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HE utility of natural philofophy to the

medical practitioner muft be fufficiently
obvious, when we confider that the faculties of
the human body are intimately connected with
thofe powers of nature which are in a more efpe-
cial manner the objefs of that fcience. Thus,
vifion depends on light; health 1s in a great mea-
fure regulated by the ftate of the atmofphere,
and life itfelf depends on the purity of the air we
breathe.

The ftudent who has had the advantage of a
regular education, is taught to confider philo-
fophy as an indifpenfable branch of medical
fcience. ’Tis by this he is led to underftand,
and reafon about, the cau/es of difeafes; and to
form proper indications for the removal of
them. By attending to the various ftates of the
atmofphere, for example, he 1s enabled to account
for and relieve a variety of {ymptoms that may
chance to occur in the courfe of a difeafe, but
which would puzzle and miflead one unac-
quainted with thefe matters. It is this, chiefly,
that diftinguifhes the {cientific and regular prac-
titioner from the empiric.

B It
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It is to be lamented however, that they who
have not had fuch an education are in general
but little acquainted with the principles of na-
tural philofophy. For want of knowing what
branches of it are neceflary for their purpofe,
there are fome who encounter the whole of the
{cience, and thus are either deterred by the for-
midable bulk of the matter, from entering on
the ftudy at all, or, conceiving it to be of little or
no ufe in their profeflion, conclude that the ad-
vantages to be derived from it will not compen-
fate for the time and trouble they muft neceffarily
employ in acquiring it. The latter objeftion
particularly affeéts ftudents in the pharmaceutical
line, who, having generally other employment,
have but little leifure for fuch purfuits. If fuch
get acquainted with only the ufeful branches of

philofophy, it is as much as can be expected from
them.

My defign therefore in the following work is
to treat of thofe parts of philofophy which are
connefted with phyfic; and I fhall endeavour to
difcourfe of them in fuch a manner as that thofe
tor whom I write may not have much difficulty
in underftanding me. Even gentlemen who are
defigned for phyficians, will, "tis prefumed, find
their advantage in the perufal, as it will enable
them the better to underftand the lectures of their
profeffors, and prepare them for more learned
treatifes on thefe fubjects,

The
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The work is divided into three parts.

The firft treats of cHEMISTRY ; the praftical
part of which however the reader is by no means
to expect. At firft it was intended merely to have
given the do&rine of affinities, But it was after-
wards judged proper to add the accounts in the
preceding chapters. If the reader has not already
fome knowledge of the chemical operations, he
would do well to confult the writings of the cele-
brated M. Macquer ; and M. Baumé’s excellent
manual of chemiftry, in Englith, with Mr.
Aikin’s notes.

The fecond part treats of oPTICS, ELECTRI-
cITy, and fuch other fubjects as were judged ne-
ceffary to the defign of the work. But the fuper-
fluous parts, even of thefe, are not entered upon.
In the chapter on optics, for example, only fo
much of that {cience is given as is neceffary to the
underftanding of the dotrine of vifion.

In the laft part it was only intended to give
fuch a fketch of phyfiology as might be {ufficient
for thewing the conneétion and application of the
{fubjetts previoufly treated of, to the human body.
The reader is referred for further information ir
~ thefe matters to the authors who have profs g 1;
written on this fcience, on patholofy, and the
other branches of medical theory,

A 4 From
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From this account of the work it will eafily
be feen that it is intended rather as an intro-
duélion to, than a compleat treatife on the fubjelts
mentioned ; and the Author’s end will be an-
fwered if 1t excites in the reader a taffe for this
ufeful kind of ftudy. If the ftudent has leifure,
and a laudable ambition, he will not only perfeét
himfelf in thefe matters from authors of a fupe-

rior rank, but even acquire a knowledge of thofe

parts of philofophy, which, not being fo imme-
diately neceffary, are not here difcourfed of. For
it need not be added, that an apothecary or fur-
geon, as well as a phyfician, will be more con-
fided in by his patients, and be more generally
and juftly efteemed for his fkill in his profeffion,
as his lcarning is more extenfive.

THE foregoing preface was prefixed to the
firft edition. I 1hall only add, that as the {peedy
fale of that impreflion has fufficiently proved the
utility of the work, I have, in the prefent, made
fuch alterations, and additions, as appeared on
revifal to be neceffary.

- Sept. 28, 1785

TABLE

i



TABLE or CONTENTS.

P A REE ¢l

OF CHEMISTR Y,

Page
Introduttion X1
Sietoyt o1, ?
Cuar. 1. Of Water 2
1I. — Earth ; [y
- III. — Salts iE
IV. — Air 30
V. — different kinds of Air 47
VI. — Pbhlogifton and its combinations 63
VII. — Fire e
Sk Cr T L1y
Cuar. 1. Of Volatilization 87
II. — Menflruums QO
1. — Extraéls 98
IV. — Fermentation 10X
SRS R e B
Of Chemical Combination & Decompofition, ¢, 105
Bergman’s Table of Affinities, &e. 139
Paapiked. 7l
MISCELLANEOUS ARTICLES.
Cuar. 1. Of Optics 145
II. — Sound 187
III. — Hydroftatics 195
IV. — Elettricity 199

PART



¢« TABLE or CONTENTS,

PEAH 1
OF PHYSIOLOGY,.
Page
Introducétion 214
Cuar. 1. Of the Bones and Miifcles 217
11. — 2he moving Fibres 220
1I. — the Brain and Nerves 223
IV. — #he Circulation of the Blood 22§
V. — the Lymphatics 232
V1. — the Primz Vie & Aliment 234
VII. — 1he Blovd 239
VI111. — Nutrition 243
IX. — the Glands 244
X. = Perfpiration 247
XI. — Refpiration and Animal Heat 249
XII. — Mufeular Motion 254
KXIIL. —~— the Effeils of Air on the

Syffem 262
XIV. — the Paffions 269
XV. =— the Senfes 274
XVI. — Slegp 287
XVII. — Generation 288

KVIII. — zhe Progrefs of Life, and of
Death 20
XIX.  Recapitulation 291

AP PENDIX:

Of Light 301
~— Lime treated with inflammable Air 320
w— Chemical iffinity 324
— Obfervations refpelting Heat 326
[ I N TR O

et

B

- ""_'ll'ui‘"l



( x}

INTRODUCTIO N,

BEFORE I enter on the fubjects pro-

pofed, it may be proper to premife the fol-
lowing particulars.

Ie

All bodies, whether folid or fluid, are
compofed of particles too fmall to be vifible
to the naked eye. Thus, water is made
up of fuch particles. We can divide a
given quantity of that fluid into feveral
portions ; thofe again into others; each
of which may again be fubdivided, and fo
on till the portions ceafe to be vifible.
The leaft portions into which it can be di-
vided are called zbe particles of water. The
like may be obferved of other bodies.

2.

The particles of fome bodies are mutu~

ally attractive. You may underftand the
manner of this, by obferving what happens
when two loadftones are placed near to

cach, the north pole of ene being turned
towards
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towards the fouth pole of the other; for
they will draw, or attract one another, and
by that means ftick together, and it will
require fome force to feparate them. In
like manner the particles of bodies, on ac-
count of their mutual attractions, ftick or
cohere. Some kinds of particles attract one
another more powerfully than others.
Thus, the particles of diamond cohere fo
ftrongly that they cannot be feparated
without a very great force. The particles
of lead cohere lefs powerfully than thofe
of diamond, and therefore are more eafily
feparable. 'The particles of water cohere
fo weakly, that their {eparation is very
eafily effected.

e

The_ particles of fome bodies do not at=~
tract, but are on the contrary mutually re-
pulfive; that is, they drive each other away.
You may have an idea of this by turning the
north or fouth pole of ‘'one magnet, to the
fame pole of the other,; for you will find
that inflead of rufhing together, as before,
they fly further afunder. The like is the
cafe with particles of air, and of fome
other {ubftances.

4« The
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4.

The particles of fome bodies attract
thofe of others, as the magnet attracts iron.
Thus, particles of water attract thofe of
fugar ; hence water diffolves fugar. The
particles of acids attract thofe of alcalis,
and hence they unite. Particles of differ-
ent kinds attra& each other with difterent
degrees of force. Thus, particles of {pirit -
of wine attra& thofe of eflential oil ; but
they attract particles of water, more than
they do thofe of the oil. Alfo fome kinds
of diffimilar particles repel each other;
and there are other kinds which do not
feem either to attract or repel.

r

Bodies may exift in three different ftates;
at leaft this feems to be the cafe with moft
fubftances. Thus, water with an heat
fufficiently gentle, is fi/id, as when it is
frozen. With a greater heat it is fluid ;
which is the ftate in which we moft ufu-
ally obferve it. But in an heat {till great-
er, it is turned into vapour, or be-
comes elaftic like air. It may likewife be
obferved, that when water is in its fo/id
ftate, its particles attra&t each other moft
i Tl | ftrongly :
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ftrongly: when in its fuid ftate, very
little ; and when in its e/aflic ftate, they
are, on the contrary, repulfive. The like
may be obferved of oil, of quickfilver, and
many other {fubftances, But different de-
grees of heat are required to produce thefe
effe&s in different bodies, as will be more
fully feen in the courfe of the work.

6.

Bodies gravitate, or tend towards the
centre of the earth; and the force with
which they gravitate, is in proportion to
the quantity of matter which they contain.
Thus, a quart of water contains twice as
much matter as a pint of the fame fluid,
and therefore gravitates twice as much;
or weighs twice as heavy: gravity and

weight being {ynonymous terms.

7.

Different bodies, or fubftances, have
different {pecific gravities, 'Thus, a pint
of fpirit of wine weighs lefs than a pint
of water, and therefore there is lefs matter
in a pint of {pirit, than in a pint of water,
Hence {pirit of wine is faid to have lefs
{pecific gravity than water,

g On
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On the contrary, a pint of quickfilver
weighs heavier than a pint of water, and
therefore contains more matter. Hence
quickfilver is {aid to have a greater {pecific
gravity than water.

To place it in another light, a pound of
{fpirit of wine is greater in bulk than a
pound of water ; and a pound of water is
greaterin bulk than a pound of quickfilver.
Or there 1s an equal quantity of matter in
a pound of {pirit of wine,a pound of water,
and a pound of quickfilver ; but it is con-
tained under greater or lefs bulk in one of
thefe fubftances, than another. Thus alfo,
a pound of wool may be comprized in a
greater or lefs bulk, according as it is more
or lefs prefled together ; but whether the
bulk be greater or lefs, the weight, or real
quantity of the wool is the fame.

8.

When the fame quantity of matter is
contained under a greater bulk, the body
is faid to be rare ; when in a lefler, denfe.
Thus, {pirit of wine is rarer than water ;
but quickfilver denfer.

Bodies will keep above thofe that are

denfer than themfelves, provided the latter
be
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be fluid ; but fink in {uch as are rarer.
Thus, a cork floats upon oil; but lead
finks beneath it. Oil {wims on the furface
of water ; quickfilver falls to the bottom.

9.

When a body is capable of being raifed
into vapour by heat, it is faid to be vo/a-
f7/e : when it cannot be thus raifed, it is
faid to be fixed. 'Thus, {pirit of wine is
eafily diflipated in vapour, and thence is

faid to be volatile: earth, not being capa-
ble of this, is faid to be fixed. '

So {pirit of wine is faid to be more vo-
latile than water, becaufe it is diffipated
with lefs heat. Qil of vitriol is faid to be
more fixed than water, becaufe a greater
heat is required to raife it into vapour.

CHEMIS-
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CHEMISTRY.
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S G T ORNE - i

T has been cuftomary with writers on this

art to begin their difcourfes with an account

of the chemical principles, Of thefe princi-
ples, they fay, all bodies are compofed ; and
into them are capable of being again refolved.
The old chemifts reckoned five principles, viz.
{pirit, falt, oil, water, and earth. Later authors
have added air; and fome others : and different
writers have varied ‘them, either according to
their own fancies, or the philofophy of the day.
The doctrine of the four Ariftotelian elements,
earth, water, fire, and air, has of late years
been revived, and admitted by very eminent
chemifts. Earth, in particular, has been con-
fidered as a principle by all writers on this fubjeét.
But falts and oils are known to be compounds
of other principles ; and probably the like holds
good alfo with the reft. For thefe, and other
reafons we fhall not enter on the fubject of prin-
ciples ; and in the following chapterg.t is merely
intended to give the reader ideas of fome of thofe
chemical {ubftances wich which he may be {up-

poled not to be fo well acquainted.
B CHAP-



2 CHEMIS T ESY.
CoH A P Lemnas]s

OF WATER.

ATER is a fubftance fo well known,

and with many of the properties of

which we are fo well acquainted from common

experience, that much will not be required to
be faid concerning it.

It is tranfparent when pure, and without either
tafte, fmell, or colour.

With a certain degree of cold it is converted
into an hard or folid fubftance called ice, and
with fufficient heat it 1s turned into vapour.

Water is a very general folvent. Salts of all
kinds are diffolved by it, fome in greater, others
in lefs proportion; fome more readily, others
more {lowly ; and with the aid of heat, the folu-
tion 1s not only effected in lefs time, but in greater
portion than otherwife. Pure gurns, and muci-
lages are likewife diffolved by this liquid. Many
fubitances which it cannot diffolve entirely, it can
yet diffolve in part, as vegetable, animal, and
many of the mineral fubftances.

Water cannot be comprefled into leffer dimen-
fions than 1t naturally occupies, or its compref-
fibility is fo very little, that it needs not be here
confidered, being as nothing when compared to
the compreflibility of air ; neither does it, likeair,
expand when a force comprefling it is removed.

Vegetable,

_ -II"'I'UI-'C-P'l_,l-f_,. .
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CHEMISTRY. 3

Vegetable, animal, and moft of the mineral
fubftances contain water when in their natural
ftates : by far the greater part of the blood and
juices of the two former is mere water. In falts
and many other fubftances, water is alfo contained
as a neceflary ingredient.

Water 1s likewife contained in moft fubftances,
not in its fluid form, but in a ftate of combina-
tion, forming a folid body. What, for example,
is more dry or folid than lignum vitze ? Yet if it
be diftilled, without any addition, in a retort, a
valt quantity of water may be obtained. The
like may be obferved of the horns and bones of
animals ; of lime ftones; and many other fub-
ftances. The water being chemically combined
with the other principles of thefe bodies, loft its
fluid, and affumed a folid form. But when the
union between thefe ingredients was deftroyed,
the water reaffumed its fluidity.

As the greateft part of animal fluids is mere
water, animal food muft alfo contain this liquid
in great proportion. Not to mention the liquids
that we ufually drink, the ftrongeft of which
are almoft entirely water, the moft folid of our
aliment containsthis principlein very great quan-
tity, as is plain from what was faid above of
the diftillation ofanimal and vegetable fubftances,
which makeup almoft the whole of ourfolid food.

Water cannot be obtained pure, becaufe it
will neceffarily diffolve many particles of the va-
B 2 rious
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rious foils through which it paffes. Hence the
difference between river and {pring waters, mine-
ral waters, {ea waters, &c. The pureft of all is

rain water. But for nice chemical purpofes
water 1s diftilled.

When water is fufficiently heated it boils. The
bubbles which then arife in it are water rendered
elaltic or turned into a kind of air, as will be
fhewn hereafter. If the preflure of the air be
leflened or removed, the water boils with a lefs

heat ; but if the preffure of the air be increafed,

a greater heat is required to make it boil than
otherwife. It i1s remarkable, that after water
boils, it cannot be rendered hotter by increafing
the heat. When water changes from a folid
ftate, or ice, to a liquid form, cold is generated ;
and the like happens when it changes from a
fluid to an elaftic, or vapoury ftate; and heat
is produced in the contrary cafes. What has
been faid of water in this paragraph, holds good
with oil, quickfilver, and other fubftances. But
thefe things will be better underftood after fome
other matters have been explained, wherefore I
fhall not at prefent enlarge on them.

Water has, till very lately, been confidered as
an element indeftruétible by any human means.
But by {fome recent experiments, 1t appears that
it is a compound of inflammable, and dephlogii-
ticated airs. For thefe uniting, compofe water ;
and this water may again be refolved into thefe

W
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two ingredients, as may be thewn more fully in
a future chapter.

C.H A'PYIsE B -l
OF EARTH.

Y earth we do not mean, with the vulgar,
foil, or dirt; thefe being mixtures of earth,
water, oil, falts, and other matters, The earth
of chemiftry is that fubftance which remains after
. all the other principles are expelled from a body
by heat, | |

If a leaf be carefully burnt, the falts, water,
oil, and other principles of which it is compofed,
will be diffipated. But the earth, refifting the
force of fire, will remain behmd ftill retaining
the fhape of the leaf; and ‘therefore may alfo be
faid to be the bafis of thefe other principles;; by
means of which they were the better ‘enabled to
{uftain the form into which they were contrived,

The general charater of earth is, th.ath it is
fixed, or incapable of being raifed into vapour
by any heat that we can apply. Some earths
cannot even be readered fluid by our fires, but
retain their dry form in the moft intenfe heat. By
heat they are capable of being turned into glafs,
cither alone, or by fufion with fixed alcalis.

Some philofophers teach that there'is but one,
kind of pure earth ; which they therefore look up-
on as a principle; and call it e/ementary earth, All

B 3 . the
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the various earths which we are acquainted with,
they confider only as pure earth adulterated with
other principles; and imagine, that according
to the fubftances with which it is alloyed, it
forms earths of different kinds. Thefe alloys,
they add, are fo intimately combined with the
earth, that they cannot be wholly feparated from
it by any methods that we are yet acquainted
with ; and therefore the latter cannot be obtained
pure.

It 1s, however, fufficient for our purpofe, to,
confider earths in thofe ftates in which we ufually
obtain them. For whether their differences be
original, or accidental, they have diftinét and
fpecific properties; and therefore ought to be
confidered as different fubftances.

I.

CRYSTALLINE EARTH.

CuemrsTs have given this name to diamonds,
flints, cryftal, and other hard, tranfparent, and
infufible ftones ; which are only earth in a folid
or cryftalline form, They are known from
othersby their property of ftriking fire with fteel.
They are neither foluble in acids, nor fufible:
by fire, When mixed with alcaline falts, and
expofed to an intenfe heat, they melt into glafs,
Could they be fufed without fuch addition, the
glafs which they would form, would be much
harder than any that-art has yet produced.

6 2. CALCAREOUS.,
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2.
CALCAREOUS EARTH.

QuicKLIME 1s pure calcareous earth., It is
obtainable from lime-ftones, chalk, the fhells of
animals, marble, and fome other, fubftances, by
calcination, or expelling their other principles
by heat. It is infufible by our fires. In its na-
tural ftate (as in chalk, the common abforbent
or teftaceous powders, &c.) 1t is combined with
fixed air, and is then called mi/d calcareous earth.
In its ftate of quicklime, it is freed from fixed
air, and 1s then faid to be cauflic.

This earth is diftinguithable from others, by
its property of becoming quicklime on expelling
its fixed air by fire, or other methods.

It is likewife foluble 1n water, in its cauftic
ftate, and then forms lime-water. In its mild
{tate, it is not {oluble,

It is diffolved by acids, either in its mild or
cauftic ftate. If in its mild ftate, it effervefces ;
the fixed air, which is fet free by the acid, raifing
the liquid into a froth as it efcapes. In its cauftic
frate it cannot effervelce, becaufe it contains no
air to be extricated by the acids : the folutions,
therefore, are exactly the fame, whether cauftic,
or mild calcareous earth be ufed ; the air, which
conftituted the difference between them, being
expelled and diffipated when the mild earth is
employed,
| B 4 Ic
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It neutralizes acids, and with vitriolic acid it
forms felenite, or plaifter of paris.

It expels volatile alcali from acids ; and unites
~ with fulphur, forming a kind of hepar fulphuris.

3
! MAGNESIA.

Like calcareous earth, it may be had either
combined with, or free from fixed air. It may
be obtained from Epfom, and fome other falts,
either by precipitation with an alcali, or by cal~
cination, by which the acid 1s expelled.

It may be known from calcareous earth, by its
forming fal catharticus amarus, with vitriolic
acid, which 1s eafily foluble in water ; whereas
calcareous earth forms with the fame acid felenite,
which is infoluble in water, or fo little foluble as
not in this cafe to be confidered.

It may be precipitated from acids by volatile
alcali.

1t has lefs fpecific gravity than calcareous earth,
efpecially when in powder,

4
ARGILLACEQOUS EARTH,

It is contained in clay, and may be extratted
by the vitriolic acid, with which it forms allum.

It
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Tt may alfo be precipitated from allum by fixt
- or volatile alcali; and as this is the method by
which it is ufually obtained pure, 1t 15 alfo called
earth of allum.

It is foluble in other acids: but its forming
allum with the vitriolic is alone fuficient to
diftinguifh it from other earths.

METALLIC EARTHS.

The fubftances remaining after the calcination
of metals are called by this name. Thus, mi-
nium, ruft of fteel, and mercurius precipitatus,
are metallic earths.

They have this remarkable and diftinguifhing
property, that when fufed with charcoal, or
other inflammable matter, they become metals.
Thus minium, treated in this manner, becomes
lead ; and mercury precipitate, quickfilver.
This i1s called reviving them. By thefe means
they may be known one from another, as well
as in general from other earths. They may alfo
be diftinguithed by other methods, Thus,

CALX OF COPPER,
Combined with wvitriolic acid, forms blue
yitriol.
CALX OF IRON,
Combined with the fame acid, forms green
vitriol,

CALX
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CALX OF LEAD,

Combined with vegetable acid, forms faccha-
rum f{aturni, This calx 1s alfo foluble in oils.

CALX OF SILVER,

Combined with nitrous acid, forms lunar
cryftal, or lunar cauftic,

CALX OF ZINC*

Combined with vitriolic acid, forms white
vitriol : and fo of others. They may alfo be
charaéterized by their colour, and other fenfible
qualities, but the reviving them is frequently
the moft eligible method of difcavering them.

The metallic earths, or calces, ufually contain
fixed or other air; which the phlogifton, by
which thf:}_r are revived, expels.

ANIMAL AND VEGETABLE EARTHS,

Or the afhes of animal and vegetable fub-
ftances, freed from their alcaline falts.

Thefe are various, according to the nature of
the fubjets from which they are obtained. Thus
fome animal earths are calcareous; others not.
Some are more eafy of fufion; others lefs; and
the like is the cafe with vegetable earths.

It would take up too much room to enumerate
their different kinds ; and much more the various

other fpecies of earth, mentioned by chemical

Writers ;
* Calamine, Tutty, &c. are calces of zinc,
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writers ; many of which are only compounds. of
thofe that have been mentioned. What has
been faid on this fubject is amply {ufficient to
the purpofe of the prefent work.

U st e E e 11

OF SALTS.

AvrTs are {fubftances having tafte, are folub’s

in water, and, for the moft part, incoms-

buftible. Lo Cd s R

: E“*ﬁ? i

They are divided into acid, alcaline, and

neutral ; of each of which I fhall give a {eparate
account.

1 2,

OF ACID SALTS.

Thefe are known from other fubftances by
their four tafte, and by their changing fyrup of
violets, or other blue vegetable infufions red.
‘When mixed either with one another, with alca-
line falts, with metals which they can diffolve,
or with water, they produce heat; with ice or
fnow, cold. They coagulate animal fluids;
they powerfully attract water, infomuch that in
the pureft ftate in which we commonly ufe them
they are combined with that fluid. Thus oil
of vitriol i1s not pure vitriolic acid, but that acid
and water. They have a ftrong tendency to
unite with many other fubftances; as alcaline
falts, earths, metals, animal and vegetable fub-

{tances,
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ftances, &Fc. For this reafon they are never
found pure, but combined with fome of thefe
{ubftances, from which they are obtainable by art.
- Thus, oil of vitriol is obtained from copperas ;
and vinegar from fermented vegetables. They
are volatile, and refift putrefaction. They are
ufually divided into four kinds.

I.

THE, VITRIOLIC ACID,

Or that which 1s obtained from copperas by
diftillation, from {ulphur by burning, and from
other fubftances. Thus, oil of vitriol, and
{pirit of fulphur by the bell, are vitriolic acid,

or rather that acid combined with water.

It is diftinguifhable from other acids by the
following properties : it has a ftronger affinity
to alcaline falts and earths than the other three
acids, and therefore diflodges them from thofe
bafes, but is not ufually diflodged by them.

When concentrated it excites a greater degree
of heat with water, than any other acid.

It does not fume like the nitrous, or marin€
acids ; nor has it either colour or fmell, if pure.

With fixed vegetable alcali it forms vitrio-
lated tartar; with foflil alcali, Glauber’s falt;
with argillaceous earth, allum ; with calx of iron,

copper,
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copper, or zinc, green, blue, or white vitriol §
with calcareous earth, felenite; and with mag-
nefia, Epfom falt. It is more fixed than the
other three acids.

2,
NITROUS ACID,

Or that obtained from faltpetre. Thus Glau-
ber’s {pirit of nitre, and aqua fortis, are nitrous
acids, diffolved in water.

It may be known by the red colour of its
fumes when it yields them, and by the greater
degree of cold which it generates with ice or
fnow, than the other acids. When concentrated,
it produces flame being poured on certain oils.
With fixed alcalis it forms nitres, which may be
known from all other neutral falts, by their pro-
perty of deflagrating with any inflammable mat-
ter, in a fufficient degree of heat; and with
volatile alcali, it forms a {alt which detonates
in a proper degree of heat without the addition
of any inflammable matter. It is difplaced from
alcalis by the vitriolic, but not by the other two
acids ; but it attralts phlogifton more ftrongly
than either of them. It is capable of exifting in
the form of air.

This acid may have its phlogifton taken from
it by proper fubftances : it is then quite colour-
lefs, and without any red fumes; and ftronger
than it was before,

| 3. MARINE,
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T
MARINE, OF MURIATIC ACID.
Spirit of fea-falt is what we underftand by
thefe terms ; it is diftinguithed by the following
properties.

When concentrated it is lighter than the vi-
triolic or nitrous acids; of a yellow or ftraw-
colour, and emits white fumes. It attracts me-
tals more ftrongly than other acids. With the
foffil alcali it forms common falt; and with vo-
latile alcali, fal-ammoniac. It is diflodged from

alcalis by the vitriolic and nitrous, but not by

the vegetable acid. It is obtainable in a fepa-
rate {tate in the form of air.

This acid may be dephlogifticated like the
nitrous. It is then quite colourlefs.

4.
VEGETABLE ACID.

Vinegar is moft commonly undérftood by this

term ; it is obtained from vegetables by fer-
mentation.

When concentrated, that is, when diftilled
from verdegris, or from fal diureticus, or fugar
of lead, by means of the vitriolic acid, or other-
wife, it emits a moft pungent fmell.

It is diflodged from alcalis by all the three
preceding acids, ‘With fixed alcali, it forms diu-
retic

S
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retic falt; with copper, cryftals of Venus; and
with lead, faccharum faturni.

Lemon-juice, cream of tartar, juice of forrel,
and others, are alfo vegetable acids; they are
for the moft part weaker than vinegar, that Is,
are diflodged by it from alcalis. Cream of
tartar forms Rochelle falt with foffil alcali, and
foluble tartar with fixed vegetable alcali ; neither
of which can be obtained by ufing vinegar.
Cream of tartar is alfo in a folid ftate, contrary to
moft other acids; which attraé water fo power-
fully as not to be ufually retained in this form.

Thefe are the acids ufually confidered by che-
mifts ; but there are others: for example,

£
THE VOLATILE VITRIOLIC ACID,

Or aqua fulphurata of the London pharma-
copcela, made by impregnating the vapours of
{pirit of vitriol with the fumes of fome inflam-
mable fubftance, or rather with phlogifton.

It has a very fuffocating fmell, and is diffi-
cultly concentrated. It is diflodged from alcalis
by the vitriolic, nitrous, and marine acids ; but
the falts which it forms with thofe alcalis may,
by expofing them to a gentle, but continued
heat, be brought to the fame ftate as thofe
formed by the common vitriolic acid with the
fame alcalis ; and the like is the cafe with the

acid
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acid itfelf. The acid is capable of being obs
tained fromi the water by heat, in' the form of 4
permanently elaftic vapour, or air. It may be
faid to be the vitriolic acid volatilized by
phlogifton. .

' 6.

THE PHOSPHORIC ACID.

Phofphorus is a compound of phlogifton and
an acid. If the phofphorus be burnt, the acid
remains behind, as is the cafe with fulphur.
It may alfo be obtained by diftillation, from the
fufible falt of urine ; and by other means.

It is the moft fixed of any of the acids; for it
may not only be evaporated to drynefs, but will
bear an heat capable of turning it into glafs.

Diftilled with charcoal, or other proper in-
flammable matter, it becomes phofphorus.

73
AQUA REGIA.
This is not a fimple acid, but a compound of
the nitrous, and marine; it is diftinguifhable
from others by its property of diffolving gold.

8.

SEDATIVE SALT,

Or the acid of borax, and which may be ob-
tained from it by diftillation with ol of vitriol.

It is folid, and vitrifiable ; with the foffil al-
cali it recompofes borax,

The
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The other acids are, the acid of amber, of
ants, of animal fat, of the Swedifh fluor, of fugar,
and fome others *. But thofe already difcourfed
of are more than fufficient to the purpofe of
this work. Fixed air is alfo juftly reckoned by
the ingenious Mr, Bewly and others, among the
acids.

IT,
OF ALCALINE SALTS.

The moft diftinguithing characteriftics of al-
calis are, their acrid urinous tafte; their turn-
ing blue vegetable infufions green; and their
uniting with, and deftroying the four tafte of,
acids. They are likewife capable of uniting with
‘other f{ubftances : thus, with oil they form foap ;
and with fulphur, hepar fulphuris. When com-
bined with fixed air, or in their mild fate, they
caufe effervefcence with acids, and are capable
of cryftallization ; but not in their cauftic one.
They are, like acids, obtainable by art from the
fubftances which contain them. See alfo the
clofe of this article.

I. FIXED VEGETABLE ALCALI,

It is made by burning land plants to athes in
an open fire, pouring water on the athes to dif-
folve the falts, then filtering and evaporating the
folution to drynefs; the alcali remains behind.
Thus, falt of tartar, falt of wormwood, pearl
afhes, and the like, are fixed vegetable alcalis.

C It

¥ See Bergman’s Tables.
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It attracts acids ftronger than volatile glcali,
earths, or metals; it therefore difplaces thofe
fubftances, but cannot be diflodged by them.

It 1s capable of converting earths, not other-
wife fufible, into glafs by heat; and promotes
the fufion and vitrefcency of others.

In its cauftic ftate it diffolves vegetable and
animal fubftances, and with exprefled oil forms
common foap. It is not volatile.

With vitriolic acid it forms vitriolated tartar ;
and with the nitrous acid, nitre.

It attracts water from the air, and thereby be-
comes liquid.

2. FIXED FOSSIL ALCALI,

Called alfo natron, and fal fod®. It is ob-
tained from fea-plants, in the fame manner as the
other 1s from land ones. It may alfo be ex-
trated from common falt, Glauber’s falt, and
borax ; and in fome parts is found in its natural
ftate. Kelp and barilla contain foffil alcali.

It differs from the vegetable alcali in feveral
refpects : it does not liquify in the air ; it forms
different falts with acids : thus, with the vi-
triolic it forms, not vitriolated tartar, but Glau-
ber’s falt ; with marine acid, it forms common
or fea falt; and with the nitrous, nitrum cubi-
cum. It is not volatile,

4 3+ VOLATILE
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3. VOLATILE ALCALL

This is obtained, by diftillation, from animal,
anid fome vegetable fubftances, efpecially when
putrid ; and likewife from fal ammoniac, by the
addition of fixed alcali, or calcareous earth.
Volatilé {al ammoniac, and falt of hartthorn, are
volatile alcalis; {pirit of hartfhorn, fpirit of fal
ammoniac, {pirit of urine, &c. are volatile alca=
lis diffolved in water.

It differs in feveral refpets from the fixed al-
calis; it is difplaced by them from acids, and
alfo by calcareous earth.

It is volatile, and has a very ftrong pungent
{fmell. With nitrous acid it forms a falt which
detonates by itfelf in a fufficient degree of heat,
called nitrous fal ammoniac.

With smariné acid it forms common {al am=
moniac. It precipitates magnefia, earth of alum,
and metallic calces, from acids.

It may be obtained from the water with which
- it 1s combined, in the form of a permanently
elaftic air; and if water be prefented to this air,
it prefently abforbs it, and thereby becomes the
fame cauftic liquid alcali as that obtained from
fal ammoniac with quicklime.

[ Gl REMARKRS
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REMARKS ON ALCALIS.

~ All thefe alcalis, in their natural ftate, are not

pure, but mild, or combined with fixed air.
Hence, when they are mixed with acids, they
caufe an effervelcence, which is nothing more
than this air extricated from them by the acid,
raifing bubbles as it efcapes through the liquid.
If quicklime be mixed with them, it attracts the
fixed air, and they then become cauftic or pure.
Thus, the lixivium faponarium is the cauftic
“fixed alcali ; and the fpirit of fal ammoniac, made
with lime, is the cauftic volatile alcali. Cauftic
alcalis violently attract water. Hence they are
ufually in a liquid ftate; but they may be ob-
“tained feparate from the water. Thus, lapis
infernalis 1s the dry cauftic fixed alcali; and
alcaline air is the dry cauftic volatile alcali. The
cauftic alcalis form the fame neutral falts with
acids as the mild ones; the air efcaping when
the latter are employed.

Volatile alcali contains more of the inflamma-
ble principle than the fixed. Hence it is, that it
detonates with nitrous acid, when united in the
form of nitrous fal ammoniac.

111, NEUTRAL
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II1.

NEUTRAL SALTS.

21

~ 'They are formed by combining acids with al-
calis or earths, as in the following Table :

ACIDS.
r e %}
Vitriolic Nitrous Marine T S Cream of
Acid. Acid. Acid. SCRETS Tartar.
FixedVegetable {7, o vieriol| MNitre. | Sal Digeftiv. | Sal Diuretic. | Tart. Solub.
Alcali
Foffil Alcali. || Sal Glaub. | Nitr. Cubic. | Sal Comm. Sal Saignet.
. . U Sal Amm. ]Sal Ammon.| Sal Amm. 3
VUIM'I':{L[“]I' Vitriolic. Nitros. Commun. Sp: Minder.
Calcareous - || gojonitis, |Mitr.Calcar. | Liquidihell.
Earth. |
|
N [
il Sal Carh.
Magne | S8
Argillaceous
Earth. Alum,
Calx of Iron. iFGrucn Witr.
Calx nfﬂuppcr.! Blue Vitriol Cryf. Ven.
Calx of Zinc. || Whike Vitr.

L]
Calx of Lead.

Sacc.Saturn.

A
e —— e - =

Cahrr of Merc. Corr.| Keyfer's
Mercury. Sublim. Mercury.
Regulus of iy §
Antimony. I Tarty Emek,

Any neutral falt in the table is formed of the

acid at the top of the column, and of the alcali
or earth on the left hand. Thus, marine acid

and

C3
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and foffil alcali, form common falt; nitrous acid
and fixed vegetable alcali, nitre; and fo of athers,

The alcali, or earth of a falt, is called its bafis :
thus, volatile alcali is the bafis of fal ammoniac ;
and magnefia is the bafis of Epfom falt.

The phofphoric, and other acids, alfo form
falts with alcalis and earths ; but, as they are not
in ufe, I have not inferted them. Many of the
fpaces in the table are left vacant for the fame
reafon; and fome of thofe that are fet down might
have been omitted,

Neutral falts are ufually divided into neutral,
earthy, and metallic, according to their bafes.

From moft of the two latter kinds the acids
may be expelled by heat. But in thofe with al-
caline bafes this does not happen, or not fo eafily,
becaufe their principles are held together by
ftronger attractions, '

The falts with volatile alcaline bafes are vola-
tile ; at leaft much more fo than the others. *

Neutral falts are for the moft part capable of
being cryftallized ; but the form of the cryftals
in each {alc is different. In their cryftalline ftate
they contain a portion of water, which indeed{s i *
neceflary to their cr;ftallization. Hence they are
ftronger when this water is evaporated, and they
are alfo more difficult of fufion. |

I, VITRIOLATEDR
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I.
VITRIOLATED TARTAR.

It is compofed of vitriolic acid and fixed
vegetable alcali, remains dry in the air, and
requires a great quantity of water to diflolve it.
It decrepitates in the fire; is. very difficult of
fufion ; is not foluble in {pirit of wine; and its
cryftals are, for the moft part, hexagonal prifms.
Its tafte is bitterith, and not very powerful. It
cannot be decompofed by alcalis, nor, in the
ufual way, by acids. Fufed with charcoal, it
forms fulphur.

2
GLAUBER’S SALT.

It is a compound of vitriolic acid and fofil
alcali. It dries into a white powder in the air;
1s foluble in an equal weight of water, and is
eafily fufible. Its tafte is fomewhat like common
falt, but more bitter, and its cryftals are hexa-
gonal. It is not capable of being decompofed
by alcalis, or by acids in the ufual way. It yiclds
fulphur, being fufed with charcoal.

3
e

NITRE.

It is compofed of nitrous acid, and fixed vege-
table alcali, It deflagrates with inflammable
matter in a {ufficient degree of heat; is capable
of being decompofed by vitriolic acid, when it
emits red fumes ; is eafily fufible; has a tharp
biting tafte, and its cryftals are hexagonal
prifms, :

Ciq 4. CUBIC
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11
CUBIC NITRE,
It differs from common nitre chiefly in the
figure of its cryftals, which are quadrangular,
or rhomboidal.

g.
COMMON SALT,
Is compofed of marine acid, and foffil alcali.
It is capable of being decompofed by vitriolic
acid, when it emits white fumes. The nitrous
acid likewife decompofes it. It is foluble in about
an equal quantity of water, which diffolves as
much of it when cold as by the affiftance of heat.
Tts cryftals are cubic, and very {fmall. It de-
crepitates in the fire, and is difficult of fufion.
Tts tafte is well known. If pure it remains dry
in the air.
6.
SAL DIGESTIVUS,
Differs but little from common falt. Its tafte
is lefs agreeable ; and with vitriolic acid, it forms

vitriolated tartar ; whereas common falt forms
with the fame acid, fal Glauberi.

7T+

SAL DIURETICUS.
It is compofed of the acetous acid and fixed
vegetable alcali.

It is foluble in fpirit of wine, and very eafily
fo in water. It may.be decompofed by heat,
and by the vitriolic, nitrous, and marine acids,

' with,
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with which it forms tart. vitr, nitre, and digef-
tive falt. It deliquiates in the air, and unites
with gums and refins.

8.
ROCHEL SALT,

Is compofed of foffil alcali, and cream of tar-

tar. It is not deliquifent like the preceding
falt. It may be decompofed by the mineral,

and even vegetable acids; and if they are added
to this falt, diffolved in water, the cream of
tartar will be precipitated.

9.
SOLUBLE TARTAR.

It is a compound of cream of tartar and fixed
vegetable alcali. Befides its being lefs fubject to
cryftallize, and to remain dry in the air, it may
be known from Rochel f{alt, by the falts which
it forms with vitriolic and other acids. Thus
the vitriolic acid forms vitriolated tartar with
this falt, and fal Glauberi with the Rochel.

10,
VITRIOLIC SAL AMMONIAC,

+ Is compofed of vitriolic acid, and volatile
alcali. It is decompofed by fixed alcalis, and
calcareous earths, which prefently difcover its
volatile alcaline bafis.

It 1s difficultly foluble in water, and not at all
in fpirit of wine,
| I1. NITROUS
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I1I.
"NITROUS SAL AMMONIAC.

It is 2 compound of nitrous acid and volatile
alcali. It atrraéts water from thé air ; -is foluble
in {pirit of wine, and may be decompofed by
fixed alcalis and calcareous earth.

It may alfo be decompofed by vitriolic acld
when it emits red fumes.

It is eafily fufible, and deflagrates in a fuffi-
cient heat, without any addition of inflammable

matter,
12.

X COMMON SAL AMMONIAC,

Is a compound of marine acid, and volatile
alcali. Its bafis may be detected by fixed alcalis,
or calcareous earth, and its acid by oil of vitriol,
in the form of white fumes.

It differs alfo from the vitriolic fal ammeoniac
in being foluble in {pirit of wine.

Diflolved with common falt in water, it pro-
duces cold. It is volatile,

13.
VEGETABLE s.ff. AMMONIAC,

It is formed of volatile alcali, and vegetable
acid. Thus fpirims Mindereri is this falt in a
liquid form. But it may be obtained dry by
proper methods.

Its alcali may be detected by fixed alcalis, and
calcareous

-
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calcareous earths; and its acid by either of the
mineral acids.

It eafily deliquiates, and is copioully foluble
in water, and in {pirit of wine.

i4.
SELENITE,

It is compofed of vitriolic acid and calcareous
earth, and is alfo called gypfum, and plaifter of
paris.

It is difficultly foluble in water, and requires a
very. large quantity for that purpofe.

Its earthy bafis is precipitated by alcalis. But
acids do not decompofe it. Its acid, however,
may be difcovered by examining the falt formed
by the added fixed alcali, which will be vitriolated
tartar, or Glauber’s falt, according as the ve-
getable, or mineral alcali is ufed.

i I
SAL CATHARTICUS AMARUS,

Is a compound of vitriolic acid, and magnefia,
It 1s readily foluble in water, and in great quan-
tity. . But it is not fufible.

~ Its bafis may be precipitated by volatile alcali,
as well as by fixed.

Its acid may be deteted by the vitriolated
tartar which it forms with fixed alcali.

16, ALUM,
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S ah ]

ALUM.

It is formed of vitriolic acid, and argillaceous
earth. It is eafily fufible, and diffolves in about
four times its weight of water. It has an aftrin-
gent tafte, and its cryftals are eight-fided pyra-
mids.

Its bafis may be precipitated by fixed or vola-
tile alcali; and its acid may be known by the

vitriolated tartar which it forms with fixed vege-
table alcali.

1.

GREEN VITRIOL.

It is compofed of vitriolic acid and calx of
iron ; and is alfo called /falt of fteel, and copperas.

o i
Its cryftals are green, tranfparent, and rhom-
boidal. Its acid may be deteted by the falt
formed by the addition of fixed vegetable alcali,
and the bafis precipitated thereby, may alfo be
examined and difcovered. See earths,

18.
ELUE VITRIOL,
Is compofed of vitriolic acid, and calx of
copper. Its cryftals are blue, and their tafte
very acrid and ungrateful.

Its principles may be difcovered by the means
directed in the laft article.
19. WHITE

-
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, 19.

WHITE VITRIOL.

It is 2 compound of vitriolic acid and calx of
zinc. Its cryftals are white and fmall, refem-
bling fugar in appearance. Their tafte aftrin-
gent and fweetith. Its principles may be detected
as in green vitriol.

20.

SUGAR OF LEAD.

It is compofed of acetous acid, and calx of
lead. |

It is eafily foluble in water ; of a fweet aftrin-
gent tafte; and its cryftals are fmall and white.

It may be decompofed by either of the alca-
line falts. Its acid forms diuretic falt with fixed
vegetable alcali, and its precipitated bafis may
be detetted by referring te the chapter on
earths.

21,
MERCURIUS CORROSIVUS SUBLIMATUS.

It is a compound of marine acid, and calx of
mercury ; it is foluble in {pirit of wine; its tafte
is naufeous and braffy, and it is volatile. Its
cryftals are fmall and white.

Its principles may be detected by adding alca-
line falt ; examining the precipitated earth, and
the neutral falt produced, as dire€ed in the four
preceding articles, :

-
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It would be tedious; and unneceffary to the
defign of this work, to go through the whole
number of neutral falts capable of being formed
by acids, alcalis, and earths. Every folution of
a metal or earth in an acid may be confidered in
this view ; being only the falt formed by the acid
and its bafis, diffolved in water ; and the num-
ber-of acids and bafes is very great. Thofe falts
which have been confidered, are fufficient to give
the reader an idea of neutral falts in general ;
and, together with what will be faid in the fol-
lowing chapters, will enable him to underftand
the nature, as well as to difcover the compofition,
of others.

CILAVFE T E R1V.

OF AIR.

S the do&rine of air conftitutes one of the
moft important branches of medical phi-=
lofophy, it will be neceffary to enlarge on it.

Air is a fluid furrounding the globe of the
earth to a very confiderable height, forming
what is called the atmofphbere.

In its ufual ftate it does not difcover itfelf to
any of our fenfes; and hence, with the vulgar,
air and nothing, are fynonimous. When it is in
motion, it is perceptible to the feeling and hear-
ing; and alfo (by its effects in moving light and
flexible bodies) to the fight, under the notion
of wind.

If
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If a bladder be filled with air, it may be ren-
dered very obvious to the touch. For the hand
will find it impoflible to comprefs the bladder,
as when in its empty ftate. Alfo if you attempt
to fill a veflfel with water, or any other fub-
ftance, you will find it impracticable; unlefs at
the fame time you let out a proportionable quan-
tity of air; as may be obferved to great advan-
tage in veflels with narrow necks. Thefe are
not only proofs-of the exiffence of air; but alfo of
its impenetrability ; or property, in common with
water, and other bodies, of not fuffering any
other fubftance to poffefs the fpace which it
occupies, otherwife than by removing it from
that fpace.

If a bladder filled with air be weighed with a
very nice pair of fcales, and if it be weighed
again after the air is forced out of it, it will be
found lighter than before; and if the bladder
be very large, the difference of weight will be
feveral grains. From hence it appears, that
air is alfo beavy; the only difference between
. water and it, in this refpeft is, that water is
heavier than air; in the fame manner that quick-
filver 1s heavier than water.

If an almoft empty bladder, carefully clofed,
be put into the receiver of an air-pump, and
then the air be gradually withdrawn from the
receiver, the bladder will begin to fwell, and at

length
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length appear full blown. But if the air be
again gradually let into the receiver, the blad-
der will lofe its bulk by degrees till it appears
empty as before. ‘

From hence it appears, that the fame quan-
tity of air is capable of expanding itfelf into a
greater bulk than that under which it ufually ex-
ifts. To underftand the reafon of this, it is to be
obferved, that the air naturally contained in the
receiver prefled upon the bladder on every fide,
and thereby comprefied it into its feemingly al-
moft empty ftate. When part of the air in the
receiver was pumped out, the compreflion of
the bladder became lefs than before ; and thez=-
fore the air within it was fuffered to expand
itfelf, and thereby fwell the bladder. As more
air was drawn out, and the preflure upon the
bladder became lefs, the included air had {till
greater liberty to expand, till at laft the bladder
was perfectly diftended. 'When the air was again
let into the receiver, and the comprefiion of the
bladder began to be increafed, the included air
was forced into leffer bulk. As more air was
let in, and the preflure became greater, the in-
cluded air was forced into ftill lefs dimenfions,
till at length the bladder appeared as empty as
“before.

Air, therefore, naturally expands; and it is
kept in its ufual bulk or dimenfions by the

preflure of other air incumbent on it; and in
this
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this view its elafticity is alfo called its fpring.
A fteel fpring, for example, if bent by means
of four pound weights, continues bent to the
fame degree as long as the weights remain on it.
If one of thofe weights be removed, the {pring
ih part fecovers itfelf, or becomés lefs bent.
If another of the weights be removed, it recovers
itfelf more; if a third weight be removed, it
recovers itfelf ftill further ; and if the fourth be
alfo removed, the fpring will be quite unbent, or
in its natural ftate. But if the weights be after-
wards added in the order that they were taken
away, 1t will again be bent by the fame degrees,
till it returns to the ftate it was 1n before; and
will continue in that bent ftate as long as the
weights remain on it.

The air around us therefore is in a comprefied
ftate, or forced into lefs fpace than it would oc-
cupy if it was free. ‘The caufe of this compref-
fion will be feen when we treat of the weight of
the air. The fact alone is fufficient for our pre-
{fent purpofes

Over the mouth of a bafon, or other proper
vellel, tie a piece of bladder or thin parchment,
fo that no air may pafs either to or from the
veflel ; and let it be fufficiently tight, yet fo as
that it may be bent. If you place a weight on
this cover, you will find that it will be preffed
down into an hollow, or below the level of the

D brim
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brim of the veffel ; and if you add more welghts,
this will happen in a ftill greater degree. But
if the weights be removed, the cover will return
to a level with the veffel’s brim, as at firft.

From hence it appears, that air is capable of
being comprefled into leffer dimenfion or fpace
than that which it ufually poffefies; and that it
returns to its wonted bulk, when the compref-
fing caufe 1s removed. Thus, if to the four
weights, already comprefling the {pring in the laft
cafe, a fifth fhould be added, the {pring will be
bent ftill further than it was before; and if a
fixth be added, this will take place in a yet grgater
degree ; but if the two additional weights be re-
moved, the {pring will retarn to the fame ftate as
before they were added.

Air therefore when comprefied” endeavours,
like a fpring, to recover itfelf; and that endea-
vour is ftronger, as the comprefling force is
oreater. If a tube be ftopt at both ends with
wads of paper, and one of thefe be forced into
the tube by a rammer, the ait between the
wads will be comprefled; and in its endeavour
to recover itfelf, will force out the paper at the
farther end. So if a blown bladder be vio-
lently comprefled, the air contained In it, by en-
deavouring to recover its former dimenfions, will
burft the bladder ; and many other inftances of
the kind will occur. Thus th¢ phznomena

10 of
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of the air-gun depends on this property of the
air.

Squeeze almoft all the air out of a bladder,
and clofe its neck with a ftring; if the bladder
be brought near the fire, it will fwell ; and, if
the heat be fufficient, will be puffed up like a
bladder full blown. Remove the bladder to a
cold place, it will continually contratt in its
bulk, till it appears as empty as before.

Alfo fill a bladder with air in 2 warm room,
or in the fummer, and remove it to a colder
room, or keep it till winter, you will find that
it is contracted in its dimenfions. Reftore the
bladder to the warm room, or keep it ull fum-
mer, it will appear as bloated as before.

From hence it appears, that the fame quan-
tity of air is capable of being expanded, or in-
creafed in bulk by heat, and contraéted, or
lefflened in bulk by cold; or in other words,
that its elafticity or {pring is increafed by heat,
and weakened by cold. It will be fthewn here-
after, that the elafticity of the air probably de-
pends entirely on heat.

Having premifed thefe properties of air, we
may proceed to explain the general conftruc-
tion of the atmofphere.

2 ) - Air
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Air is a fluid, reaching from the furface to
many miles above the earth, and encompafling
the whole globe, as hath been amply demon-
ftrated by philofophers.

Fhe upper part of this air is expanded into
its utmoft or natural bulk. The air next under
this, is preffed upon by the weight of that
above it; and therefore is forced into lefler
dimenfions than it would have if not thus pref-
fed upon. The air next under thefe will be fill
more prefled, by reafon of the weight of both
the above-mentioned quantities of air on it, and
therefore will be forced into a bulk ftill lefs than
that which is next above it; and in like man-
ner we may imagine of the air beneath this;
and fo on continually, till we arrive at that which
refts upon the furface of the earth, which will be
moft comprefled of all.

To obtain a clearer idea of this matter, take

a quantity of wool, and place one lock or fleece
of it upon the ground, that fleece will be of its
natural bulk. If upon this fleece you lay ano-
ther, the upper one will be of its natural bulk ;
but the under one will be comprefled into leffer
dimenfions, by the weight of that which is upon
it.  If a third fleece be added, the under one
will be compreffed ftill more, and the fecond
will be in the fame ftate as that was juft before.
By adding continually to the pile, the under-
moft
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moft fleeces will be ftill more prefled upon by
the increafed weight of thofe above, and there-
fore be forced into {till lefs dimenfions; and
thofe which are neareft to the bottom, will of
courfe fuffer the greateft compreflion.

If now you remove thefe fleeces one by one,
thofe which fucceflively become uppermoft will
recover their natural bulk, and the preflure
upon the under ones will alfo become lefs in
proportion. When they are all removed, that
which was undermoft will alfo recover its natural
dimenfion, or return to the fame {tate as before
the experiment,

The air above prefles on that. which is be-
neath, in like manner as hath been fhewn with
regard to the fleeces of wool. The uppermoft
air 1s expanded into its natural bulk, and that be-
neath is continually more and more comprefled
by the weight of that which is above, till we
arrive at the earth’s furface, where the compref-

fion is greateft of all,

From hence it appears, that if a bladder be
filled with the air at the top of the atmoiphere,
and brought down from thence towards the
earth, it will, on account of the continual in-
creafe of compreflion, be forced into lefs and lefs
dimenfions ; and the bladder will therefore ap-

pear to become more and more empty,
| B fEe Alfa



38 CHEMISTRY.,.

Alfo if a bladder almoft empty of air, fuch as
it is at the bottom of the atmofphere, be carried
upwards, it will fwell in proportion to the af¢ent,
becaufe a lefs weight is incumbent on it than be-
fore. You may prove both thefe cafes by carrying
a bladder not full blown, from the bottom to the
top of an high mountain, for it will be larger
when you arrive at the top ; and on the contrary,
if you fill the bladder at the top of the moun-
tain, it will appear to be partly empty when
you defcend to the bottom. Thus the bottom
fleece of wool, if removed higher to the top, will
enlarge its dimenfions ; but if one of the middle

fleeces be placed at the bottom, its dimenfions
will become lefs,

If you weigh a bladder partly emptied of air,
and then by means of heat, or the air-pump
caufe the air in it to fwell or expand, it will not
weigh heavier than it did before : for the quan-
tity of air which the bladder contained, was the
fame when it appeared full as when it feemed
partly empty. Thus, a fleece of wool in its

atural ftate does not weigh heavier than when
fqueezed or twilted up into an hard ball, the
quantity of wool f_'?t-“bt'ing the fame in both
cafes. |

From hence alfo it is plain, that if a bladder
be filled with air as it is in its expanded ftate at
the top of the atmofphere, it will not weigh fo

heavy
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feavy as if filled with air at the bottom, becaufe
in the latter cale a greater quantity of air is con-
tained in the fame bulk. Thus the fame blad-
der filled with wool put in lightly, will weigh
lighter than if filled with waqol in agomprefled
ftate. Alfo if the bladder be filled with air, any
where in the middle of the atmofphere, it will
weigh heavier than if filled at the top, and lighter
than if filled at the bottom; for reafons which
will be obvious from what has been faid.

- When the fame quantity of air is expanded
into a greater bulk, it 1s faid to be rare, rarefied,
expanded, or to have a lefs fpecific gravity. When
comprefled into leffer dimenfions, it is faid to be
denfe, condenfed, or to have a greater [pecific gra-
vity, agreeable to what was faid on thefe points in
the definitions.

From this general account of the ftruture of
the atmofphere we may be enabled te reafon con-
cerning its preflure.

I fhewed before that the air is beavy; and
the comprefled ftate of"the air near the earth
has alfo been fhewn to be an effect of this pro-
perty. Imagine a fquare to be drawn on the
ground which meafures every way a foot, and
{uppofe a column of air of the fame dimenfion
with this fquare, reaching from the ground
1o the top of the atmmofphere, it is demon-
ftrated by philofophers that it would weigh

D 4 2000
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2000 pounds. The whole furface of the earth
contains §547800000000000 of fuch fquare
feet, and therefore the preflure or weight of
the whole atmofphere on the earth’s furface is
11095600Qpogpogpoony pounds. The furface
of the humapybody contains about 14 fquare
feet, the ir thref'{}rc prefles on 1t with a weight
equal tg 28000 pounds; and in like manner it
prefles on other bodies, accarding to the quan-
tity of their furface. This preflure however is
not ufually fenfible, becaufe the air contained in
bodies, and compreffed by that weight, equally
refifts it by jts elaftic force. Thus, a fteel
{pring bent with a four pound weight refifts
any farther flexion by that weight. But if the
fpring fhould happen to be weakened, the
weight would then bend it more ; if it fhould be
ftrengthened, 1ts flexion would on the con-
trary be lefs. In like manner, if the refiftance
of the air contained in bodies, becomes either
greater or lefs than the preflure of the atmo-
fphere on them, the fuperiar or inferior force
of that preflure would then become manifeft.
We muft however except thofe badies which
are of fo firm or rigid a texture as not to be in-
fluenced by thefe circumftances. Thus air may
be very much rarefied or condenfed in clofe me-
tallic or other veflels ; and thefe vefiels will not
manifeft any figns either of contraction or ex-
panfion : tho’ even thefe will be burft by air,
when f{ufficiently condenfed in them,

In
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Tn the veflel covered with bladder, before de-
fcribed, we find that the internal and external
air prefs equally againft the bladder, and there-
fore its {urface remains level with the brim of
the veffel. If the bottom of the veflel be
warmed, fo as to heat the included air, and
thereby increafe its elafticity, the bladder is
driven upwards ; which argues that the refiftance
of the included air is become greater than the
preflure of the external. t

On the contrary, if we place the veffel in a
mixture of falt and fhow, fo that the internal
air may be cooled, and its fpring weakened, the
bladder will be driven 'downwards, a proof that
the preflure of the external is become greater
than the refiftance of the internal air,

If this vefiel be put under an air-pump, and,
by means of a hole properly contrived, the air
which it contains be drawn out, there is faid to
be a vacunn made in it, by reafon that it is empty
of all fenfible matter. The refiftance within the
veffel, to the external air, is therefore entirely
deftroyed, and the preffure of the latter will be
feen to be fo powerful, that it will break the
bladder and ruth into the veflel with a great noife,
i order to fill up the vacuum,

If part of the air be fucked out from a vial,

the refiftance of the internal air will be lefs than
the
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the preflure of the external ; or to {peak in the
language of philofophy, a partial, or imperfect
vacuum will be made init. The lip therefore
will be prefled into the vial by the external air,

nor can they be feparated without fome force,
and then the air rufhes in to fill up the vacuum.

If the pifton of a fyringe be withdrawn, a
partial vacuum will be made; and the air will
rufth in at the orifice of the pipe as faft as pof-
fible, to reftore the equilibrium; or if the pipe
be placed in water, the preflure of the air on
the furface of that liquid will drive the water
into the fyringe.

But the prefiure of the air is in no inftance
more cenfpicuous than in the barometer. If a
flender glafs tube, a yard in length, be filled
with quickf{ilver, then turned upfide down, with
the open end in a bafen of that metal, the quick-
filver will run out of the tube into the bafon,
till it has funk about five or fix inches, but after
that it ceafes to flow. For it 1s fupported at the
height of about thirty inches by the preflure of
the air ; and this is the method by which we know
the exact weight of a column of air, reaching
from the bottom to the top of the atmofphere ;
for the quickfilver is fupported in the tube, by
the refiftance or preflure of a column of air, equal
in diameter to that of the quickfilver, and reach-
ing from the mouth of the tube (or, which is the

~ fame




CHEMISTRY. 43

fame thing in effe®, the furface of the mercury
in the bafon) to the upper part of the atmoiphere,
and therefore the weight of fuch a column of air
is exactly equal to the weight of the quickfilver
in the tube, above the furface of that in the bafon,
they precifely balancing each other; and if the
tube be a fquare foot in width, the weight of
the mercury, and in courfe that of the air, will
be at leaft two thoufand pounds, as mentioned
before.

But the atmofphere is not always of the fame
height in the fame place; or, in other words, a
column of air of the fame diameter, does not
always weigh exactly the {fame. For the atmo-
fphere, like the fea, is fubject to fluxes and per-
turbations, which will therefore caufe it to be
higher, and heavier at fome parts of the earth
than at others; and, at different times, in the
fame place. Thus, fometimes the quickfilver
is fupported at the height of about thirty inches,
at other times only at twenty-eight, and at others
fomewhere between thefe ; and the ufe of the
barometer is to thew, by the height of the quick-
filver, the weight of the air. But another ufe of
the barometer 1s, to fhew the ftate of the wea-
ther with refpect to rain. 'When the air is hea-
vier, it is alfo denfer in courfe ; and therefore the
clouds will be borne up higher, and prevented
from falling ; hence the weather is at thofe times
fair. But, when the atmofphere is lighter, the

clouds
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clouds are fuffered to defcend to the earth, and
then we have rain, fhow, &c.

It may be proper to obferve, that the air does
not prefs dire¢tly downwards only, but every way
alike. 'Thus, if a vacuum be made in a veffel,
and its mouth be held downwards, the air will
prefs on, and rufh into it as well as if its mouth
were upwards. For eyery part of the air at the
bottom being prefled by that above, wherever
there is a vacuity, the air around, in confequence
of the prefiure, will rufh thither, and thereby
reftore the equilibrium.

The atmofphere is always moift in a greater
or lefs degree, from the quantity of aqueous va-
pour which it contains. Thus, if you expofe fale
of tartar to the air, it will in a little time attract
fo much water from it, as to make it liquid ; and
it will be diffolved in greater or lefs time, accord-
ing as the air happens to be more or lefs moit.
The hygrometer, or inftrument for meafuring the
moifture of the air, is conftruéted on this princi-
ple. An oat beard, when the air is dry, is twift-
ed up, and therefore thorter ; but when the air is
moift, it is relaxed, or untwifted, becaufe of its at-
tra¢ting that moifture; and the length which it
acquires in confequence thereof, indicates the de-
gree of the moifture of the air. Several other
methods have likewife been devifed for meafuring
the moifture of the air,

The
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The air has alfo a power of diffolving bodies

in the manner of a menftruum, according to the
prefent philofophy. If a falt of any kind be
put into water, the water will diffolve it; and
the folution will be haftened by agitation and
heat. In like manner, if water be expofed to
air, the air diffolves it, and if the air be hot,
and the water agitated by wind, or any other
caufe, the folution takes place the fooner. Water
when hot will diffolve a greater quantity of a falt
than it can retain when cold ; and hence it cryf-
tallizes. In like manner air, in a hot {ummer’s
day, diffolves a large quantity of water, which
it depofits 1n the night, or when cold, in the form
of dew. Vegetable, animal, dnd moft other fub-
ftances, are likewife capable of being diffolved
by air. Thus, the flefh of a dead animal, expofed
to the air, will, in time, entirely difappear *.

For thefe reafons, and alfo on account of the

fteams and exhalations which are continually
nﬁng

* Some philofophers deny this folvent power of the air. But
T have found that, by fhaking air with water, fo that part of the
water may be mixed with the air, co/d is produced; which, as
will be feen in a future chapter, is a fign of the air having
diffolved part of the water : for the cafe is the fame when falts
diffolve in water. I tried the fame with fpirit of wine ; and cold
was produced in the air, though lefs than when water was em-
ployed. Moift air is likewife rarer than dry, which is another
fign of the folution of the water in the air. Water, however, is
alfo diffufed through air tithout a proper folution of it. Some
chemical folutions caufe heat: fo does that of phlogilton in air.
Thefe falls fhew that folutions in air, are perfe&ly analogous to
hemigal fylutions in liquids,
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rifing into the atmofphere, from the bowels of
the earth, it is plain that air, any more than
water or earth, cannot be obtained pure; and
it 1s alfo evident, that on account of the various
natures of thefe exhalations, and of the winds
which bring them from different parts, the air
will be adulterated in a different manner, not
only at different parts of the earth, according to
the nature of the foil, but likewife, at different
times, in the fame part.

When air is rarefied in any particular part of
the atmofphere, by heat, or otherwife, the air
around will flow towards that part, to reftore the
equilibrium ; and this motion or flux of the air
we call wind.

The effects of air, in its different ftates, on
the body, will be confidered in a future and more
proper place,

CHAPTER
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COF A" P OSSN,

OF THE DIFFERENT KINDS OF AIR.

I LI, within thefe few years paft, philofo-

phers had no i1dea of any more than one
kind of air. They confidered it as an element ;
and whatever differences they found in air, in
different circumftances, they imputed entirely to
the admixture of foreign matters, from which the
air was capable of being obtained in the fame
pure ftate as before. They reafoned about air
then in the fame manner as we do now concern-
ing water. The induftry of philofophers, how-
~ ever, has fet us right in thefe matters.

I.

" OF COMMON AIR.

There are certain procefles in chemiftry, which
the later writers on that art term phlogifiic. Thus,
combuflion, or the burning of bodies, is a phlo-
giftic procefs ; fo likewife are refpiration, and
fome others. The theory of thefe proceffes will
be explained more at large in a future chapter.
The effect only, will be fufficient to-illuftrate the
fubject in hand.

If a candle be burnt, or an animal breathes,
in a given quantity of air, it is well known that

the one will foon be extinguifhed, and the other
- die.
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die. Thefe effects will happen fooner, accord-
ing as the quantity of air is lefs, The faéts may
cafily be proved, by putting the candle, and the
animal, in glafs veflels, of proper fizes; filled
with common air.

The effe€t which thefe proceffes have.on air,

1s to dimmnifh.it in bulk. If we fix a lighted
candle into an inverted glafs receiver, and im-
mediately place its mouth in water, we find,
that when the candle is extinguifhed, and the
air in the receiver cool, the water will rife up
into the neck of the veffel, higher than it did at
the beginmning of the procefs, and therefore the
air is dimninifhed.

If an animal be put into the veffel, and fuf-
fered to remain there till it expires, the air will
be ftill further diminithed, than by the burning
candle. But when the diminution of air, by tliefe
proceffes has proceeded to a certain degree, it
cannot be carried any farther.

The caufe of this diminution is phlogifton ;
which 1s imparted to the air by the candle, and
the animal, in thofe proceffes. The air attrats
the phlogifton by means of a fuperior affinity,
as will hereafter be thewn ; and on this principle
combuflion, &c. depend. When air becomes
faturated with phlogifton, it is incapable of im-
bibing more. It can therefore be no farther

' diminithed ;
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diminifhed ; and is no longer fit for fupporting
animal life, or for other phlogiftic procefles.

From hence it appears, that with refpect to
refpiration, &c. air may be confidered as better,
or more pure, in proportion as it is freer from
phlogifton. We fhall confider this fubject again,
under the article of dephlogiflicated air,

2.
OF PHLOGISTICATED AIR.

Air which has been injured by refpiration,
combuftion, &c. in the manner already defcribed,
is thus called. If air be fully faturated with
phlogifton by thofe procefles, it is faid to be
completely #oxious. A candle is inftantly extin-
guifhed, and animals prefently die in thisair. But
we fhall have occafion to fpeak of it further in the
following article.

2.
OF DEPHLOGISTICATED AIR.
It has long been known that nitre is capable
of maintaining the combuftion of inflammable
bodies, as well as air.

Ifi lighted charcoal be placed in proper expo-
{ure to air, it will continue to burn till the whole
1s reduced to afthes.

If nitre be mixed with charcoal, and the pow-
der, already kindled, be put into a clofe vefiel,
E the
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the combuftion will be as complete as if the
charcoal had been expofed to the open air:
though without the affiftance of the nitre, the
charcoal would prefently have been extinguifhed
1n that confined fituation. Nitre, therefore, has
the fame effect in this procefs as air.

The reafon of this was not known till lately.
But Dr. Prieftley has found that by means of
heat, air may be expelled from nitre, of the fame
nature with that of the atmofphere, but much
more pure. A candle will burn, and animals
live in it, four or five times as long: and there-
fore it is freer from phlogifton than common
a1l

When nitre is burnt with a combuftible body,
a quantity of air is fet at liberty, and refumes its
elaftic or expanfive ftate. This is the dephlo-
gifticated air above fpoken of, combined with
the phlogifton of the inflammable fubftance.
The explofions of gunpowder, and other nitrous
mixtures, depend on this air.

Nitre is not the only fubftance from which
dephlogifticated air may be extralted. It may
be obtained from many other bodies, merel}r by
héat. But different {ubftances yield it in diffe-
rent proportions ; and it is alfo more pure, when
obtained from fome bodies than from others.

5 After,
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‘After minium has yielded as much of this air
as it will by heat, if fpirit of nitre be added, a
freth quantity may be procured. If more fpirit
of nitre be added to the remaining calx, there
will be a ftill further yield; and the operation
may be continued, with the like refult, as long
as any of the minium remains. And there is
no earthy fubftance from which this kind of air
may not be obtained by a like treatment.

But the vitriolic acid anfwers this purpofe as
well as the nitrous; and from every earthy fub-
ftance on which that acid can adt, dephlogtfticated
air may be obtained.

As this air is fo much purer than common
air, there i1s reafon to hope that great benefit
will accrue to mankind by the medicinal ufe of it,
in diforders where the phlogiftic principle abounds
in the conftitution, by breathing it inftead
of common air. It has already been prefcribed
in thofe cafes, with good effect. In combuf-
tion alfo, it may be employed to advantage. If
a fire be blown with this air, the heat is pro-
digioufly more intenfe than when common air

is employed.

It appears by fome late difcoveries, that the
common air of the atmofphere is compofed of
dephlogifticated and phlogifticated airs mixed
together, the latter being in by far the greateft

L O proportion.
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proportion. When phlogifton is added to airy
it 15 combined only with the dephlogifticated
part, which it converts either into fixed air, or
water, according to circumftances. And as
both fixed air, and water, are denfer than the air
of the atmofphere, hence the dimininution of air
by phlogiftication. Common air therefore, in
refpect to purity, may be confidered as in a

mean between phlogifticated, and dephlogifticat-
ed airs.

As the atmofphere is conftantly expofed to
animal refpiration, combuftion, putrefation, and
a variety of other phlogiftic proceffes, it muft
be continually receiving injury; and therefore
if there were no contrivance in nature for puri-
fying it, it would longw@efore now have been
tendered unfit for thefe procefles. Animals
could not hve, nor could fires exift in it. But
Dr. Prieftley has difcovered, that air thus ren-
dered noxious, is purified by vegetables growing
in it. And by profecuting that difcovery, he has
found that they perform that falutary effeét by
means of the fun’s light. If a plant grows in the
thade, it rather injures the air ; butif it be placed
in the light of the fun, it purifies the air in a fur-
prifing degree, mending it out of all proportion
beyond the injury it does to it in the fhade *,

Animals and vegetables therefore counteract
each other’s effe@s in this particular; and hence is

difcovered.

* See alfo Dr. Ingenhoufz's treatife on this curious fubje&.
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difcovered to us an ufe of the yegetable creation,
which mere reafon could never have led us to

{ufpect.

4,
OF NITROUS AIR,

If fpirit of nitre be added to iron, or any
other phlogifticated fubftance which it can dif-
folve, there will fly off from it, during the fo-
lution, an elaftic vapour ; which being caught
in proper veflels, is what is ufually called #i-
trous air.

If this air be mixed with common air, a con-
fiderable degree of heat fucceeds, together with
a turbid rednefs, and diminution of their bulk.
The latter circumfitance has been happily ap-
plied by Dr. Prieftley to a very ufeful and im-
portant purpofe.

He found that the diminution was greater,
in proportion to the purity of the common air
employed ; and hence has eftablithed a teft of
the goodnefs of air, or the degree in which it is
proper for refpiration, &c. Inftruments are now
ufed for this purpofe, as thermometers are for
difcovering the temperature of bodies; they
are called eudiometers.,

If common air be diminithed as far as it is
capable of, or rendered perfeétly noxious, nitrous
air has no effe¢t on it ; neither does it diminifh
any other kind of air, but common air not com-
pletely phlogifticated.

il B3 Nitrous
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Nitrous air confifts of nitrous acid, and phlo-
gifton. The air takes the latter ingredient from
the acid, and thereby becomes diminithed, in
the fame manner as when it is phlogifticated by
the procefifes of combuftion and refpiration ;
the manner of which has already been defcribed.
The turbid rednefs is owing to the nitrous acid,
now feparated from the phlogifton, and appear-
ing in its ufual form of red fumes.

- Nitrous air has alfo the property of preferving
fubftances kept in it from putrefaétion ; but it is
totally unfit for refpiration, animals prefently
dying 1n it,

5.

OF INFLAMMABLE AIR.

If iron be diffolved in the vitriolic or marine
acids, an elaftic vapour arifes, which being
mixed with common air, takes fire at the flame
of a candle, and therefore is called inflammable
air,

This kind of air may likewife be produced by
putrefaction, and a variety of other methods ;
and is fomg¢times found ready formed. Thus,
-when coal mines take fire, it 1s owing to a quan-
ity of inflammable air exhaled from the mineral
fubftances, and mixing with the common air in
the mine. It is unfit for refpiration, &c. and is

fuppafed
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I'Lllppoi"ed by Mr. Kirwan, to be phlogifton in
an elaftic ftate.

6.

OF ALCALINE AIR.

If heat be applied to the cauftic fpirit of fal
ammoniac, the volatile alcali will be expelled
from the water with which it was combined, and
fly off in the form of a permanently elaftic va-
- pour. This may be proved by the following
elegant experiment.

Fix a flender glafs tube properly bent, into a
vial containing the {pirit; then fill a large vial
with quickfilver, which let an affiftant hold in-
verted in a bafon of the fame metal. IL.et the
tube pafs through the mouth of this inverted
vial ; apply the flame of a candle to the vial
containing the alcaly, the wvapour will pafs
through the tube into the inverted vial, and be
collected in its upper part; driving the quick-
filver downwards, in proportion as it accumu-
lates. 'The vapour, however, will not condenfe .
into a liquid, but remain in an elaftic {tate, like
common air.

Quickfilver has no aftion on this air, which
is the reafon that it is employed in the experi-
ment.” But if water be introduced, the air is
prefently abforbed by it; and in confequence

E 4 thereof,
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thereof, the quickfilver rifes in the vial, and
nothing is to be feen but quickfilver and water.
The water thus impregnated becomes fpirit of
Jal ammoniac.

By impregnating water with this fpecies of
air, a cauftic liquid volatile alcali may be formed,
as ftrong as that diftilled from fal ammoniac
with quicklime; fo that the latter preparation
1s nothing but water impregnated with alaline
air.

Other particulars of this air may be collected
from the following articles.

The fixed alcali cannot be expelled in a per-
manently elaftic form.

7
OF MARINE ACID AIR.

The acid of fpirit of falt may be obtained
{eparate from the water, in the form of air, in the
fame manner as was fhewn with regard to the
volatile alcali, and by the fame means. It is alfa
as readily abforbed by water.

But it is remarkable, that the marine acid, in
the form of air, is much ftronger than in its ufual
ftate of combination with water. For whereas
before it was the weakeft, it is now the ftrongeft

of the three mineral acids; for it difengages
both
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both the nitrous and vitriolic, from their refpecs
tive bafes.

Water fully impregnated with this air, forms
likewife a fpirit of falt ftronger than that ob-
tained by diftillation ; and an aqua regia much
more powerful than the common, may be made
by a proper admixture of this air with fpirit of
nitre.

If this air, and the alcaline air before de-
fcribed, be mixed, an union is immediately
formed between them; they lofe their elaftic,
or airy form, and condenfe into white powder ;
which if collected, will fcarce occupy the thou-
fandth part of the fpace which the ingredients
pofiefled before. This powder is common Jal
amimaoniac,

8.
VITRIOLIC ACID AIR.

The volatile vitriolic acid may be feparated
from the water with which it is combined, and
exhibited in the form of air, like the marine
acid, and volatile alcali. And water impreg-
nated with this air appears to be the fame with
the common aqua fulphurata.

9-
OF SULPHUREOUS AIR.

If an acid be added to liver of fulphur, 2 kind

of air will arife, which may be called fulpbureons
air. |

By
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By impregnating water with this air, the ful-
phureous waters may be imitated, in the fame
manner as the acidulous ones may by irnpreg-
nating water with fixed air,

10.

OF FIXED AIR, Or AERIAL ACID.

If lemon juice be added to falt of wormwood,
it is well known that an effervefcence happens,
becaufe there 1s extricated from the falt a large

quantity of air.

This air, before the addition of the acid, was
combined with the alcali; that is, the particles
of air were attralted by thofe of the alcali fo
ftrongly, that they ftuck firmly together. In
this cafe, therefore, the air appeared to have en-
tirely loft its elafticity, and exifted in a folid or
fixed ftate, whence it came to be called fixed air.
The term, however, is equally applicable to the
other kinds of air already fpoken of, and for
the fame reafons. But as this happened to be
the firlt in which this property was difcovered,
the appellation was applied to it; and has been
continued ever fince. Experiments fhew, that
as much air was contained in the alcali in this
fixed or coherent form, as would occupy a fpace

fome.
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fome hundreds of times greater, when reftored ta
its elafticity.

The acid has the property of freeing this air
from its combination with the alcali. For the
alcali attracting it ftill more powerfully than it
does the air, unites therewith; letting go the
latter ingredient, which then immediately re-
fumes its elaftic or expanfive ftate. In its efcape
through the liquid, it caufeth the effervelcence,
or bubbling, in like manner as would be oc-
cafioned by air blown through {lender tubes, in-
ferted in the bottom of the veflel.

This air may alfo be obrained by mixing any
acid with any mild alcali, or abforbent earth.
And it may likewife be expelled from the laft-
mentioned fubftances by heat: thus, quicklime
is chalk, or lime-ftone, deprived of its fixed air.

A large quantity of this air is extricated from
vinous liquids, and other {fubftances, while in a
{tate of fermentation.

When vegetable and fome other fubftances
are diftilled, a great quantity of fixed air is ex-
pelled merely by heat, with the water, and
other volatile principles of thofe bodies. This
part of the produ¢t had not ufually been con-
fidered by chemifts ; whereas now, it appears to
be an important principle of bodies,

Almoft
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Almoft half the weight of marble, for ex-
ample, is fixed air. The other ingredient is cal-
careous earth, or quicklime, By means of this
air the particles of the earth are, by means of a
little water, united into that firm fubftance ; for
when deprived of that principle, it crumbles
into duft.

When we firft fee hartthorn diftilled, we are
aftonifhed at the quantity of liquid obtained
from fo dry a fubftance. It was partly by means
of the fixed air that this water, with the other
principles, were united into that firm body.
Vegetable, and animal fubftances, deprived of
this air, are more difpofed to putrify ; their other
principles becoming more eafily diffipable.

If fixed air be mixed with alcaline air, they
form the mild volatile alcali,., Without the
fixed air, the volatile alcali cannot be obtained
in a folid form,

Lime-water impregnated with this air, imme-
diately becomes turbid; and a white powder
precipitates. Hence it is ufed as a teft to dif-
cover the prefence of this kind of air. The air
uniting with the lime, renders 1t muld, and na
longer foluble in the water.

Water imbibes this air ; and thereby becomes
artificial Pyrmons water. Water, thus impreg-
nated,
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nated, is capable of diffolving iron, camphire,
and fome other fubftances, which it could not
do befcre.

Fixed air has been fuccefsfully applied to me-
dical purpofes, as an antifeptic; and in fome
other intentions. For though it will not ferve for
refpiration, it is not hurtful when taken into the
fyftem ; on the contrary, experience proves it to
be very falutary.

Fixed air a&ts on alcalis as an acid of the

weakeft kind, and thence is juftly called by the
;ingenimts Mr. Bewly, and Profeflor Bergman,
an acid. Hence mild alcalis may be confidered
as a kind of neutral falts.

For many other curious particulars refpecting
the different kinds of air, the reader is referred
to Dr. Prieftley’s juftly admired publications on
thefe fubjefts. To that philofopher the world
is indebted for almoft the whole of what is known
concerning them.

Thefe are the principal {ubftances, yet known,
capable of exifting in a permanently elaftic ftate,
in the common temperature of the atmofphere.
But it may be obferved, that many other bodies
are capable of being turned into air by a fuffi-
cient heat. Thus, the bubbles of boiling water
ar¢ water converted into an elaftic fluid, which

may

-
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may therefore be called agueous air. But this,
when the heat fufficiently abates, lofes its elaf-
tic ftate, and returns into the form of water.
The like may be obferved of fpirit of wine,
oil, quickfilver, &c. In the Introduétion; it
was obferved, that bodies may, for the moft
part, exift in three different ftates; a folid, fluid,
and an elaftic one: but that bodies of various
kinds require different degrees of heat for thefe
purpofes. Thus, an heat lefs than the loweft
degree that we can produce, is fufficient for

the formation of common air. Water requires.

a greater heat for that purpofe than the ufual
temperature of the atmofphere ; and earths can-
not be made fo by the moft violent of our

fires.

CHAP-

— e et el —
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CHH AP SREbEgle Y 1

OF PHLOGISTON, AND ITS COMBINATIONS.

HIS principle has a very extenfive ufe

in nature, and feems to be of the ut-
moft importance. We cannot indeed obtain it
in a feparate grofs or denfe form, like alcalis
and earths *; but we can transfer it:from one
body to another, which is fufficient for chemical
purpofes. Thus, if powdered charcoal be mixed
with the calx of lead, and placed in a proper
veflel, over a fire fufficiently ftrong, the phlo-
gifton will quit the charcoal, to combine with
the calx, by which it is more powerfully at-
tracted ; and which will thereby be formed into
Tead.

Thus again, phofphorus is a combination of
phlogifton with the phofphoric acid. But if the
pholphorus be expofed to the air, its phlogifton
will leave the acid, and combine with the de-
phlogifticated part of the air, by which it-is more
ftrongly attracted,

The

* Inflammable air is thought te be either phlogiften alene, or
phlogifton combined with water,
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The fufibility of bodies is promoted by their
combination with this principle. Thus, minium
is very difficult of fufion; but lead melts with

much lefs heat. It alfo caufeth bodies to be more
duétile or malleable than before.

I fhall have occafion to fpeak of this prin-
ciple in future; and at prefent fhall only con-
fider thofe bodies of which it forms a confti-
tuent part.

1.

OF METALS.

Metals are divided into perfect, imperfet,
and femi-metals. The perfect metals are, gold,
filver, and platina. 'They are {o termed, becaufe
they remain unaltdred in the fire. The only
effe& that the heat of our furnaces has on them
is, to render them fluid. When the heat is re-
moved, they return to their folid ftate, without
having fuffered any change ecither in their pro-
perties, or weight.

The imperfect metals are, copper, iroa, lead,
tin, and quickfilver *. They differ from the per-
fet metals in being calcinable by heat; or in

being

* Quickfilver has lately been thought to be a perfeft metal 3.
the mercurius calcinaius being reduced by heat alone,




C'HEMIS TR Y. 65

being changed thereby from metals, into mere
calces or earths.

The femi-metals are zinc, regulus of antimony,
nickel, &c.

In the calcination of metals, one of the ingre-
dients, the phlogifton, is taken from them by the
air; in lieu of which, they ufually attract fixed
air, or fome other, from the atmofphere ; and
hence the calx is found to be heavier than the
metal before calcination.

.

Metals are alfo converted into calces by thofe
acids which are capable of diffolving them. For
their phlogifton efcapes, and only the calces re-
main with the acids.

The calces of metals are, like other earths,
convertible into glafs. But this is not the cafe
with the metals themfelves. Metals are the moft
ponderous of all known bodies.

‘The phlogifton of all metals is exactly the
fame ; and therefore the difference in them is
~owing entirely to the nature of their calces :
thofe differences are fufficient to diftinguith the
metals from each other. Thus, phlogifton,
united with the calx of

E COoLD,
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GOLD,

Forms a metal whofe fpecific gravity fs
nineteen times greater than that of water; and
the only acid in which it can be diffolved, is
aqua regia, Its colour is yellow, and it is
unalterable by the heat of our furnaces. With
the calx of

PLATINA,

It compofes a metal which refembles gold
in its fpecific gravity, perfeétnefs, and folubi-
lity in aqua regia: but differs from it in co-
lour, and in being infufible by the fires of
our furnaces; whereas gold is fufible. With
the calx of

SILVER,

It forms a metal, which, like gold, is inde-
ftruétible by the heat of our fires, but has
fmuch lefs fpecific gravity, and is foluble in the
nitrous acid. With the calx of

COPPER,

It forms a metal calcinable by heat; of a red-
difh colour; not fufible but in a great heat; and
foluble in all the acids. With calx of

LEAD,




LEAD,

A metal is formed by it, fufible in a mode-
rate heat, and not difficultly calcinable. It is
the fofteft of all metals, and alfo the heavieft,
excepting gold, platina, and quickfilver. With
calx of

IRON,

A metal is formed capable of being attracted
by the load-ftone ; which requires the moft in-
tenfe heat to fufe it ; is foluble in all acids and

alcalis ; is the leaft malleable, and moft elaftic
of all metals ; and which rufts on expofure to
moift air. With calx of

TIN,

It forms a metal the lighteft of all others, and
the moft fufible except mercury ; the fofteft
next to lead ; and which, when pure, crackles
on being bent. With calx of

MERCURY,

It forms a metal the heavieft of all the imper-
fet ones ; volatile by heat; and which remains
fluid in the common temperature of the atmo-
{phere. With calx of

| O ZINC,
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ZINC,

~ A femi-metal is compofed foluble in all acids,

and which may be fublimed in the form of flow-

ers. Its colour is a blueifh-white, and is com-
monly named Zutenag. With calx of

ANTIMONY,

It forms a femi-metal, foluble in aqua regia,
but not in other acids, or difficultly and imper-
fectly. It fublimes into flowers ; and when com-
bined with fulphur forms antimony.

T'he other femi-metals are alfo formed of phlo-
gifton, and the refpective calces. But different
calces require different proportions of that prin-
ciple, in order to their metallization.

I1.
O.F S UTL.PHIU.R.S.

Phlogifton properly combined with the vitri-
olic acid, becomes

I.
BRIMSTONE,

Or common fulpbur. If vitriolated ftartar,
Glauber’s falt, or other fubftance containing
vitriolic acid, be fufed with charcoal; the acid
of the former and the phlogifton of the latter,
will unite and form fulphur,

This

= -

-
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This fubftance eafily melts. It 1s neither fo-
luble in acids, water, nor fpirit of wine ; but
may be united with oils, and fome of the me-
tals; and alfo with alcaline falts and quicklime,
forming bepar fulphuris.

It is kindled with lefs heat than almoft any
other inflammable fubftance ; burns with a blue
flame, and fuffocating fmell. In this procefs
its phlogifton is attrated by the air, leaving
the acid behind in the form of vapour; and
which is the caufe of the fmell juft mentioned.
This again fhews that phlogifton and the vi-
triolic acid are the principles of which it is com-

pofed.
C
PHOSPHORUS,

It is compofed of phlogifton and the phof-
phoric acid, in the fame manner as brimftone is
compofed of phlogifton and the vitriolic acid; and
therefore muft be confidered as a fulphur.

Its principles feem to be lefs ftrongly united
than thofe of brimftone ; for the latter fubftance
requires to be heated in order to make it inflame;
but phofphorus parts with its phlogifton to air,
without the affiftance of heat; and hence it is
that it kindles on being expofed to the air.

F 3 After
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"After combuftion, its acid remains behind in
a folid ftate; in which refpeét likewife it differs
from brimftone. A fmell of garlic is perceived
while it is burning, i

Nitrous air may alfo be confidered as a nitrous
Sulpbur. ' '

T11.
QE €0 AL

By coal 1s meant any oily fubftance burnt to
blacknefs : as the coal of wood, charcoal, and
the like. It may be confidered as a combina-
tion of phlogifton, with either animal or vegeta-
ble earth. If it be deprived of the former in-
gredient by combuftion, the earth remains be-

hind. When much heared, and then left to
cool, it abforbs air. ' TR

W
Q@ E. @ ILS
Oil, fimply confidered, is probably a combi-
nation of phlogifton, with an acid, earth, and
water, SRR L | X

Oils are inflammable, and burn with a foot,
leaving alfo a coaly matter behind, unlefs it be
carried off in the vapour. They are not ufually
mifcible in water ; but either fwim above it, or
fink to the bottom, according to their fpecific

gravity.

!
T e e -
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gravity. The fubftances with which they are
accidentally combined make a confiderable va-
riety in them. And, as their properties are dif-
ferent, we fhall, as in the cafe of earths, confider
them as diftinct fubftances.

I.

EXPRESSED VEGETABLE OILS,

As oils of almonds, olives, &c. When pure
they have little or no tafte or fmell, and are
{foft and bland ; they neither mix with water,
nor fpirit of wine,

With cauftic fixed alcaline falts they form
common foap ; they diffolve fulphur, and calx
of lead ; and unite with effential oils. They alfo
{wim in water.

2.

ESSENTIAL VEGETABLE OILS,

Or thofe obtained by diftilling vegetables ;
as lavender - flowers, caraway-feeds, &c. with
water.

They diffolve in {pirit of wine, and produce
cold thereby. They unite with water by diftil-
lation; and hence the fmell and other proper-
ties of diftilled fimple waters. They have the
fmell and tafte of the fubjeéts from which they
were drawn,

F 4 They
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They form volatile foaps with the volatle,
and thofe called philofophical with fixed alcalis.
When they are in a dry or folid ftate, they are
called

3
RESINS,

Thus, refin of jalap, of guaiacum, &c. may
be confidered in this light; as may alfo cam-
phire. They agree with effential oils, in their
being foluble in fpirit of wine, not in water;
and in feveral other properties. '

4.
ANIMAL FATS.

Their properties are very fimilar to thofe of
expreffed vegetable oils. They differ from them
chiefly in being ufually in a folid ftate ; whereas
the others are moft commonly fluid.

There are other diverfities in oils ; as the em-
pyreumatic oils of animals and vegetables ; arif-
ing from their being partly decompofed by the
fire; foffil oils; and the fubftances refin, wax,
&c. But for accounts of thefe, authors on the

. materia medica, and practical chemiftry, may be
confulted, a particular enumeration of them not
being neceflary to a work of this nature,

V. VINOUS

|
|

PRI T e
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b £
VIN-OUS SPIRIT,

It feems to be compofed of acid, phlogifton,
and water. It burns without foot, or coal.

It mixes with water. It diffolves efiential,
but not exprefled oils ; refins are alfo diffolved
by it.

It is eafily inflammable ; and its capacity for
containing fire is greater than that of oils. It
alfo burns with a weaker flame.

It coagulates animal fluids ; is very volatile;
and, excepting @ther, is one of the lighteft of
liquids.

VL
ZTHER.

It is produced by diftilling pure vinous {pirit
awith a concentrated acid.

It 1s the lighteft of all known liquids. It nei-
ther unites with vinous fpirit, acid, nor alcali,
but diffolves effential oils and refins. It unites,
in a very fmall proportion, with water.

Befides the fubftances already mentioned, phlo-
gifton enters more or lefs into the compolfition

7 of
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of all bodies, though in lefs proportion, or elfe
in a lefs obvious manner than in thofe {peci-
fied. But thefe are fufficient to fthew the great
importance of this principle, and in fome mea-
fure its nature. For it is abfolutely neceffary
to the formation of inflammable matters; and
of courfe to vegetable, animal, and other bo-
dies, into the compofition of which inflam-
mable fubftances are known to enter. It alfo
feems neceffary to the formation of air, and to
many other important purpofes in nature, which
jt 1s not neceflary at prefent to confider,

CHAPTER




CHEMISTRY. 75

CH AP RERNI

OF FIRE,

¥\ I R E is that fubtile principle which caufeth
heat. As heat is the moft obvious effect
of fire, I fhall firft difcourfe of it.

If the heat or warmth of any fubftance be
oreater than that of the part of an animal body
to which it is applied, it caufeth the fenfation
of heat in that part; if contrariwife, cold; but
if the heats be equal, neither of thefe fenfations
are caufed. Thus, if water be hotter than the
hand, it feels warm; if colder, cold; but if it
be of an equal heat with the hand, it neither
feels hot nor cold. The hand however is no
certain meafure of heat ; for if one hand be
hotter than the other, the fame water may at the
fame time feel hot to one hand, and cold to the
other. And, at different times, water of the
fame warmth may feel hot and cold even to the
fame hand.

Philofophers therefore have another, and more
accurate method of meafuring heat, which is by
the thermometer. When a body is hotter, the
fluid in -the thermometer applied to it rifes
higher ; and when colder, the fluid finks lower,

' ' and



26 CHEMISTRE

and a graduated fcale is affixed to the tube to
mark the degrees. A body therefore is not faid
to be hot, or cold; but only more or lefs hot *.
Ice, for example, has a lefs degree of heat than
boiling water. 'The heat of a body is alfo called
its temperature.

The moft general effet of heat on bodies, is
to expand them into greater dimenfions : there
is not a body yet known but what is thus af-
fected by heat. If a fmall quantity of air be
contained in a bladder, the application of heat
will expand it inte fo great a bulk, that the
bladder will be completely diftended. If fpirit
of wine be put into a long flender tube, and then
made hot, it will very confiderably expand ; and
if arod of iron, which can juft enter aring when
cold, be made red hot, it cannot then enter that
ring, becaufe it is expanded in bulk by heat.
All bodies therefore are expanded by heat;
and the only difference is, that fome are more
expanded than others, for reafons which will ap-
pear in the fequel,

On

* Bodies, though they do not appear hot to the fenfe, are in
reality very confliderably fo. It has been found, for example, that
they are r::p:ﬂ:lc of being cooled above 100 degrees below the
ufual heat of the hand. If therefore the ufual heat of the hand
were at that point, and a body which does not now feel warm
were applied to it, the heat would be almoft equal to that which
is now felt on putting the hand into boiling water. A very con-
fiderable quantity of fire therefore ig contained in bodies, when
at the common temperature of the atmofphere,

-

.
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On this principle the thermometer 1s formed.
A glafs tube is made, with a bulb at the bot-
tom, capable of holding a fufficient quantity of
quickfilver, or {pirit of wine. When heat is ap-
plied, the fluid in the bulb is expanded, and for
want of room makes its way up into the tube,
fo that the furface rifes higher. When a lefs
degree of heat is applied, the fluid in the bulb
is contratted, and therefore part of that which

- 1s 1n the tube will fink down into the bulb, its
furface becoming lower than before. The gra-
duated fcale indicates the difference, and there-
fore meafures the degree of heat.

If bodies are heated lefs than a certain de-
gree, they are folid ; if they are heated beyond
that, they are fluid; and if they are heated be-
yond a certain greater degree, they are rendered
elaftic, or turned into vapour or air, as was
mentioned before. Water, for example, when
it has only 32 degrees of heat, by Farenheit’s

‘ thermnmeter, is folid ; and it is folid in all de-
orees of heat below 32. When the heat is
greater, it melts, or becomes fluid. And when
the heat is boiling and beyond, it lofes its fluid
form and is turned into vapour, or elfe rendered
elaftic like air. The like happens to quick-
filver, with this difference, that quickfilver
lofes its folid form in a lefs degree of heat
than water; and yet does not become elaftic,
but with a greater heat. I.ead does not become

fluid,
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fluid, but with an heat greater than that which
would turn water into vapour; yet there is a
lefs number of degrees between its folid and
elaftic ftate, than in water. Gold does not be-
come fluid but with avery intenfe heat; and the
ftrongeft of our fires cannot turn it ifito vapour ;
and fome earths cannot even be rendered fluid
with the greateft heat that our furnaces can
give. On the other hand, fpirit of wine cannot
be rendered folid ; and air cannot even be
brought to a fluid ftate, by the moft intenfe cold
that we have yet been able to produce. Yet a
folid, fluid, and elaftic ftate, are with reafon con-
cluded to be proper to all thofe bodies, pro-
vided they were in the degrees of heat requifite
for thefe purpofes: The only difference betweer
bodies in this refpect feems to be, that no two of
them have their folid, fluid, and elaftic points at
the fame degrees of heat.

When bodies which differ in thefe refpects are
mixed together, they may therefore be feparated
from each other by proper applications of heat,
provided their particles do not too ftrongly co-
here ; but of this, and of the other chemical
ufes of heat, more will be faid on a future
occafion.

Fire has a tendency to diffufe itfelf over all
bodies, till they are of an equal degree of heat

or warmth ; and this equality of heat is called
the
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the comman temperature. ‘Thus,if ared hot bul-
let be placed upon three others which are cold,
the former will be continually lofing heat, and
the latter gaining ; but all of them will be con-
tinually lofing heat to the bodies around, till
they are all of the fame temperature.

If a pound of hot water be mixed with a
pound of cold, the heat of the water, after mix-
ture, will be in the mean between the heats of
the two portions before the mixture ; the cold
water will be heated half way to that of the hot,
and the hot water will be cooled half way to the
temperature of the cold.

If a pound of hot water, however, be mixed
with a pound of cold linfeed oil, the heat of the
mixture will be greater than the mean of their
two heats before mixture; and if, on the con-
trary, the water be cold, and the o1l hot, the heat
will be lefs than that mean. This is a very cu-
rious difference ; and the caufe of it may be un-
derftood from what follows.

If a pound of water be placed in a veflel in
a eertain degree of heat, and another pound in
a fimilar veflel in the fame heat, the heats which

they gain or lofe in the fame times will be
equal.

But if in one of the veflels be a pound of
water, and in the other a pound of linfeed oil,
the
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the oil will acquire a greater degree of heat, in
a given time, than the water; and the like dif-
ference is obfervable in their cooling. In other
words, the fame quantity of fire will heat the oil
more than the water; and the fame quantity of
fire taken from the oil, and from the water, will
cool the water lefs than the oil.

Half the fire contained in the hot water there-
fore, heated the oil more than it cooled the
water, and the heat after the , mixture was more
than the mean. On the contrary, half the fire
contained in the hot oil heated the water lefs than
it cooled the oil, and of courfe the heat after
mixture was lefs than the mean. And, as in the
cafes of expanfion, &c. {o in this, there are per-
haps no two fubftances exaltly alike in this
refpect.

Different bodies therefore have different
powers, or capacities for containing fire ; and
hence when they are at a common temperature,
or equally hot to the fenfe and the thermo-
meter, the proportions of that principle which
they contain, are unequal. The capacity of
linfeed oil, for example, is lefs than thac of
water ; and therefore when equally hot to the
fenfe, and the thermometer, contains lefs fire.
An equal proportion of that principle added to,
or fubtra&ed from, the water and the oil, ought

in
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in courfe to affect the temperature of the latter,
more than the former.

The ingenious Dr. Irvine (to whom, in con-
junétion with the celebrated Dr. Black, we are
indebted for this doctrine) has difcovered a
method by which the capacities of bodies may
be determined by experiment. If, for example,
I would know the proportion of the capacities
of two liquids, I heat one of them, and pour
it on an equal weight of the other while cold,
having previoufly noticed the difference of their
temperatures, If the capacities are equal, the
heat of the mixture will be in the mean be-
tween the temperature of the two liquids before
mixture ; as was before obferved to happen,
when water is mixed with water. But if their
capacities are unequal, the heat of the mixture
will vary from the mean in proportion to that
difference, as was obferved to be the cafe on
mixing water with linfeed oil ; the capacities of
which” are to ene another very nearly in the
proportion of 2 to 1. To thefe experiments
however, it is neceffary that the fubftances
fthould have no chemical action on each other :
that is, they fhould produce neither heat nor

cold, when mixed together at like tempera-
tures,

G Not
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Not only different bodies have different ca-
pacities, but even that of the fame body is va-
riable according to the ftate which it happens
*to be in. 'When water freezes, its capacity be-
comes /¢fs than it was during the fluid ftate; and
on the contrary greafer, when it is turned into
vapour. The fame rule holds good with other
fubftances.

When the capacity of a body happens to be
altered, it 1s evident that its temperature will
be affeted in proportion thereto. Thus, if the
capacity be fuddenly increafed, the body will
become colder than before; and if diminifhed,
hotter. Accordingly we find, that heat is gene-
rated by the congelation of fluids ; and cold, by
their evaporation. Cold is a confequence of the
tranfition from a folid to a fluid ftate ; and heat
of the condenfation of vapour.

When water 1s mixed with oil of vitriol, a
great degree of heat is produced. The capa-
city of the mixture becomes lefs than the fum
of the capacities of the ingredients before mix-
ture ; of courfe the fire which they contained,
muft occafion the remperature of the mixture to
be higher.,

On the contrary, when fnow is mixed with
{pirit of nitre, the capacity of the folution be-
2 comes
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comes greater than the fum of the capacities of
the ingredients before mixture. The quantity
of fire which they contained becoming now too.
little, the temperature muft fink in proportion
thereto. The like may be obferved of the other
inftances of heat and cold generated by chemical

mixtures.

The difference of the capacities of bodies
may depend on different arrangements of their
particles, or on other circumftances, with which
we are not yet properly acquainted. But by
obfervations related in a book*, publifthed by
the author of this work, but more particular-
ly by the experiments of the ingenious Dr,
Crawford, it appears that, in fome cafes, phlo-
- giffon caufeth this difference in bodies. Bodies
which are freeft from that principle have (at
leaft in many inftances) their capacities greater
than thefe which contain it in greater propor-
tion. Thus oil contains more phlogifton than
water, and its capacity is found to be lefs. The
like may be obferved of metals, and their calces;
of fulphur, and the vitriolic acid ; and in other
cafes of phluglﬂ:zcated and dephlogifticated
bodies,

Hence if the phlogifton be fuppofed to be
fuddenly taken from oil, its capacity will be in-

G 2 creafed.

® Philofophical Obfervations,
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creafed. The quantity of fire which it con-
tained will no longer be fufficient to keep it at
the fame temperature as before. It will there-
fore become colder ; and of courfe will imbibe
fire from the fubftances around, till it returns to
an equal temperature with thofe fubftances.

On the contrary, if the phlogifton be fup-
pofed to be fuddenly reftored, the capacity will
be leflfened. The fire which it contains, will
raife it to an higher temperature than before;
and therefore it will communicate heat to the
{furrounding bodies, till an equality of tempera-
ture between them again obtains.

The fame quantity of phlogifton combined
with different bodies, affects their capacities in
different proportions. Thus, if the phlogifton
of o/l be transferred to air, the capacity of the
latter will be more diminifhed than that of the
former is increafed. The heat generated by the
combination therefore, will be greater than the
cold produced by the decompofition; and on

this principle we account for the heat in the
combuftion of oil, and other fubftances.

The elafticity of air depends on heat. For if
the heat be increafed, the elafticity is increafed.
If the heat is diminithed, fo is likewife the elaf~
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ticity.  If therefore air were fufficiently deprived
of heat, its particles would probably become
coherent, like thofe of water, and other fub-

frances.

The effect of fire on the particles of bodies
thérefore, is to give them a repulfive power.
Thus, if two or more particles be in contatt,
cohering with each other, and heat be applied,
the repulfive force which they acquire in
confequence thereof, will oblige them to quit
each other. Hence the expanfion of bodies by
heat. The particles while within their {pheres of
cohefion will refift the aétion of heat more, as
their attractive or cohering forces are ftronger.
But when the heat becomes {fo great as to urge
them beyond thofe fpheres, they will become
elaftic like air; the repulfive force which they
acquire from the heat, overpowering that of
their attration, This is the reafon that particles
are feparated from each other, or wvolatilized by
heat. See alfo what was faid of the three ftates of
bodies in the former part of this chapter. But
independently of their cohering forces, the par-
ticles of bodies feem to be fome more, and
others lefs, capable of being made repulfive by
heat. Thus different kinds of air are capable
- of being differently expanded by equal degrees
G 3 of
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5°EC T TTO'N* Ik

AVING given an account of fuch che-

mical fubftances and agents as required
explanation, we may proceed to the fubject of
chemical operations : and it will be moft proper
and natural to confider thofe firft which depend
merely on heat.

It muft however be remembered, that I do
not make it my bufinefs in this work to treat of
the prafical part of chemiftry ; the philofophy of
that {cience was all that I propofed; and even
no more of that than might be fufficient to
enable the reader to enter, in a MORE GENERAL
MANNER, into thefe ufeful and entertaining
ftudies.

o Ba P LD (R,

OF VOLATILIZATION,

Y this term we underftand that part of che-

miftry, which treats of the feparation of
volatile from fixed fubftances ; that is, the de-
compofition of bodies, by heat alone,

If a volatile fubftance, as water, be combined
with a fixed one, fuppofe fixed alcali, they may
i g be
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be feparated by putting the mixture into a pro-
per diftilling veflel, and applying a fufficient
heat. For the water will be raifed into vapour
and diftil into the receiver, leaving the alkali at
the bottom.

A greater heat however will be required than
if the water had been diftilled alone, becaufe
the water 1s attracted by the falt; and the heat
in thefe cafes is required to be greater according

as the attraction is ftronger, fo as to overcome
that attraction.

You will find by the 3d chapter of the former
fection, that green vitriol is a compound of vi-
triolic acid and iron. But a proper degree of
heat forces over the acid (together with fome
water which the vitriol alfo contains) in the
form of {pirit of vitriol, the iron remaining in
the form of colcothar behind,

Hartfthorn is a combination of animal earth,
volatile alcali, oil, water, fixed air; &¢. Heat
forces over all the volatile ingredients, leaving
the earth at the bottom of the retort.

So guaiacum wood is a combination of ve-
getable earth, falt, acid, water, air, and oil. By
the application of a fufficient degree of heat,
the latter ingredients being volatile, are fepa-
rated in vapours ; the earth with the fixed alca-
line falt remaining behind. The like may be

obferved

- R




CHEMISTRY. 89

obferved of other animal and vegetable, and of
many of the mineral fubftances alfo.

In cafes however where the attration of the
ingredients is very f{trong, this decompofition
cannot be effeted by our fires« For example,
vitriolated tartar 1s a combination of the vitrio-
lic acid with fixed alcali.  The acid, though vo-
latile, cannot be feparated from the alcali by
the utmoft force of the furnaces, becaufe it is too
ftrongly attracted by the alcali. The like may
be obferved of fome other fubftances.

In the inftances laft mentioned, the power of
the fixed ingredient fixes alfe the volatile one.
There are others, in which the volatile one vo-
latilizes alfo the fixed. Thus, fedative falt of
Homberg is fixed. But if it be combined with
water, the water carries it up with idelf in va-
pour. Iron is, in like manner, volatilized by
fal ammoniac.

If fubftances of different volatility be mixed
together, which have but little or noattrattion for
each other, the moft volatile may be driven over
in diftillation ; leaving the other, or others, be-
hind ; provided only fuch a degree of heat be
applied, as is juft fufficient to raife the former
in vapours, but not the latter. Thus, if water
and {pirit of wine be mixed together, both which

are
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are volatile, the {pirit will rife firft, the water
not till the heat becomes greater. In like man-
ner, water may be raifed from fpirit of vitriol ;
the acid, being more fixed, remaining concen-
trated behind. So volatile alcali may be fepa-
rated from water ; effential oils from thofe of a
more fixed nature: And hence alfo, the matters
obtained by diftilling hartthorn, guaiacum, and
other {fubftances, may be feparated from one an-
other, as you find by their procefles in chemical
books.

But in cafes where the principles ftrongly at-
tradt each other, they will not be feparated, but
both rife together in their combined ftate.
Thus, the marine acid and volatile alcali, are
both volatile ; but the latter more fo than the
former. Yet heat does not feparate them, as in
the cafes laft mentioned, but they both rife to-
gether in the form of fal ammoniac. So fulphur
and quickfilver rife together in the form of cin-
nabar; and the like happens in many other
inftances.

If in a fubftance to be diftilled, oil and water
are contained, they may both be driven over
into the receiver ; and as they will not mix, the
oil will either float at top, or fink to the bot-
tom, according as its fpecific gravity is greater
or lefs ; and therefore they may be feparated by
filtration, or other mechanical metheds contrived

for



for that purpofe. Hence eflential oils are ob-
tained by diftillation. And the like may be ob-
ferved of other matters, which will not mix; as
of quickfilver and water, water and phofphorus,
&fe.  Hence though the matters may be of dif-
ferent volatility, yet the neceflity of the mode
of feparating them by heat, is, in thefe cafes,

fuperfeded.

It thould be obferved, that air has fome fhare
in the bufinefs of volatilization. Thus, water

laced in wacxo, evaporates with much greater
difficulty than when the veffel contains air, or
when 1n open expofure to that element. The
air in this cafe alts as a menflruum, or folvent.
See alfo what was faid on this fubjeét, in the
ﬁhapt,cr on Air.

CHAP-
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C B <A P TR EIER ST

OF MENSTRUUM S.

N E of the moft ufeful branches of che-

miftry depends on menftrua. The extrac-
ting of tinftures, decotions and infufions de-
pends on this principle.

In order to effeét folution, one of the fub-

ftances at leaft muft be fluid. The Auid fub-
ftance 1s called the folvent or menftruum.

There are fome bodies which diffolve intirely
in certain menftrua. Thus fugar wholly dif-
folves in water; camphire is totally diffolved
by fpirit of wine; wax diffolves intirely in oil ;
and quickfilver in {pirit of nitre. In many in-
{tances, thefe folutions may be made in the ufual
temperature of the atmofphere. Others require
heat to diffolve them; but in all thefe cales,
agitation greatly facilitates the folution, as by
it the unfaturated parts of the menftruum are
applied to the fubftance to be diffolved. This
operation depends on the principle of attraction
already {pokenof. Thus fpirit of wine diffolves
camphire, becaufe there is a mutual attraction
between the particles of thefe ingredients. But
camphire is not difio]vable by water, for want

of

P L et :

o g m——

i g | g




CHEMISTRY. 03

of fuch mutual attrattion. Spirit of wine there-
fore is a menftruum for camphire, water not.

In moft cafes, however, only part of the prin-
ciples of which a body is compofed are foluble
in any one menftruum ; for example, aloes con-
{ifts of two different fubftances or principles,
arefin and a gum. Spirit of wine diffolves refin-
ous fubftances, but will not touch gummy-ones.
If, therefore, it be required to extralt the refin
from the aloes, it muft be digefted in {pirit of
wine. The refin will be diffolved, the gum
remaining behind. But gummy fubftances are
diffolved by water. Hence, if it be required to
extratt the gummy part from the aloes, water
muft be ufed. When therefore tintures are ex-
tracted from fubftances with pure fpirit of wine,
it is with a view of obtaining their more oily or
refinous parts. Hence, the tinctures of affafce-
tida, guaiacum, balfam of Tolu, and the like.

On the contrary, when water is employed,
whether in the way of infufion or decoétion, it
is with defign to extract the faline, gummy, ge-

latinous and mucilaginous parts ; of all which
water is a folvent.

By treating any fubftance therefore, firft with
Ipirit of wine, and afterwards with water, or firft
with water, and afterwards with {pirit of wine,
we extract from it both its refinous and faline

X and
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and gummy parts. If the fubftance contains
no other than thefe (as 1s the cafe with aloes,
affafcetida, &c.) it will be totally diffolved. But
if it alfo contains earthy, or other matters, not
foluble in thofe menftrua, thofe parts will re-
main undiffolved.

If, however, water and {pirit of wine be mixed
together, they will not always diffolve thofe
fubftances which are wholly foluble by them
when applied {ucceffively, becaufe they then
weaken each other’s attractive or folvent virtues.
Thus, water and {pirit of wine will not diffolve
aloes, aflafcetida, &c.  The tinéture, however,
which is extrated by this mixture, partakes
both of gummy and faline, and of refinous parts,
though in a lefs degree than when employed
feparate.

For the {fame reafon, if the tinftures drawn
by thofe menftrua {eparately, be mixed to-
gether, they will not incorporate into a clear
tinfture ; but becaufe the forces of the men-
ftrua are mutually weakened, they each let go
part of what it before retained; the mixture
in courfe becomes muddy, and a precipitation
enfues.

Heat increafes the diffolving “power of men-
ftrua, and in fome cafes gives that power where
it did not before appear. Hence many fpirituous

tinctures
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tinctures are direGted to be drawn with heat ;
and watery ones are moft generally made either
with hot water, or by aftual boiling.

In many cafes, the part of the fubftance dif-
folved carries with it into the tinéture, infufion,
or decoétion, many particles of the fubftance,
not naturally foluble in that menftruum. Thus,
wine extra@s part of the refin from opium, which
it lets go again in time. Hot water draws out not
only the faline and gummy, but alfo great part
of the refinous, and even woody parts from bark ;
but lets them fall to the bottom, in great mea-
fure, after ftanding a fufficient time. Thus alfo
water diffolves gum ammoniac, affafeetida, &c.
into milky, or otherwife turbid liquors. The tur-
bidnefs fhews the tinfture to be imperfeét; and
arifeth from the refinous parts ftill held by the
others, which the water diffolves, and which,
therefore, is rather a mixture than a tincture,
and will, in time, feparate. Oil is in like man-
ner mixed imperfectly with water, by means of
an alcali; the water diffolving the alcali, and
that {till retaining the oil. Hence the turbidnefs
or milky appearance of that mixture.

In common diftillation, the water ufed for
diftilling fimple waters, and the {pirit of wine
employed in the diftillation of fpirituous ones,
att alfo as menftrua. In the former cafe, the
faline parts of the vegetable fubftance are dif-

folved
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folved in, and carried over by, the vapour of
the water : in the latter, the refinous, or thofe
depending on the effential oil, are in like man-
ner extracted and carried over by the vinous fpi-
rit. Thefe therefore may alfo be confidered in
the light of infufions or deco¢tions, and tinétures ;
the only material difference being, that in or-
dinary decottions and tinctures, the more fixed
parts of the fubftance are alfo retained by the
menftruum; 1in diftillation, only the volatile
parts.

Any other fluid that ats on, and diffolves
the whole, or any part of a fubftance, may
alio be confidered as a menftruum. Thus, oils
are menftrua to many {ubftances which water
and {pirit of wine will not touch. Acids are
menftrua to metals, earths, &c. Air is a men-
ftruum to water, and other matters; by which
means their volatilization is alfo facilitated, as
hath been obferved. Subftances reduced to va-
pour, or air, even at more powerfully than in
a fluid form. Thus, {pirit of falt and {pirit of
wine will not form ether, unlef{s mixed together
in a vapoury ftate; and there are other inftances
of a like nature.,

From hence it appears, that the decompo-
fition of bodies by means of menftrua, forms an
extenfive branch of chemiftry; and it has this

excellence, that the virtues of animal and vege-
table
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table fubftances may be extracted, at leaft by
water and fpirit of wine, without alteration,
which is not commonly the cafe with operations
by the retort. For example, by the retort all
vegetables yield nearly the fame principles, viz.
oil, an acid, water, fixed alcali, and earth ; and
the like may be obferved of the diftillation of
animal {ubftances by the {fame method. But by
means of water, and {pirit of wine, as above,
their refpetive virtues may be obtained unal-
tered. The like holds good with extralts, as
will be feen in the next chapter.

H CHAP-
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C H. A P T iaR. 1,

OF EXTRACTS.

H E theory of this part of Pharmacy de-

pends on the two preceding heads of go-
latilization and menftrua.

Extraéts may be divided into {pirituous, watery,
&ec. according to the nature of the menftruung
employed, and of the extraét to be made.

A refinous extract is drawn by means of vi-
nous {pirit. For example, if I would extraét the
refinous part of aloes, bark, or any other fub-
ftance, I bruife the ingredient and infufe it in
reCtified {pirit, with a proper degree of heat,
agreeable to what was delivered in the laft chap-
ter. I then decant, or filter the liquid; and as
the {pirit-1s more volatile than the refin, it may
be raifed from it by evaporation, or by diftil-
lation, as may be underftood from what was de-

livered in the gth chapter; the refin remaining
at the boettom,

If I would extrat the faline or gummy mat-
ter from a fubftance, I boil or infufe it in water,
and afterwards diftil or evaporate the water by

a proper degree of heat; the extralt, being -lefs
volatile, remaining behind.

As



CHEMISTRY. 99

As fpirit of wine evaporates with lefs heat
than water, extracts made by the former contain
more of the volatile parts of the fubftance, than
thofe made by the latter. For though you may
obferve, that in an extraét or refin, only the more
fixed parts of the fubftance can be retained, the
volatile ones flying off in evaporation ; yet the
more of thofe volatile parts that can be retained,
the more of the virtue of the fubftance will the
medicine contain. Hence the flower the evapo-
ration proceeds, the better will the extract be.

In order that it may contain as much as pof=
fible of the virtue of a fubftance, the gummy
and faline, and the refinous parts, are, in fome
cafes, directed to be feverally drawn with water,
and {pirit of wine. Thus, in fome recipes, a
tincture is directed to be drawn from bark with
fpirit of wine, in order to extrat the refin, and
the bark to be afterwards boiled in water, to get
out the other principles. Thefe tinctures, or ra-
ther the extralts made from them when nearly
reduced, are then direted to be mixed toge-
ther. Such an extra& therefore contains both
the refinous and faline - mucilaginous princi-

ples; or, in other words, the whole virtue of
the bark.

By proper management an extract fimilar to
the above may be drawn with water alone.
Thus, a fmall quantity of water is added to

H 2 Dpiuﬂ'l,
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opium, only fufficient to make it into a pulp;
the gummy and faline parts are hereby fufficient-
ly diffolved. At the fame time the refin is melted
by the heat; and as the mixture is thick, does

not feparate, but is entangled by and blended
with the other parts, {o as to pafs the ftrainer

together. A due degree of heat afterwards re-
duces it to its proper confiftence.

Any liquid fubftance, vegetable juice, &c.
properly evaporated, may alfo be called an ex-
traét. Thus the juice of elder-berries evapo-
rated, called rob of elder, is an extratt. Sugar
of lead, extracted from cerufe, or litharge by vi-
negar, and then evaporated, is an extralt ; and
fo of others.

CHAP-
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OF FERMENTATION.

EGETABLE and animal fubftances

only are fubjet to this procefs. There

are feveral ftages of it; all of which vegetable,
but not animal fubftances, may undergo.

By fermentation, the particles of the com-
pound fuffer a new arrangement; fo that the
properties of the fubftance become different
from what they were before.

If a vegetable juice (of grapes, for example)
be fermented, 1t will yield on diftillation, in-
flammable {pirit, which the mu# did not yield
before fermentation. ‘This is called the vinous

fermentation.

If the fame liquid be farther fermented, it
yields vinegar, which could not be obtained
from the liquid before, either in its original or
vinous ftate. This therefore is called the acetous
fermentation.

The third ftage of fermentation, is putre-
fagtion ; by which the fubftance is converted

Hia firft



Y02 CHEMISTRY,

firft into a mucilage, and afterwards into cal-
careous earth, marine, and other acids, and vo-
latile alcali; which efcaping with a portion of
oily matter, occafions the difagreeable fmell arif-
ing from putrifying fubftances.

4

Animal fubftances can only pafs through the
latter ftage.

A quantity of fixed air efcapes from the fer-
menting fubftances during their firft ftages;
but in putrefaction, inflammable air alfo arifeth.
In all fermentations therefore, not only new ar-
rangements of the particles take place, but part,
of them are feparated, and fly off.

Fermentation is the means employed by na-
ture for the deftruétion of thofe bodies which
are produced by vegetation and animalization ;
or for refolving them, as far as is neceffary, into
the principles of which they were originally com-
pofed.

SECTION
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EFORE we enter on the fubjeét of this

fection, it may not be improper to premife

the following, taken from the writings of the

ingenious Dr. Fordyce ; to which we are alfo in-
debted for part of the chapter on fermentation,

COMBINATION IS OF TWO KINDS; MECHANICAL
AND CHEMICAL,

Mechanical combination is alfo of two kinds.
Firlt, Mixture ; when the particles of one of the
bodies attract one another ftronger than they
do thofe of the other. In this cafe, if they be
both fluid, the one which is leaft in quantity, is

broke down into fpheres; as oil is when mixed
with water,

Secondly, Diffiufion ; when the particles of one
of the bodies attract thofe of the other. In this

cafe they intermix equally. Thus, folution of
blue vitriol mixes uniformly with water,

In mechanical combination, the properties ofr
the elements remain exactly the fame as before

the mixture ; and the properties of the compound
depend on them,

H 4 When
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When the bodies are of different {pecific gra-
vity, they remain mixed from fri¢tion ; and the
attraction of the particles of the one in the larg-
eft quantity, to one another.

But in chemical combination, the {fubftances
unite by an attration which takes place between
themiclves, without any external power.

A particle of each element unite together fo
as to form but one particle, confidered mecha-
nically, Thus nitrous acid, and fixed vegetable
alcali, form nitre ; which is to be confidered me-
chanically as one fimple {ubftance.

The properties of the compound do not de-
pend on the properties of the elements.

No mechanical power can feparate the fub-
ftances fo combined.

A compound may become an element. Thus,
vitriolic acid and phlogifton form fulphur. But
fulphur with fixed alcali, forms hepar fulphuris ;
fo that in this cafe the fulphur, though a com-
pound of two other principles, is only an ele-
ment of the hepar.

Elements remain combined from the attrac-
tion which takes place between them.

oF
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OF CHEMICAL COMBINATION AND DECOM-
POSITION.

The later writers on chemiftryhave comprized
almoft the whole of this branch of the {cience into
a brief {ynopfis, which they call the Table of Af-
finities, or Eleitive Attraftions ; wherein the feve-
ral fubftances are difpofed according to the re-
lations, or attractions which they have to each
other, and on which the operations of chemiftry
for the moft part depend. . The annexed {cheme
contains as much of thefe tables as was judged
neceflary to the prefent purpofe. To under-
ftand this table, you muft obferve, that the fub-
ftance at the top of any column, combined with
either of the fubftances beneath it, form the com-
pound wrote againft the latter on the right hand.
Thus vitriolic acid, and fixed vegetable alcali,
form vitriolated tartar. And you are farther to
obferve, that the fubftance at the top of a column
is capable of attrating and combining with any
of the fubftances underneath it; bur that the
combination is weakeft with thofe fubftances
which are at the greateft diftance. Alfo when
any one of the fubftances in a column 15 combi-
ned with that at the top of that column, any of
the fubftances above it will, by means of a fupe-
rior attraction, unite wich the latter, and expel
the former.

For
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For example ; it will be feen by the thirteenth
column, that {pirit of wine will unite with effen-
tial oil. Thus, oil of peppermint, mixed with
{pirit of wine, forms eflence of peppermint. But
water is above effential oil in the column, which
thews, that there is a ftronger attraction between
fpirit of wine and water, than between that {pirit
and oil. If therefore water be added to effence
of peppermint, the fpirit will let go the oil, to
combine with the water. Hence we find, that
when eflence of peppermint is mixed with water,
a milky appearance enfues, occafioned by the
feparated oil ; which, after a while, rifes to the
furface, leaving the liquid beneath it clear.

Having thus given a general idea of the table,
and doétrine of affinities, or eleftive attraétions,
I fhall proceed to the fubjeét propofed. In each
procefs, T thall mention, as far as may be necef-
fary, the circumftances or conditions requifite to
be obferved ; and as vitriolated tartar is one of
the moft obvious inftances of chemical com-
bination, I fhall begin with it.

This neutral falt is compofed of vitriolic acid,
and cauftic fixed vegerable alcali, as you will
find by the table, in the columns for thofe prin-
ciples. But vitmolic acid is not to be met with
pure. The moft fimple that we have, is com-
bined with water, in the form of {pirit of vitriol ;
the alcali however, may be had pure. Thus,

the
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the lapis fepticus, or potential cautery, is the
pure fixed vegetable alcali. If this alcali be
added to the {pirit of vitriol, it will attraét the
acid from the water, or in other words, the par-
ticles of the acid, being more powerfully attract-
ed by the particles of the alcali than by thofe of
the water, will quit the latter to combine with
the former, If only juft as much alcali be added
as is fufficient to faturate the acid, the mixture
will contain nothing but vitriolated tartar, and
water ; the water may be evaporated by heat, and
- the neutral falt will remain behind ; or if it be
required 1n cryftals, the evaporation may be only
carried on in part, and then the mixture fet in a
cool place, for the cryftals to fhoot, as direéted
in books of practical chemiftry.

When thefe ingredients are mixed in fuch
proportions as perfetly to faturate each other,
the acid will have loft its four tafte, and the
alcali its acrid one. This mutual lofs of tafte,
is a very remarkable circumftance. Oil of vitriol
1s the moft cauftic of all acids, and has perhaps,
the ftrongeft tafte of any other known fubftance.
The tafte and caufticity of the alcali are almoft
as great. Both of them pain and burn the flefh
in a manner almoft fimilar to fire. Yet when
thefe two principles are combined, they form a
fubftance which has hardly any tafte, or none
refembling that of either of the ingredients. This
lofs of tafte is generally proportional to the force

3 with
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with which the ingredients combine. Thus vi-
triolic acid and water, or oil of vitriol, has a
very ftrong tafte. If it be combined with vola-
tile alcali, its tafte is weaker, becaufe it attracts
that fubftance more powerfully than it does wa-
ter, or exhaufts on it more of its attrating force.
If it be combined with fixed alcali, as above, the
tafte is ftill lefs; and if with phlogifton, as in
fulphur, its tafte is entirely loft. Its attrattion
to phlogifton is fo ftrong, that it {feems to exert
its whole attrative power on it, and therefore
with its lofs of attraétion, lofes its tafte ; for tafte
being caufed by the attraction between the tongue
and the fubftance applied to it, if the fubftance
has no attra&tjve force remaining, it can have no

tafte.

So again, the cauftic fixed alcali has a very
powerful tafte. 'When it is combined with fixed
air, as in the mild vegetable alcali, the tafte is lefs.
‘When with the muriatic acid, as in common falt,
it is ftill weaker, and when with vitriolic acid,
as above, leaft of all ; its tafte being lefs as the
force of its attration is more exhaufted. This
rule may be applied to other acids, alcalis, and
carths. There are, however, fome exceptions
to it, which yet perhaps may depend on other
caufes. Thus nitre has a ftronger tafte than
foluble tartar, and tart. vitriolat. than felenite,
though the attraétions of their refpective ingre-
dients are the reverfe; as may be feen by the table,

Vitriolated
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Vitriolated tartar may be made, not only in
the manner defcribed above, but with many
fubftances which contain the two ingredients of
which it is compofed ; and the falt may after-
wards be extracted from the mixture by chemical
art. For example,

Mild fixed alcali is a combination of the pure
fixed alcali with fixed air. If this be ufed inftead
of the pure, the alcali will quit the fixable air
with which it is combined, and unite with the
acid, by which it is more powerfully attracted.
The air thus let go by the alcali, refumes its
elaftic ftate, and by its flight caufeth an effer-
velcence in the liquid. What remains is the
{ame mixture of vitriolated tartar and water as
in the former procefs, and the falt may be ob-
tained from it in the fame manner.

Green vitriol is a combination of vitriolic acid
with iron. If cauftic fixed alcali be added to
this compound, the acid quits the iron to unite
with the alcali, by which it is more powerfully
attratted ; the iron will fettle at the bottom in
form of a powder, from which the clear liquor
may be poured off, and the falt may be {eparat-
ed from the water in the manner already deferib-
ed. The like may be obferved of the other vi-
triols, of alum, and of Epfom falt.

s But
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But it is worthy of remark, that if this laft
fubftance, and mild fixed alcali be ufed, the
fixable air of the latter will not fly off in its elaf-
tic ftate in the manner defcribed above, but unite
with the magnefia feparated from the Epfom falt
by the alcali, {o that there will be two new com-
pounds formed. The Epfom falt is vitriolic
acid combined with magnefia; the acid, unit-
ing with the alcali, forms vitriolated tartar ;
and the magnefia, uniting with the fixable air,
forms the common or uncalcined magnefia ; for
it muft be obferved, that the calcined, is the
pure magnefia, the common is magnefia combined
with fixable air, like the mild alcali. The fame
double decompofition takes place when felenite
and mild alcali are ufed, and in many other cafes ;
and this is called doudle affinity, or double eleftive
attraftion, as the former is termed fingle, becaufe
there are two new compounds produced in the
latter cafe, and only one in the former.

Again, nitre is a combination of fixed vege-
table alcali with nitrous acid, as you will find
by the table. But if oil of vitriol be added, the
alcali will quit the nitrous acid to unite with the
vitriolic, by which it is more powerfully attracted,
and the nitrous acid will unite with the water;
{o that here alfo we have a double affinity. The
mixture therefore i1s now vitriolated tartar, and
fpirit of nitre. The latter may be diftilled over

with
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with a fufficient degree of heat, leaving the
former behind.

Vitriolated tartar may be obtained in like
manner from fal digeftivus, and from regenerated
tartar, by adding to them the vitriolic acid, with
this only difference, that fpirit of falt and vege-
table acid are refpectively obtained inftead of
{pirit of nitre.

What has been faid of vitriolated tartar may

be applied in great meafure to nitre and fea
falt.

Thus, by mixing fpirit of nitre with pure
vegetable alcali, nitre may be obtained in like
manner as tart. vitriol. was from the fame alcali
and fpirit of vitriol. If nitrous acid be combined
with fome other fubftance, to which it has a
- weaker attrattion than to the vegetable alcali,
nitre may be formed, as tart. vitriolat, was with
green vitriol, and alcali. Alfo, if the fixed ve-
getable alcali be combined with any fubftance,
by which it 1s lefs ftrongly attracted than by the
nitrous acid, nitre may be made by adding thie
nitrous acid, as vitriolated tartar was made by
adding {pirit of vitriol to nitre, {al digeftivus,
or regenerated tartar,

So fea falt may be formed by adding fpirit
of falt -to natron; or with fpirit of falt and fal
Rochel : or with natron and fal ammoniac, but-

ter
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ter of antimony, or corrofive fublimate of mer-
cury.

So likewife diuretic falt may be formed with
fixed alcali and vegetable acid; with fixed alcali
and fugar of lead ; with fixed alcali and fpiritus
Mindereri ; and the like ; all which require
no explanation, as they will be eafily underftood
from what has been faid of wvitriolated tartar.
Yet, to render the dotrine of chemical compo-
fition ftill more clear, I fhall give another in-
ftance in fal ammoniac.

If fpirit of falt (which is a combination of
marine acid with water) be mixed with fp. fal.
ammoniac cum calce (which is the cauftic vola-
tile alcali, alfo combined with water) to the point
of faturation, the mixture will be common {al
ammoniac, and water. The water may be fepa-
rated from the falt by evaporation, or cryftalli-
zation, as fhewn before ; or the falt may be fub-
limed, or formed into a cake, like the fal ammo-
niac of the thops. For the ingredients being both
volatile, and ftrongly attralting each other, they
will rife 1in vapour in their combined form, as
hath already been fhewn *,

In this cafe the volatile alcali entirely lofeth
its very powerful fmell, its particles being at-
tracted.

#* A mixture of alcaline, with marife acid air, forms this falt,
a3 was thewn in a former chapter,
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tralted, and as it were, fixed by thofe of the
acid. The tafte alfo is nothing comparable to
that of the acid, or even of the alcali in ftrength,
for reafons already given,

If the mild volatile alcali be employed, the
fixed air will be expelled, and fly off, (hence the
violent effervefcence ;) and therefore the mix-
ture will be fal ammoniac and water, as when the
cauftic alcali was ufed.

If the acid be combined with another {ub-
ftance to which it has a weaker attracion than
to the volatile alcali, it will quit its union with
that fubftance to unite with the alcali. Thus,
if merc. corr. fubl. be mixed with the volatile
alcali, the acid will leave the mercury, and form
fal ammoniac with the falt. The mercury thus
difengaged, will fall to the bottom in the form
of a powder, and the fal ammoniac may be ob-
tained from the clear water in the manner already

defcribed.

Alfo if the volatile alcali be combined with a
{fubftance to which it has a lefs affinity than to
the marine acid, the alcali will quit that fubftance,
and form fal ammoniac with the acid. Thus,
fpiritus Mindereri is this alcali combined with
the vegetable acid. But {pirit of falt being added,
the alcali will leave the vegetable, to form {al
ammoniac with the marine acid. The falt may

I be
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be feparated from the liquor by cryftallization,
or by other means.

Thefe inftances will be fufficient to give you
an idea of chemical combination. I fhall now
give a few examples of decompofition.

We may decompofe a compound chemically,
by knowing its ingredients, and duly applying
a principle to which one of the ingredients has
- a ftronger attraction than to that with which it
is already combined. The table of affinities af-
fords a variety of fuch inftances.

Let it be required, for example, to decompofe
{al ammoniac, {o as to obtain its volatile alcali.
By examining the table, T find that fal ammo-
niac is a combination of the volatile alcali with
marine acid. In the column for that acid I find,
that natron, among other fubftances, is above
the volatile alcali. Marine acid therefore has
a ftronger attraction to the foffil than to the
volatile alcali, and therefore will leave the latter
to unite with the former. The mixture will be
the volatile alcali, and common falt. As a proof
of this, as foon as the ingredients touch each
other, though before they were deftitute of odour,
yet now a very ftrong {mell of volatile alcali is
perceived : and as the alcali is volatile, the falt
fixed, we have only to put the mixture into a re-
tort, and a due degree of heat will force over the
alcali, leaving the fea-falt behind.,

it



CHEMISTRY. 115

It may be obferved, that if the cauftic fofil
alcali be ufed, the volatile alcali obtained will
alfo be cauftic. But this is always in a fluid ftate,
as before obferved. To obtain a folid, and
therefore mild falt, the natron muft be ufed in
its mild ftate. The fixed air of which is trans-
ferred to the volatile alcali, as the natron is to
the acid ; fo that here again is a double affinity,
a double decompofition, and two new combina-
tions *.

The volatile alcali may likewife be obtained
from fal ammoniac, by ufing calcareous earth, or
fixed vegetable alcali, inftead of natron; and it
may alfo be had either cauftic or mild, according
to the ftate in which thefe fubftances are ufed.

To decompofe fal ammoniac fo as to obtain
its acid. In the column for volatile alcali, above
marine acid you find, among others, the vitrio-
lic. If you mix oil of vitriol with fal ammoniac,
the volatile alcali will quit the marine acid, and
form, with the vitriolic, fal ammon. vitriolic.
The mixture therefore will be this falt, and the
marine acid combined with the water of the oil
of vitriol, which may be obtained from the falt
by diftillation, as being more volatile.

This may alfo be done by ufing the nitrous
acid, But prattitioners prefer the vitriolic, be-
I2 _ caufe

* The mild alcali may alfo be compofed direétly, by mixing fixed,
svith alcaline air, See the chapter on different kinds of air,
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caufe part of the nitrous is apt to pafs over with
the marine in diftillation ; {o that inftead of the
pure fpirit of falt, you have aqua regia, or a com-
pound of the f{pirits of nitre and of falt.

Subftances containing the vitriolic acid may
likewife be ufed, and the nitrous and vegetable
{fal ammoniacs may be decompofed by methods
fimilar to thofe above defcribed.

Thefe inftances will be fufficient to give an
idea of chemical combination and decompofition,
and enable you to underftand not only the other
inftances in the table, but alfo the reafon of
many procefles which you meet with in difpenfa-
tories, and books of practical chemiftry. But
thefe points will be further elucidated by what
follows to the end of this chapter.

In the fourth chapter, I gave a {ynopfis of the
neutral falts, and fhewed that each of them was

a compound of a particular acid with fome alcali.
From what has been faid of vitriolated tartar,
and fal ammoniac, you will underftand in gene-
ral the manner in which thefe {alts are obtainable
from their refpective principles. The like may
be obferved of the metallic and earthy falts in the
fame chapter.

Thefe falts may likewife be decompofed on
the fame principle as hath been fhewn of {al am-
moniac,

It
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1t muft, however, be obferved, that the cir-
cumftances attending the procefies require to be
varied in fome particular cafes, though the prin-
ciples on which thofe proceffes depend are the
fame ; and hence the particular directions for
conducting thofe different ‘proceffes, to be met
with in books of pratical chemiftry. 1 fhall
give a few inftances by way of illuftration.

Green vitriol 1s a combination of the vitriolic
acid with iron. But if you add iron to?bil of vi-
triol, this falt cannot be made. For in order to
the {folution of the iron, the oil of vitriol muft be
previoufly diluted with water.

Corrofive fublimate is a compound of marine
acid and mercury. Mercury, however, cannot
be diffolved by that acid in a liquid form. In
order to their combination, they muft be raifed
into fume, and in this ftate the ingredients unite,
though they could not in their coherent form.
Hence in this procefs, vitriol and common falt
are employed. The acid of the vitriol difen-
gages that of the falr, which iffuing forth in
vapours, attrats the mercury from the nitrous
acid, with which it had before been purpofely
combined, and by their union fublimate is
formed.

So in decompofition, if green vitriol be mixed
with nitre, the acid of the vitriol muft be expelled
by the force of heat before it can aét on the nitre

2 {o
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fo as to difengage its acid. Without this cir-
cumitance no nitrous acid 1s obtained.

But further to illuftrate this fubje&, I will run
through the whole of one of the columns for falts,
together with certain other procefles, proper for
our purpofe, noting the circumftances requifite
to be obferved towards forming the feveral de-
compofitions and combinations.

G

Spirit of vitriol is a combination of vitriolic
acid with water. If to this compound you add
thin plates of copper, and give a due degree of
heat, the copper will be diffolved. The mixture
therefore will now be blue vitriol and water,
which might eafily be feparated by the methods
already defcribed. If to this folution you add
plates of iron, the acid will leave the copper and
unite with the iron. As the latter diffolves, and
the former is let go by the acid, it depofits itfelf
upon the furfaces of the iron plates, {fo that they
look like copper. But when the iron is all dif-
folved, the copper will fall to the bottom in
form of a powder. The clear liquor being de-
canted, will therefore be a mixture of water and
green vitriol. If to this folution zinc be added,
the acid will leave the iron by degrees, and unite
with the zinc, and the iron will fall to the bot-
tom in form of a powder, as the copper did be-
fore. The clear liquor being decanted, will be
a folution of white vitriol in water, Add volatile
alcaly



CHEMESTIRY, 119

alcali to this folution, the acid will leave the
zinc to unite with the falt; the zinc will fall to
the bottom in form of a powder, and the clear
liquid being decanted, will be vitriolic fal am-
moniac and water. Add fixed alcali to this liquid,
the acid will unite with it, letting go the volatile,
and the mixture will be vitriolated tartar, and
{pirit of fal ammoniac. The latter may be ob-
tained by diftillation, the former remaining be-
hind. Mix this falt with an equal quantity of
fixed alcali, and add powdered charcoal equal
to about a fourth part of the weight of the whole,
The charcoal, you will obferve, contains phlo-
gifton combined with a vegetable earth, and the
alcali 1s added to make the vitriolated tartar melt,
which 1t will not eafily do without {fuch addition.
Put thefe ingredients into a crucible, covered, and
apply a fudden and ftrong heat for a fhort time,
the vitriolic acid will leave the fixed alcali to
unite with the phlogifton of the charcoal. The
mixture therefore is now common fulphur, fixed
alcali, and vegetable earth, that is, it is an im-
pure [iver of fulphur. Diflolve the mafs in water,
the earth will fubfide, and the clear liquid will
be a folution of liver of fulphur and alcali, in
water. Decant, or filter this liquid; and to
obtain the fulphur, look in the table for fixed
alcali, you will find above fulphur feveral acids,
add a fufficient quantity of cither of thefe, the
alcali will quit the fulphur to unite with the

i acid,
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acid, and the fulphur will fall in a powder to
the bottom, which you may feparate from the
liquid, and melt into a roll. And thus will you
have had fucceflively {pirit of vitriol, blue vitriol,
green vitriol, white vitriol, vitriolic fal ammo-
niac, vitriolated tartar, and {ulphur, each of
which might have been eafily obtained in their
ufual forms.

In the column for {ulphur, you find that ful-
phur and mercury form cinnabar. There is,
however, no method of combining thefe ingre-
dients into that form, either by dry-mixture or
liquefation. If they are mixed in either of thefe
ways they form not cinnabar, but ZEthiops mi-
neral. To combine them into the form requir-
ed, they muft be raifed in vapour. If they be
firft mixed into an Athiops, and then fublimed,
cinnabar will be the fublimed fubftance.

To decompofe this compound fo as to obtain
the mercury, look in the column for fuiphur,
and you will find, above mercury, wron. By
mixing iron-filings with the cinnabar, and dif-
tilling them 1n a retort, the {fulphur is attracted
by the iron from the mercury, which rifes pure
into the receiver, (filled with water to condenfe
the fumes,) the fulphur and iron remaining

behind.

Sulphur and fixed alcali form liver of ful-
phur. This, however, they do not do by mere
mixture ;



mixture ; they are to be placed on the fire {o as
juft to melt the fulphur, and the mixture is to
be continually ftirred, till the combination is
formed. If the mild alcali is ufed, it will not
unite with the fulphur till its fixed air is expel-
led. You may obtain the fulphur from the al-
cali again by fublimation ; but the better way is
to add fome acid to attrat the alcali from it,
the fulphur will then be precipitated in form of
a white powder. By wathing and melting, it may
be reftored to its priftine form.

In the column for water you will find mild
volatile alcali, which forms {pirit of fal ammo-
niac. Imagine this as ftrong as it can be made.
Above volatile alcali you will find fpirit of wine,
which you muft likewife fuppofe to be as ftrong
as poffible. If thefe are mixed, the fpirit of
wine will attraét the water from the falt, which
will therefore be inftantly reftored to its folid
ftate, forming that beautiful experiment of Van

Helmont, of the gffa aléa.

In the column of fixable air, (for the philofo-
phy of which, in this view, we are indebted to
the learned and ingenious Dr. Black,) you will
find that the volatile alcali and this principle
form the mild volatile alcali. Fixed alcali is
above the volatile in the column. If to the pure
fixed alcali, diffolved in water, you add the mild
volatile alcali, the fixed air will be attracted by

the
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the former from the the latter, which, with the
water, may be diftilled over in the form of cauttic
volatile alcali; the fixed alcali, now rendered
mild, remaining behind.

If to this alcali, diffolved in water, you add
pure magnefia, the latter will attraét the fixed air
from the former, and the magnefia and cauftic
fixed alcali may be obtained feparate by filtra-
tion, &c.

If to the magnefia, mixed with a due quantity
of water, quicklime be added, the fixed air
will leave the magnefia to unite with the lime,
forming common calcareous earth. It is obferv-
able that calcareous earth is foluble in water
when in its cauftic ftate, forming what we call
lime-water ; but mild calcareous earth is not fo-
luble in that liquid. It is alfo obfervable that
any of thefe fubftances will become mild by be-
ing expofed to the fixable air efcaping from an
effervefcent mixture, which it will attraét or ab-
forb. And they will do the fame in time if ex-
pofed to common air, becaufe there are always
many particles of fixable air floating in the at-
mofphere, which thefe fubftances imbibe. Hence
if lime-water be expofed to the air, a white cruft
forms upon its furface, which is nothing but the
lime now become no longer foluble on account of
its combination with fixed air. And if fixable
air be mixed with lime-water, the lime, which

3 before
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before remained diffolved, will be precipitated
in form of a white powder, for the fame reafon.
Hence it is that lime-water is a teft of the prefence
of fixed air, as mentioned in a former chapter,
Thefe proceffes contain fuch a variety of combi-
nations and decompofitions, with the circum-~
{tances relating to them, that to a perfon of com-

mon capacity, nothing farther needs be faid on
the fubjed.

I fhall conclude this account with the rationale
of fome procefles depending on phlogifton, the
moft extraordinary perhaps, of all the chemical
principles.

Metals are combinations of their refpeétive
earths or calces, with this fubtil principle.

If an acid be applied to a metal which it can
diffolve, the calx, having a greater affinity to the
-acid than to the phlogifton, quits the latter to
unite with the former. The phlogifton ufu-

ally flies off in the form of inflammable
air.

Metallic falts, and folutions therefore are not
combinations of acids with metals, but only with
their calces.

If a metal diffolved in an acid be precipitated
by any metallic calx, or by any other fubftances
befides
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befides a real metal, the precipitate will not be
a metal, but a calx. Thus if copper be diffolved
in vitriolic acid, the folution only contains the
ealx of the copper, the phlogifton having efcaped.
If calx of iron, fixed alcali, or the like be added,
the acid will unite with thefe, letting go the
calx of copper, which therefore will fall to the
bottom only in the form of a calx.

But if to this folution of copper, iron or zinc
be added in their metallic ftate, or as they are
combined with phlogifton, a double affinity takes
place. Fhe calx of the added metal unites with
the acid, and 1ts phl{:giﬂﬂh with the precipitated
calx ; fo that the powder at the bottom is now
not calx of copper, but copper itfelf. And this
1s the cafe in all metallic folutions, when the
precipitation is made with a metal.

Charcoal is a combination of vegetable earth
with phlogifton, as you will find by the table.
If calamine ftone be properly treated with char-
coal, the calx will atrract away its phlogifton
and be formed by it into a metal. This metal
is zinc. If the phofphoric acid be added to this
metal, and they be diftilled in a retort, with a
fufficient heat, the phlogifton will quit the metal
to unite with the acid, and the phofphorus formed
by their union, will diftil over into the receiver
{which muft be filled with water to condenfe

and
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and quench the vapours) the calx remaining
behind. This compound is the famous fubftance
known by its property of fhining in the dark,
and burning in the ordinary heat of the atmof-
phere. It 1s ufually obtained, by a very labo-
rious procefs from urine. In the urine is a parti-
cular kind of falt, called by chemifts the fufible
falt of urine. It confifts of the pofphoric acid
united to an alcali, like other neutral falts, In
the courfe of the procefs, the acid quits the alcali
and unites with the phlogifton of the urine into
phofphorus, in the fame manner as in the procefs
of making fulphur with charcoal and vitriolated
tartar, or Glauber’s falt. But if this falt be
extracted from the urine by cryftallization, and
then mixed with charcoal, or other proper phlo-
gifticated fubftance, and diftilled with a fufficient
heat, the fame phofphorus will be formed. Phof-
phorus therefore is only a particular kind of
fulphur, burning with lefs heat than common
fulphur. If pare vitriolic acid and this fubftance
were mixed together, and diftilled, the phlogifton
would quit the phofphoric to unite with the vi-
triolic acid. The fulphur formed by their union
would be fublimed by a proper degree of heat,
leaving the phofphoric acid behind. If this ful-
phur be mixed with, or expofed to the action of
air, and a proper degree of heat be applied, the
phlogifton will quit the vitriolic acid to unite
with the air, by which it is more powerfully
attralted, and the acid remain alone in vapours,

which
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which may be caught and condenfcd, by means =
of the fteam of water, into common fpirit of
vitriol, or fpiritus fulphuris per campanam.

Other bodies containing phlogifton not too
ftrongly combined may be decompofed by air as
well as fulphur. The air decompofes phofpho-
rus 1n the ufual heat of the aunofphere; but
moft other bodies require heat for that purpofe.
Thus oils and fats require a greater heat than
fulphur ; and metals are not decompofed by air
without an intenfe degree. The heat enables
the air to a&t on the body and attract from it its
phlogifton, which it could not do before. Thus
alfo it has been feen that many decompofitions
of other kinds can be effeted without heat, but
that there are others of them to which heat is
neceffary.

The decompofition of phlogifticated bodies by
air, I had occafion to treat of in the chapter on
different kinds of air; and in the chapter on fire
was given the prefent theory of the heat attending
fome of thefe procefles. Toaccount for the heat
in combuftion, let it be fuppofed that a great
quantity of fire is contained in air, in a fixed, or
latent ftate. In combuftion, the phlogifton of
the inflammable body 1s transferred to the air; the
fire 1s fet at liberty becaufe it has a weaker attrac-
tion, and by uniting with the {ubftances around,
produces the great degree of heat obfervable on
thefe occafions. (See the table, column 16.)

The
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The more rapidly the decompofition pro-
ceeds, that is, the greater the quantity of it which
takes place in a given time, the greater will be
the heat. Hence bellows, blow-pipes, and cur-
rents of air, by applying frefh particles of air to
the body, are fuccefsfully employed for that pur-
pofe. Alfo the heat will be greater according
as the air is more pure. Hence with dephlogif-
ticated air, the heat 1s much greater than when
common air is employed.

Bodies containing phlogifton in the manner
above defcribed, are called combuflible lodies,
and their decompofition by air is called combuftion
or burning, on acccount of the heat attending it.
But the combuftion of bodies may be effected by
means of nitrous acid as well as by air. Nitre
contains a quantity of pure air in a ftate of com-
bination, as fixed air is contained in marble, &c,
when nitre therefore i1s mixed with a combuftible
body, and a due degree of heat is applied, the
phlogifton and air mutually attract each other
from the fubftances with which they were before
combined, and unite; and heat is generated on
the principle already explained. See alfo the
chapters on fire, and the different kinds of air,

C O N-
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C O N CLESTI O N.

HA'T has been faid will, it is prefumed,

be fufficient to give the reader a general

idea of chemical eleétive attration, and enable
him to reafon on the operations which depend
onit. With a few remarks on what has been
{aid, I fhall clofe this part of my fubject. Thefe
remarks however, will be fuch as would, at leaft
- for the moft part, naturally occur to a reader of
tolerable capacity after having gone through the
preceding chapters.

1.

Bodies cannot aét on one another, unlefs one
of them at leaft be in a fluid, or vapoury ftate.
In thefe ftates the particles of one body are free
to exert their action on thofe of another, which,
in a folid ftate they cannot do, becaufe of the
great attraction which takes place among them-
felves.

2.
In many cafes heat is neceflary to the action
of bodies on each other. Thus mild fixed alcali

and fulphur will not form hepar fulphuris with-
out heat : and calces with inflammable fubftances

5 will

s
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will not become metals but by means of the fame
agent. In thofe cafes wherein bodies act on eacly
other in the ufual temperature of the atmofphere,
heat ufually very much promotes the effect. Thus,
cold water will diffolve fugar; but if heat be ap-
plied, the folution takes place more {peedily, and
alfo in greater proportion. Heat is alfo the agent
“in the preceding remark. If ice cannot diffolve
{fugar, it is only for want of fufficient heat to ren-
der the former ingredient duid. If fpirit of falt
cannot form corrofive {ublimate with mercury, it
1s only becaufe there is not a fufficient heat to re-
duce it into vapour.

3.

In explaining the table of affinities, I have
fometimes mentioned a compound only in the
light of a principle, or ingredient. Thus, at the
head of one of the columns is fulphur, which yet
in another column is given as a compound of the
vitriolic acid, and phlogifton. But with refpect to
the fubftances underneath it in the column, it is
a principle ; thofe fubftances not decompofing,
but uniting with it as it i1s fulphur. Thus, mer-
cury and fulphur are the proper conftituent prin~
ciples of cinnabar ; and fo of others.

Al many of thofe which appear to be princi-
Pples are in fact only compounds. Thus, alcaline
falts are combinations of earth, acid, and phlo-

K gifton,
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gifton. So likewife acids, &c. are only compounds
of other and more fimple principles.

4.

In many cafes the union of bodies, according
to the courfe of their affinities, will not take
place but under particular circumftances. Thus,
phlogifton will not decompofe vitriolated tartar,
but in a violent degree of heat. Mercury and
the marine acid will not combine but in the form
of vapour; and {o of others. It may alfo be
obferved, that a combination cannot be effected
in fome cafes, but by previoufly uniting the fub-
ftance with another, to which it has a weaker at-
trattion. For example, @ther will not diffolve
gold, yet if gold be diffolved in aqua regia, and
then the ®ther be added, the latter will attract the
gold from the former; and chemiftry furnifhes
other inftances of a like kind. -

5

In fome cafes two principles which will not
unite, may yet be made to do fo, by means of a
third principle, which has an attraétion for both.
Thus, fulphur. will not unite with water, but if
the fulphur be previoufly combined with gn alca-
I, the water, by reafon that it ftrongly ~attracts
the falt, retains alfo the fulphur, which the alcali,
on its union with the water, does not let go. So
likewife o1l .and water will not mix; but if an
alcali, which attracts both, be added, their mix-
ture will, by means of this intermedium, be ef-

fected.
6. From
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6.

From what has been faid concerning the table
of affinities, the reader will be enabled, with a
little attention, to underftand many particulars
of the philofophy of chemiftry, not there dif-
courfed of. For example, he will now be ca-
pable of comprehending the reafonings of che-
mical writers, when treating of the theory of their
art, or giving the rationale of any particular
procefs ; which was what was chiefly intended by
thefe elements : and I fhould hope that he will
alfo be able to difcover the theory of many of
thofe proceffes, even without fuch aid. For ex-
ercife in thefe particulars I would refer him to
the operations concerning metals ; to the {everal
procefles for making the @rhers; and to others,
which I have not touched upon; examples of
which he will find in abundance in chemical and
pharmaceutical writings.

7*
He will alfo be enabled to comprehend the

reafon of the feveral general operations of che-
miftry.  For inftance,

PRECIPITATION,

Or the difplacing or expelling of one principle
from another by means of a third, on account
of a fuperior affinity. Thus, if fulphur be dif-
folved in an alcaline liquor, and an acid be added,
the alcali unites with the acid, letting go the ful-

K 2 phur,
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phur, which therefore falls to the bottom, in
form of a powder, called from hence, fulpbur
precipitatum. 'Thus likewife, if an effential oil be
diffolved in {pirit of wine, and water be added,
the fpirit of wine unites with the water, and lets
go the oil, which rifes in the liquid, and floats on
the furface ; this is likewife called precipitatiod ;
and fixed air, when difengaged by an acid, and
flies off from the liquid, is alfo faid to be preci- *
pitated.

CRYSTALLIZATION,

Which happens when particles of falt are fuf~
pended in too fmall a quantity of liquid, or in
a liquid not fufficiently hot; for the particles
running together, form themfelves into thofe re-
gular, tranfparent clufters, or maffes, which we
call cryftals, As fome falts require a greater
quantity of water than others to keep them dif-
folved, if more than one fort is diffolved in any
liquid, that which requires the greateft quantity
of water to keep it diffolved, will cryftallize be-
fore the other ; and hence the art of obtaining
the feveral falts diffolved in any liquid feparate ;
hence alfo feveral kinds of falts when mi-ed toge-
ther, may be {eparated on this principle. Com-
mon fal, for example, diffolves in lefs water
than nitre : hence if nitre and common falt be
diffolved in the fame liquid, the nitre will cryf-
tallize fooneft, and therefore may, by a proper
management of the evaporation, be obtained be-

fore
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fore the common falt begins to fhoot, As nitre
when firft made contains a large quantity of com-
mon falt, it is purified from it by this method.

DISTILLATION,

Or the raifing of any volatile fubftance by heat
into vapour, and making it pafs over into a pro-
per receiver, where it is condenfed. Similar to
which 1s

SUBLIMATION,

Or the raifing of certain volatile matters in dry
fumes which form themfelves into a powder, or
hard folid mafs in the upper part of the veffel, or
in a receiver.

CALCINATION,

Which is of two kinds. 1. Where the vola-
tile matters are driven from the fixed, by means
of fire in open veflels, or in the open fire, as is
the cafe with magnefia, quicklime, and fome
other fubftances ; and, 2. When the phlogifton is
to be taken from a {ubltance by a like expofure
to heat; this is more properly called combuftion.
Thus, lead, antimony, &c. are reduced to calces,
that is, are deprived of their phlogifton by cal-
cination in open veffels; the air attratting their
phlogifton in like manner as was thewn of the
combuftion of fulphur, and other bodies; but
the decompofition in thefe cafes, proceeding but
very flowly, a degree of heat is not gencrated
fufficient for the continuance of the combuition

K 3 a
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as happens in thofe bodies, and therefore the
application of extraneous heat is alfo neceffary,

There are other calcinations which partake of
both thefe kinds.

CONCENTRATION,

Or the reducing of any principle not obtain-
able in a feparate ftate, into as {mall a compafs,
or 1n other words, making it as ftrong, as poffible.
Thus, oil of vitriol is concentrated by evaporating
its fuperfluous water ; the ftronger and lefs vola-
tile acid remaining behind. Spirit of wine is con-
centrated by diftilling it with a very gentle heat,
fo that as little water may rife w1th it as may
be : which concentration is effected in a direét
contrary manner to the other, the fpirit being
more volatile than the water ; the water more vo-
latile than the acid. There are alfo other methods
of concentration : thus, vinegar may be concen-
trated by freezing; the watery part only congeal-
ing, which may therefore be taken out in the
form of ice, the remaining acid being fo much
the ftronger. Hot, dry falt of tartar added to
retified fpirit of wine, attracts water from it,
after no more can be obrtained by diftillation.
Vinegar again may be faturated with an alcali,
and thereby formed into a neutral falt. To this
falt made dry, concentrated oil of vitriol being
added, the vinegar is expelled by means of a fu-
perior ﬂ.ﬁ'inlry, as was thewn in the diftillation of
fpirit of nitre and fpmt of falt, by which means

the

.
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the vinegar receives the higheft poffible degree of
concentration ; and other inftances of concentra-
tion may be met with in chemical writers,

8.

An acquaintance with chemical theory will alfo
enable him to analyfe compounds, fo as to difco-
ver their ingredients, If, for example, I would
know the compofition of a neutral falt, prefent-
ed to me for that purpofe ; I diffolve part of the
falt in water, and add a fixed alcali. As there
is no turbidnefs, I conclude, that the bafis of the
falt 1s neither earthy nor metallic. I apply my
noftrils to the liquid, and find that it fmells ftrong-
Iy of the volatile alcali, which therefore I conclude
to be the alcaline bafis of the falt.

I pour on the falt a little oil of vitriol, and
immediately perceive fumes to arife. I therefore
conclude that the acid of the falt is not the vi-
triolic. On examining the colour of the fumes,
I find it to be red. The falt therefore is proba-
bly a combination of nitrous acid with volatile
alcali; that is, the nitrous fal ammaoniac.

To be further. fatisfied of this I grind a little
of it with {pirit of wine, and find that it totally
diffolves therein. I place another quantity of it
in a fhovel over the fire, without any mixture of
inflammable fubftance, and it explodes. From
all thefe circumftances I fafely conclude that the

K 4 falt
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falt is the nitrous ammoniac, as I before conjec-
tured. For no other anfwers to that defcription ;
and in particular it is the property of this neutral
falt alone to detonate without addition.

If there be prefented to me a folution of two
different falts in water, and I am required to dif-
cover them, I add to a little of the liquid, fome
fixed alcali, and find a turbidnefs, together with
a {mell of volatile alcali. One of the falts there-
fore 1s ammoniacal, the other either earthy or
metallic. I collet, and wath the precipitated
powder, and find that it is perfectly white, that
it readily diffolves in the vitriolic acid, with ef-
fervefcence, and is precipitated from it by vo-
latile alcali. It is therefore probably magnefia.
I evaporate and cryftallize this latter {olution, the
falt fhoots into long {lender cryftals, and appears
like the fal catharticus amarus, another argument
that the bafis is magnefia.

To difcover the acids, I evaporate a {ufficient
quantity of the original liquid, and on part of
the cryftals firft obtained, pour a little oil of vi-
triol ; a white fume arifes, which thews that the
acid of thofe cryftals is the marine. To another
part of them I add fixed alcali,” and find a fmell
of volatile alcali; from whence I conclue that
one of the falts is the common fal ammoniac.

As the bafis of the other was magnefia, I add

to the liquor from which I obtained the cryftals
of

-
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of {al ammoniac, a fufficient quantity of fixed
alcali to precipitate the whole of the powder, I
evaporate the clear liquid, and pour on part of
the firft cryftals obtained fome vitriolic acid.
But no fume whatever arifes. The falc therefore
is probably vitriolated tartar. I expofe it to the
fire, and it crackles like that falt; it does not
fufe ; it is difficuldy foluble in water. Thefe
characteriftics, together with its tafte, and the
form of its cryftals, leave no doubt of its being
vitriolated tartar, as I before imagined. The
two falts in the original folution therefore were
fal ammoniac, and fal catharticus amarus.

By knowing the properties of faline {ubftances,
and the doétrine of chemical affinities, f{ophifti-
- cations may be deteCted. If for example the fal
catharticus amarus be impofed on me for the
true Glauber’s falr, which it may be made to re-
femble in the form of its cryftals ; by adding a
little fixed alcali to a folution of the falt in water,
the cloudinefs occafioned by the precipitation of
the magnefia, difcovers the fraud.

If T would examine the purity of a powder fold
me for magnefia, I pour on 1t virriolic acid ; if
the folution is perfeétly tranfparent, 1 may pret-
ty fafcly conclude, that the powder is genuine,
efpecially if by evaporating and cryflallizing
the liquid, a true fal catharticus amarus is ob-

3 talned.
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PE NS T S GNP,

%IN CE the preceding feétions were written,
A} the tables of the celebrated Profeffor Berg-
man have fallen into my hands. As thefe ad-
mirable tables are not yet publifhed in any Eng-
lith work, and are not generally known, I have
fubjoined them to the chemical part of this trea-
tife, by way of exercife to the ftudent. They will
alfo be ufeful to proficients in chemiftry ; as they
contain, in a manner, all that has yet been dif-
covered 1n that art.

The firft of thefe tables is that of fimple eletive
attrattions. It is divided into two parts. The
upper refpects the bumid, the lower the dry way
of chemical combination.

This divifion is very proper. For attration
will fometimes take place in one of thefe cafes,
though it will not at all, or in a different manner,
in the other. The vitriolic acid, for example,
will not unite with phlogifton, fo as to form ful-
phur in the bumid way, or with water : yet in the
dry way, phlogifton takes place of ponderous
earth, which, in the humid way, ftands immedi-

ately under that acid.
In
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~In former tables, the vegetable acids were con-
fidered as the fame. In this they have their fe-
parate columns; and their attrations appear to
be fcarce lefs different from one another, than
from the other acids. Former tables alfo rec-
koned but three mineral acids. In this, more
than double that number will be found, with
equal variety of attractions.

The mineral and vegetable fixed alcalis were
thought to have the fame attrattive force to
acids : by this table it will be feen that the at-
traction of the vegetable alcali is {tronger than
that of the mineral,

Subftances, with their elettive attractions, are
alfo to be met with in this table, which are not
to be found in thofe of Geoffroy or Gellert; as
the ponderous earth, manganefe, acid of fpar,
and others.

The reader who has attended to the direétions
for the former table, will find no difiiculty in un-
derftanding this, after having learnt the charac-
rers.

The fecond of thefe tables relates to double
clective attractions, and chemical operations.

By the chara&ter of water in the middle of
fome of them, the bumid way is meant. By the
character of air, the dry way.

In

i
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In thefe figures, the effes of mixing different
bodies are fhewn. Always one, and often both
of the bodies whofe mixture thefe diagrams re-
prefent are compounded ; and the chemical cha-
racter exprefling the compound is placed on one
fide of an upright circumflex or bracket, (thus §)
with the characters expreffing its ingredients on
the other. In the 2rit figure, for example, the
effeéts of mixing vitriolated tartar with fixed
ammoniac is reprefented, both which are com-
puuﬁds. On the left is placed the charater of
the tart. vitriol. alfo feparated by an upright
bracket from the characters of its two ingre-
diénts. On the right ftands the mark of the
fixed ammoniac, feparated in like manner from
the ingredients of which it is compofed.

Where the original compounds are decom-
pofed, and new ones produced, the new com-
pofition is fignified by a bracket or circumflex
drawn borizontally ; the charater of the com-
pound being placed on the outfide, and the
ingredients of which it is compofed within,
Thus, fig. 3. reprefents the mixture of fixed
alcali with fea-falt. The fea-f{alt, which is a
compound, is decompofed, and a new compound
is formed : the marine acid quitting the mine-
ral, and uniting with the vegetable alcali, form-
ing fal digeftivus. Where the mixture is neither
accompanied with the production of a new com-
| pound,



142 CHEMISTRY.:

pound, nor with the decompofition of the old
one, the horizontal circumflex is omitted. An
inftance of this occurs in fig. 2. where lime

is added to tart, vitriol. without any effect being
produced.

The darts which are to be feen in thefe fchemes
point out the relative force of the attrations of
the refpective ingredients. In fig. 21. the dart
direéted to vitriolic acid from calx, fhews that
1t is as capable of decompofing the fixed ammo-
niac; and the dart direted to vegetable alcali
from acid of falt, fhews that it is capable of

effeting the fame decompofition, by uniting with
the marine acid. The dart direted to vitriolic
acid from vegetable alcali, thews that that acid
is capable of decompofing the fal digeftivus by
combining with its alcali. The calx not being
able to decompofe the fal digeftivus, nor the
marine acid the felenite, no darts are directed
towards them.

In many cafes, the mixture of bodies 1s ac-
companied with precipitation. When the new
compound is a precipitate, its precipitation is
denoted by turning the apex of the circumflex
downward ; as is the cafe with felenite in the
o1ft fig. When the precipitate is not a new
compound, but an ingredient of one of the old
ones, it is reprefented by a balf circumfiex, the

extremity
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extremity of which, pointing to the right hand,
is turned downwards, as is the cafe with lime in
the fourth figure. Whenever the apex either
of the whole or half horizontal bracket 1s not
thus turned downwards, it fhews that the com-
pound or ingredient remains diffolved in the
liquid.

The fchemes from 1 to 20, and from 40 to 55,
reprefent fimple elective attractions. In the
others the attraétions are double. Double elec-
tive attraction is elegantly explained by fig. 65.

On the left hand are the ingredients forming
vitriolated tartar. On the right, the falt formed
“ by the union of nitrous acid, and calx of filver.
Neither the nitrous acid, nor calx of filver, can
decompofe vitriolated tartar, yet both of them
ating together, can do it eafily. Thus, if ve-
getable alcali and vitriolic acid attrat each other
with the force g, and the nitrous acid, and calx
of filver only with the force 2, then if the nitrous
acid attracts the vegetable alcali with the force 8,
and the calx of filver, the vitriolic acid with the
force 4 ; 8 and 4 1s greater than g and 2; a de-
compofition therefore will be effeted, and two
new compounds formicd; the one, of the vege-
table alcali with the nitrous acid, and the other,
of vitriolic acid with the calx of filver.

Thefe
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Thefe explanations will be fufficient to render
the tables intelligible, after what has been already
faid on the fubject ; and the farther ftudy of them
is left for the exercife of the ftudent’s ingenuity,
as well as for his information.

N. B. In the table of fimple ele&tive attrac-
tions, the compounds formed by the two ingre-
dients are not mentioned, as -1s done in the table
in page 105. Spaces, or intervals are alfo found
between fome of the ingredients in Bergman’s
columns, which imply that there is a greater
difference between the attractions of the two
ingredients with the principal, than when they
immediately follow each other. The mark of
calx joined with that of a metal fignifies the calx
sf that metal.

PART

-
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S the doétrine of wifion conftitutes a very

important branch of phyfiology, I fhall’

next proceed to inftruct the reader in fo much of

the fcience of optics as may be neceffary to his
underftanding it.

Bodies become vifible by means of /ight ; for
without light they cannot be feen. This is fo
well known, that a proof need not be entered
on.

Let a room be made quite dark, then let
a fmall hole be made in the upper part of the
window - fhutter, fo that the fun may fhine
through it, and let the light that enters at this
hole from the fun, pafs on to the wall oppofite.
Faiten one end of a thread at the hole, and the
other end at the place where the light falls on
. the wall, and draw it tight, {fo that it may be
L perfectly
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perfectly ftrait, If a piece of paper be held
any where in the ftrait line occupied by the
thread, the fun’s light will fall upon it; but
if the paper be removed out of that line, this
will not happen. Alfo, if the eye be placed
any where in that line, the fun will be feen ; but
if it be removed from that line, the fun is no
longer vifible. Light therefore moves on 1n a

\ right line, when no obftacle hinders, and this

muft be remembered as a fundamental principle
In Optics.

Take a flat looking-glafs, (Opticians call it
a plane mirror,) drill a fmall hole through its
middle, and -pafs through it three threads.
Sufpend the mirror from the ceiling, or other-
wife, by one of them, and let it down flat upon
a table, in fuch a manner as that the light from
the window-fhutter may fall upon ‘the middle
of the glafs, the hole being in the center
of the luminous {pot. Faften the glafs to the
table in this fituation, the light will be refleéted
from the glafs to the oppofite wall. Let one of
the remaining threads be fixed to the hole in the
thutter, the other at the {pot on the wall, both
of them, as well as the perpendicular one, be-
ing drawn perfeétly ftrait. All things being
thus ordered, you may obferve that the perpen-
dicular thread is exactly in the middle between
the two others; or in other words, the angle
which the thread from the window makes with

the
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she perpendicular one, is exaltly equal to that
which is made with it by the thread which goes
to the fpot on the wall. For if you place a gra-
duated ruler againft the three ftrings, parallel
with the table, you will find that the perpendi=
cular one falls exaltly in the middle between the
others. See figure 1ft.

The light comes in a right line from the
window to the glafs, and goes in another right
line from the glafs to the wall. The ftrings
therefore being ftrait, reprefent thofe beams of
light. The light which comes from the window
to the glafs is called the fncident light ; and that
which goes from the glafs to the wall, is called
the reflefied light.  'T'he angle which the incident
ray (IS) (fee the figure) makes with a line (P S)
perpendicular to the point of the furface whereon
they fall, (as the perpendicular thread in this
cafe) is called the angle of incidence. 'That which
the refle@ed ray (S R) makes with the fame per-
pendicular, is called tbe angle of reflection. And it
is an invariable rule in optics, that the angle of
refleftion is equal to the angle of incidence. 1If the
angle of incidence be great, the angle of reflec-
tion will be greatr; if finall, the angle of re-
flection will alfo be fmall : and if the angle of
incidence be nothing, the angle of refletion
will be nothing, {o that the ray will be refle¢ted
- back in the fame line that it came.

" R VYWhene
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Whenever therefore a ray of light falls on a
body, we are to imagine a line perpendicular to
the point of the furface whereon the ray falls ;
and by knowing the angle which the ray makes
with that perpendicular, we alfo know the angle
of reflection.

This rule holds good, not only in flat, but
in all other kinds of furfaces, of whatever figure
they be. And it may likewife be noted, that
- if the reflefted ray be again refle(ted, and if
the reflection of it be repeated to any number
of times, the fame rule obtains. We have only
to confider, that if a refle€ied ray is to be again
refleted, it is to be confidered as an incident ray ;
{o that nothing in philofophy is more eafy to be
conceived than the reflection of light.

Before I proceed to explain the refradtion of
light, I muft acquaint the reader, that whatever
. light paffes through, is called b}r# opticians a
 medium. Thus, air 1s a medium; water, and
olafs are mediums, and fo of other tranfparent
- fubftances. An-optician has only to confider
bodies as mediums of greater or lefs refrative
denfity. Thus air is a rare medium, and refrats
but lictle; water a denfer, and refralts more ;
and glafs is a medium, {till denfer.

-

While
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While a ray of light paffes through a me-
dium of the fame denfity, it goes on ina ftrait
line. Butif it paffes obliquely out of that me-
dium into another, whofe refrative denfity is
greater or lefs, it takes a new direftion, or is
bent into an angle, as will prefently be feen.

Into any fhallow upright veflel put a fhilling ;
and retire to fuch a diftance, as that you can juft
fee the farther edge of the fhilling, but no more.
Let the veffel, the fhilling, and your eye, remain
in the fame fituation, while an affiftant fills up
the veflel with water, and the whole fhilling will
now become vifible. The reafon of this will be
thewn by the following {cheme. (Figure 2.)

Let V reprefent the veffel, S the Shilling, and
E the eye. R E will be the only one of the three
rays, coming from three different points of the
fhilling, which will reach the eye while the veficl
is empty, and therefore only the outermoft edge
of the fhilling can be feen: the rays in this cafe
coming in a right line from the fhilling to the
eye.

Let now the veflel be filled with water, and
let r N be a ray, coming from the innermoft
edge of the fhilling, it will pafs on in a right

g L2 ling
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line to the furface of the water. But on its
entrance into the air it will not continue its
courfe in a right line, but will be bent or re-
fratted, fo as to arrive at the eye (e) in the
diretion of the dotted line N e; and hence you
have the reafon why the whole fhilling was feen
in the latter cafe, and not in the former; for if
the inner edge 1s feen, the whole fhilling muft in
courfe be vifible. So likewife a ftrait ftick put
partly into water appears to be bent. And ob-

jeéts appear through a prifm higher or lower
than they really are.

I thewed before, that the angle of reflettion
is equal to the angle of incidence. But with
regard to refraction, the cafe is otherwife, as will
appear by the two following rules.

1. When the refraction is made out of a denfer
into a rarer medium, the angle of refraétion is
greater than the angle of incidence ; that is, the
ray is refracted from the perpendicular.

2. But when the refraétion is made out of a
rarer medium into a denfer, the angle of refrac~
tion 1s lefs than the angle of incidence; or the
ray is refratted fowards the perpendicular.

To explain the firft of thefe laws, let RS (fig.
3.) be aray pafling through the water in aright
5 line,
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line, till it arrives at S, draw P p perpendicular ro
that point of the furface’; and as the refra&ion
s out of water, a denfer medium, into air, a
varer, it muft be from the perpendicular. The
ray therefore, inftead of going on in a right
line RS, will be bent into the direGion S r, and
therefore the angle of refraction r S P is greater
than the angle of incidence R S p.

To explain the fecond law, let R S (fig. 4.) be
a ray pafling through air in a right lineto S. Pp
1s the perpendicular to that point of the furface.
And as the refraltion i1s to be made out of arr,
a rarer, into water, a denfer medium, it will
be towards the perpendicular. The ray there-
fore, inftead of paffing on in a right line R S,
will be turned into the dire€tion S r, {o that the
angle of refraction rSp will be lefs than the
angle of incidence R S P.

Thefe cafes, being only the reverfe of fﬂﬂh__

other, are perfetly ealy to be conceived. And
the rules hold good, as in reflection, whatever
be the figure of the medium’s furface. When
therefore the angle of incidence is great, the
angle of refraction will alfo be great ; when {mall,
the angle of refraction will likewife be fmall.
And when the angle of incidence is nothing
(that is, when the ray moves on to the furface

of the body in the diretion of the ptrp(:ndicu]ar)
| L 4 the

E
*
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the angle of refraction will be nothing; that is,
the ray will continue to pafs on in a right line, as
if in the fame medium : in like manner as when
in refle¢tion, the angle of incidence is nothing,
the ray is refle€ted back into the line of its inci-
dence.

As in reflection, the angle is always equal to
that of incidence, {fo there is a conftant or in-
variable proportion between the angles of inci-
dence and refraétion, with the fame mediums ;
or between the fines of thofe angles. For an
angle may be meafured by letting fall a perpen-
dicular from a given point in one of the lines,
by which it is formed upon the other: this perpen-
dicular line is called the fine of the angle; and
in order to determine the ratio between the fines
of different angles, no other caution is necef-
fary than that the affumed points from which
the perpendiculars are let fall be equally dif-
tant from the center or point of incidence.
Thus it is found, that the fine of the angle
of refraction out of air into water is to the fine
of the angle of incidence always as three to four.
But in different mediums the proportions are
different, according to their refraltive denfity,
For example, the proportion of the fines of the
angles of incidence and refration out of air into
glafs, is as feventeen to eleven ; and other me-
diums have other fixed proportions.

-

Having
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Having thus explained the laws of refletion
and refraction of light, I fhall now proceed to
the application of them; and alfo to the con-
fideration of fuch other particulars as may be

neceffary to the underftanding of the do¢trine of
vifion.

Whatever is feen or beheld by the eye, is
called by opticians an o4je/f. 'Thus, an arrow is
an object; a bird is an object; a wall, the fky,
the ground, &c. are objefts.

The furface of an objet is confidered by
opticians as made up of a vaft number of very
minute points placed clofe to each other; from
every one of which points rays of light iffue in
every direction. If you fingle out one of thefe
. points, and imagine it to remain alone; or if
you fuppofe that point only to be illuminated by
the rays of light, it may be reprefented by figure
sth. p is the point, and the lines proceeding from
it are rays of light. Of courfe, in whatever pofi-
tion the eye be placed, whether at A, B, C, &c.
the point will be vifible, rays being alike reflected
from i1t to every part.

Let L reprefent a convex lens, or common
burning - glafs. L.et it be placed before the
point p, and as the glafs is tranfparent, the

rays



154 o0 S i N T

rays will pafs out of the air into the glafs, and out
of the glafs again into the air beyond it, and then
ftrait on. But as glafs is a denfer medium than
air, it will refratt the rays at their entrance into
it, and the air beyond will again refraét them
in a contrary manner, in their paffage into it
from the other fide of the glafs, as may be
gathered from what has been faid of refraction.
To reprefent this the more clearly, let p in the
6th figure be the point, L the lens, and p S one
of the outermoft rays that falls on that lens. P §
will be the perpendicular to the point of the
furface on which the ray falls. As glafs is a
denfer medium than air, the angle of refraction
will be lefs than the angle of incidence, and
therefore the ray will be turned out of its right-
lined diretion, and go on in a ftrait line to n.
It is now to pafs out of the glafs into the air.
T n is the perpendicular to that point of the
furface ; and as the refrattion is to be out of a
denfer into a rarer medium, the angle of refrac-
tion muft be greater than the angle of incidence,
and therefore the ray will be turned from T, and
of courfe 1t will go on in the direétion of n x.
Now it is obvious, that the ray p O muft be
refrated in the fame manner as the ray p S.
The two rays will therefore meet at x; and if
we fuppofe a number of intermediate rays iffuing
from the point p, they will all be refracted
by




by the glafs in fuch a manner, as that their
angles of incidence fhall be to the angles of
refraction, as feventeen to eleven, and they will
all be again refratted by the air n paffing out of
the glafs, in fuch a manner as that their angles
of incidence fhall be to their angles of refraction
as eleven to feventeen, fo that they will all meet
at the point x ; they will crofs each other at that
point, and then go ftrait on, forming the angle
nxu.

Now, if a paper be placed at x, fo that the
rays may fall on it, they will paint the image or
picture of the point p on that paper.

Inftead of one, imagine three points, A, B, C,
at a convenient diftance from each other, and
let the lens be placed before them, as repre-
fented in the feventh figure. The rays flowing
from each point, will, after refraction in the
manner before defcribed, form each their refpec-
tive images ¢, b, a, on a paper placed behind
the lens, as you may alfo prove by experiment ;
but the images you fee are inverted, or in a con-
trary order to that of their originals, the image
of A, which is uppermoft, being below, and
the 1mage of C, which is undermoft, being
above.

To
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To make this more plain, place the convex
lens before a candle, and at a proper diftance
on the other fide, hold a piece of paper; you
will find the image of the candle very exattly
painted on this latter, but in an inverted P{)ﬁ-
tion, or upfide down, _]Uft as is reprefented in
the figures; and if you imagine the whole fur-
face of the candle to be made up of luminous
points, and the rays from each point to be re-
fratted in the manner of thofe three which are
here delineated, you will have the whole expe-
riment, with its very curious reafons, clearly be-
fore you.

But this is not the principal inference which
was meant to be drawn from this experiment.
You will find, that by holding* the paper nearer
to the lens, the image of the candle becomes
lefs clear or diftint, till at length its figure is
quite loft; and the like happens by removing
the paper beyond the proper diftance. If you
look in figure 6, you will perceive that the
image of the point p can only be painted
in its proper dimenfions, where the rays meet
at x. If the paper be held nearer, or removed
further from the lens, as at k or 1, not a point,
but a fpot will be painted on it by the rays;
and the fpot will be greater according as the

paper is removed either way from the point;
the
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the point or place where the rays meet and crofs
is called the focus. So in figure 7, when the
paper is in-the focus of the rays, each point of
the candle is painted in its proper fize and fitua-
tion with refpect to the others, as in the original ;
and therefore the whole image formed of thofe
points appears diftint, or rightly defined. But
if the paper be fuppofed to be removed out of
that focus, either towards or from the glafs, the
images of the points of the objeét will be en-
larged, and run into one another, the piture
formed of them will of courfe become indiftinét
or confufed, and that fo much the more as the
paper is further removed from the focus, till at
length it is no longer diftinguifhable.

Thus much being premifed concerning the
images of objefts, we may proceed to the doc-
trine of vifion.

In the eye are contained three humours,
the aqueous, cryftalline, and vitreous, feperated
from each other by proper coats or membranes.
A (fig. 8.) reprefents the aqueous, or foremoft,
C the cryftalline, which is in the middle, and V
the vitreous, which 1s behind, and fills up all
the back part of the eye; pp is the pupil or
hole through which the rays pafs, and R, R, R,
is the retina, placed behind all the humours, and
which is the proper organ of vifion. For the

rays
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rays of light, by ftriking againft that mem-
brane caufe vifion, in like manner as any thing
ftruck againft the fkin caufeth feeling. Thus
alfo, if you ftrike the corner of either eye with
your finger, you fee a fpot of light ; the ftroke
of the finger being conveyed by the humours of
the eye to the retina. Alfo, if the eye be vio-
lently ftruck, light is feen, as pain is felt from
ftriking any part of the body, in which is the
fenfe of feeling.

The threg humours of the eye are to be con-
fidered as fo many mediums. The aqueous s
the rareft, the cryftalline the denfeft, and the vi-
treous between both.

If a ray of light, as r R, falls perpendicularly
on the eye, it pafles ftrait on the retina, without
refraction ; for reafons which have been already
given.

But if a ray enters the eye in any other direc-
tion, it will be refracted by the feveral humours,
in the following manner.

Let R t be a ray pafling through the air to the
eye, fo as to fall on the cornea at t; and as the
“aqueous humour is denfer than air, the refrac-
tion muft be made towards the perpendicular, as
has already been explained; the ray therefore
will pafs on to the furface of the cryftalline hu-
mour
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mour in the dire&ion of tn. The cryftalline is
denfer than the aqueous and vitreous humours,
and therefore the ray will, by the refraction, be
“defleéted towards the axis of the cryftalline,
upon the principle of convex lenfes, and will at
length fall at R on the retina.

Other rays may be imagined iffuing from the
{ame point with the ray r R, fo as to occupy the
whole width of the pupil p, p, and then they
will all be refrated in like manner, fo as to
meet in the fame point of the retina; and the
image of the point r, from whence the rays flow,
will then be painted on the retina, in the fame
manner as the image of the point p in figure
6 was painted on the paper by means of the
lens.

Irbagine three fuch points, viz. O, r, B, with
rays proceeding from each of them to the eye,
analogous to what was before defcribed with re-
{pec to the lens. The rays after refraétion will
meet on the retina, in three points, b, R, o, in an
inverted fituation with refpect to their originals,
the image of the upper one being loweft, and
that of the lower one higheft; and by the fame
reafon, ‘if you place an arrow before the eye,
the image thereof will be painted in an in-
verted pofition with refpeét to the arrow itfelf,
as was fhewn of the lens, From hence yod

will
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. will alfo underftand, that the images of all ob-
jects feen by the eye are painted on the retina in
a diret contrary pofition to the objefts them-
felves ; the upper parts of thofe objects being
painted lowermoft in the retina, their right fides
on the left in the retina, and the like of other
parts.

It may be afked, ¢ How comes it that ob-
¢ jelts are feen in their proper pofition, fee-
“ ing that their images are inverted in the eye ? ™
To this it may be anfwered, that it is not the
eye itfelf that fees, but the fibres of the optic
nerve which are expanded into, and form the
effential part of the retina, convey the impref-
fion which they receive from the impulfe of
the rays, to the fenfory or feat of the mind, at
the origin of thofe nerves in the brain. Asa
proof of this, if the optic nerve be comprefied,
fo that its communication with the brain is
hindered, objets are not feen, though their
images are painted on the retina as ufual. Thus
alfo, if by leaning the head on the hand, with
the elbow refting on a table, or by throwing one
leg over another, certain nerves are comprefled,
the parts which they ferve lofe their fenfe
of feeling, as every one muft have obferved ;
which alfo fhows, that it is not the organ
of fenfe, but the mind feated at the origin
of the nerves in the brain, that perceives. The

s fibres
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fibres of the optic nerve, when they arrive at the
fenfory, are difpofed in a contrary fituation to
what they are in the eye, thofe fibres that are on
any one fide of the retina going to the contrary
fide of the fenfory ; and hence objeéts are painted
in the fenfory in their true pofition.

You may form a crude idea of it by the gth
figure, where A, B, C, reprefents the retina of
the eye, c, b, a, that of the fenfory, the fibres
Ac, Bb, Ca, of the optic nerve, and of courfe
the arrow a, b, ¢, being in a contrary pofition to
what they are in the fenfory; and even the
figure of the retina is alfo inverted ; for its con-
cavity is outwards in the eye, but inwards in
the fenfory ; and the concavity is fowards, not
from the perceiving principle, as I have elfe-
where fhewn*; for, by prefling the centre of
the eye, fo as to excite the whole retina, I found
. that the luminous appearance caufed thereby
was concave, but that the concavity looked.
towards me, which again proves that it 1s not in
the eye, but in the fenfory that the images of
objects are perceived ; for the concavity of the
retina of the eye looks the diret contrary way.
There being an infenfible fpot in the retina, and
no dark fpot in an object viewed anfwerable
thereto, 1s another argument that it is not the

M eye,

* In Philofophical Obferyations on the Senfes, <.
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eye, but the mind at the end of the nerves in the
brain that fees the object.

But to return to our fubject. It was fhewn
before that the :magﬁ of the candle refracted by
the convex lens was not diftinét, except the
paper was held at a certain diftance from the
lens; and that the reafon was, that the paper
muft be held in the focus of the rays, or juft
where the rays mect in points; or pencils, if I
may fo call them, before they crofs each other :
for, that if the paper was removed from that
focus either way, the image became confufed.
The caufe of this confufion 1 alfo fully ex-
plained ; but, previous to the application of it
to vifion, 1t will be neceffary to purfue the {fub-
ject a little farther.

If the lens be held at a certain diftance from
the candle, and the paper at a certain diftance
from the lens, the image on the paper will be
diftin&t. If now you keep the paper at the
fame diftance from the lens, and bring the
candle nearer, its image on the paper will be-
gin 1o be lefs diftinét, and its confufion will be
greater as the candle is brought nearer to the
lens. Alfo, if the candle be returned to its firft
diftance, and then removed the contrary way, or
farther from the lens, the image will become
more and more confufed, in like manner as when
it was brought necarer. The reafon of this is,

that




that when the candle is nearer to the lens, the
focus falls at a greater diftance than when it is
removed farther off. Let L. be the lens (fig. 10.)
and A, B, C, the candle at three different diftances
from it; the focus, in thefe cafes, will fall at a, b,
and c, refpectively, as you will find by tracing
the refractions of the rays from thefe feveral dil-
tances, according to the foregoing rules; and
confequently the diftance of the paper from the
lens, in order that the image may be painted
diftint, muft be varied, according to the diftance
of the objeét from the lens. If you look on the
figure, you will alfo find that the angle which
the rays make with the lens, is greater according
as the diftance of the object is lefs, and the focus
of the rays is nearer to the lens according as that
angle is lefs. The diftance of the focus therefore
depends on the angle which the rays, iffuing from
a point of an object, make with the lens.

For the fame reafon that the focus varied its
diftance from the lens, according to the diftance
of the candle from it, the focus of the rays re-
fratted by the eye muft alfo be nearer to, or far-
ther from, the cryftalline humour (which is like-
wife called & lens) according to the diftance of
the object from the eye: for when the object is
at a greater diftance, the focus muft be nearer;
and when the objeét is lefs remote, the focus muft
be more diftant. But yet in order to fee objetts
diftinély or clearly, the retina as well as the

M 2 paper
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paper in the above experiments, muft be exaétly
in the focus of the rays; for if this does not hap-
pen, it is obvious that the pictures of thofe ob-
jeéts cannot be formed on it diftinét; and yet
diftinét vifion depends on the perfection of the
images of the objects looked at, on the retina.
But if the arrow A, fig. 11, be moved nearer
to the eye, or farther from it, you fee that in the
latter cafe the focus does not reach the retina,
and in the former it would fall beyond it; con-
fequently, as the image in either of thefe cafes
would be confufed, the arrow could not be dif-
tinctly feen; but it is well known that we fee
an obje&t equally well in proportion to its appa-
rent fize, whether its diftance from the eye be
greater or lefs, Thus, the arrow when at two
vards diftance does not appear more confufed
than when only at one. The reafon of this dif-
ference is, that the glafs lens retains the fame
figure or fhape, whatever be the diftance of the
objett, and therefore, according to the laws of
'~ refraétion, the focal diftance muft vary as above.
But the eye has the wonderful faculty of adapting
its figure to the diftance of the objeét, fo as al-
ways to have the retina in the focus of the rays;
and this is effeted by means of the eryftalline
humour,” which ferves the purpofe of a convex
lens. When the objett is at a diftance, and the
focus would fall fhort of the retina, the cryftal-
line lens forms itfelf into a lefs convex figure,
~ and therefore refradts the rays lefs; fo that the
focus
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focus is made to fall more diftant than it would
naturally do. But when the object is near, and
the focus would naturally fall beyond the retina,
the cryftalline lens becomes more convex, fo as
to refract the rays more, and bring the focus
nearer, fo that whatever be the diftance of the
object, the focus, by means of this admirable
.contrivance, always falls on the retina; and of
courfe the object, at whatever diftance, is feen
diftiné&t,

The ufe of a convex lens is to make rays
converge or approach nearer to each other, as
hath been fhewn ; and the greater its convexity,
the more does it increafe their convergency :
but a concave lens, on the contrary, caufeth
rays to diverge or recede from each other, and
the more fo, as the concavity is greater. The
figures 12 and 13 reprefent fuch lenfes; the
rays falling on them in parallel directions, are
turned from their parallel, to a diverging ten-
dency, by the concave lens 4, and to a converg-
ing tendency, by the convex lens 2. The rea-
{ons of this difference will eafily be underftood
by tracing the refraction of a ray falling obliquely
on each of thefe glaffes, according to the rules

already laid down,

People advanced in years are generally obliged
to ufe fpectacles. Of fpectacles however, there are
two kinds, thofe made of concave, and thofe made

M 3 of
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of convex glafs lenfes. When the eye becomes
old, it fhrinks or lofes part of its plumpnefs or
convexity ; fo that it cannot, even with the affift-
ance of the change of figure of the cryftalline
humour, fufficiently refract the rays, and there-
fore they will converge to points beyond the
retina. A convex lens increafes the convergency
of the rays, and therefore if placed before the
eye, will caufe the focus to fall nearer to the
cryftalline humour. The {pectacles ufed by
aged people are therefore made of convex lenfes.
But the eyes of fome are more withered than
thofe of others, and thofe in whom this defeét is
greateft, require lenfes of a more convex figure
in order to make the rays converge to the retina.
Hence the reafon why the fame fpectacles will
not ferve for different people; and we find that
opticians number their fpectacles according to
the degrees of their convexity.

~ There are likewife many people who are #ear
JSighted, the defet of whofe eyes is directly the
reverfe of thofe juft difcourfed of. For they are
too plump or convex, fo that they converge the
rays before they arrive at the retina. Now the
concave lens, by increafing the divergency of the
rays before they enter the eye, prevents their
being converged fo foon as before ; and hence
according as the eyes are rhore plump, fpectacles
of greater concavity are required, in order that
the foci of the rays may be made to fall on the

reting ;
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retina ; which, as hath already been fhewn, is
neceflary to diftinét vifion, As the eye naturally
grows flatter by age, the fight of thefe people
mends as they become older, and therefore they
are faid to have the moft lafting eyes.

Having thus given a general idea of vifion, I
fhall now proceed to explain fome of the parti-
cular phenomena thereof.

- You may have obferved, that objeéts appear
through conwex lenfes at different diftances from
what they do to the naked eye. Thus, the ob-
je&k L, fig. 14, when feen by the naked eye, ap-
pears at L ; but if a convex lens be placed before
the eye, the rays, after refraction, if they were
continued on in ftrait lines, would not meet at L,
but at the point / beyond it, at which place the
objet will appear; for you may gather from
what has been faid before, that < an objes? al-
 ways appears in that place to which the rays
“ would converge, or from woich they wonld di-
“ gerge, in falling on the eye,”” It has already
been fhewn, that according as an objet is
more diftant, the angle which the rays iffuing
from a point thereof, form with the eye is
lefs'; now the eye judges of the diftance ac-
cording to that angle. As the apparent diftance
therefore depends on that angle, it follows that
the eye muft form the fame judgment of the dif-
tance of the object /, whether the rays rec/ly flow

M a from
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from that diftance, or only feem to do fo; and hence
we have the caufe of many curious deceptions of
vifion. Thus, a concave lens (fig. 15.) makes an
obje&t appear nearer, becaufe by diverging the
rays, ‘it makes them flow as from the point i,

lefs diftant than M, the point from whence they
diverged before.

If an objeét behind you be feen by refleétion
from a common, or plane mirror, it does not
appear as upon the furface of the glafs, from
whence the rays really come, but as far beyond
that {furface as the objett ifelf is diftant from it.
Let § 8, (fig. 16.) be the furface of the mirror,
A the objeét, and R 7 rays flowing from a point
of that objeét to the glafs from whence they are
refleCted to the eye. If the rays were continued
from the eye, according to the dotted lines,
they would meet in the point p, and therefore

the object muft appear as at ¢, as we find to be
the cafe.

If the furface of the mirror be not plane, but
convex, as & &, (fig. 17.) the rays will be more
diverged after refletion from the glafs to the
eye, and therefore if continued, would meet in
a point p, nearer to the eye than in the laft cafe,
and hence the object would feem to be nearer.

On the contrary, if the furface be concave, as
CC, (fig. 18.) the rays will be rendered lefs di-
verging as they flow from the glafs, than by the

plane
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plane mirror, and therefore the point p, at which
they would meet, would be more diftant; fo
that the objet would appear more remote. But
if the concavity be fo great as to render the rays
converging, as they flow from it to the eye, the
point will be before the furface as at p, fig. 19,
and therefore the object will appear lefs diftans
than the glafs.

If the object Q, (fig. 20.) be viewed through a
glafs prifin P, it will not appear at Q, but at g,
the point to which the rays after refraction would
converge. So the fhilling in fig. 2. appeared to
be removed out of its place. Hence alfo a ftick
partly placed in water does not appear firait, as
before, but bent; and other inftances of the
changes of place, or diftance of objects, by re-
flection and refraction, may be underftood by
means of this rule.

You may likewife have remarked, that obje&ts
when feen in fome cafes of refletion and refrac-
tion, appear to be bigger or lefs than naturally.
Thus, an objet feen through a convex lens ap-
pears bigger ; and through a concave lens lefs,
You will underitand the reafon of this, by ob-
ferving that the points of which their images are
compofed, are by the refrattion or refletion, re-
moved further from, or brought nearer to each
other than before. Thus, the points of the ar-
¥ow a b, in fig. 14, are, by means of the convex

lens,
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lens, removed farther from each other, than in A
B, and by the concave lens in figure 15, brought
nearer to each other than in A B, and of courfe
the objet muft appear larger in the former, and
lefs in the latter cafe, than to the naked eye.
For like reafons a concave mirror makes objetts
appear larger, and a convex one {maller than
naturally. On thefe principles the conftruétion
of telefcopes, and other magnifying glaffes de-
pend.

The image of the fame objett in the eye is lefs,
according as the diftance is greater, Thus, let
E, fig. 21, be the eye, A B an object at a certain
diftance from the eye, and a b, the fame objeét,
at twice that diftance ; the image in the retina in
the latter cafe is but half the length of that in the
former. You may prove this by placing two
fticks of equal lengths, one at a yard, the other at
two yards diftance from the eye, {o that the lower
ends of them may appear parallel, and you will
find that the nearer one has twice the apparent
length of the farther. The reafon of this is, that
the angle formed with the eye by the rays pro-
ceeding from A B 1s greater than that formed by
the rays from a b. ‘The angle which an objeét
forrns with the eye is called the vifual angle ; this
angle is diminifhed as the fame object is removed
to a greater diftance, and alfo when viewed
through a- concave lens, or by reflection from a
convex mirror; on the contrary, in proportion

as
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as the object is brought nearer, and when it is
viewed through a convex lens, or from a con-
cave mirror, the vifual angle 1s greater. ‘The
apparent fize of an object therefore, is according
to this angle. . But when this angle becomes too
large, the whole of an objeét cannot be feen;
thus, if we ftand near a church, only part of the
church can be feen at a time. And when it
becomes too fmall, objeéts ceale to be vifible;
thus the animalcule in vinegar are not percep-
tible, becaufe the angles which they make with
the eye are too fmall. A microfcope, by en-
creafing thofe angles, renders them vifible ; and
glaffes might alfo be contrived, with concave
lenfes, to render vifible objects invifible, by
decreafing their vifual angles. You may ob-
ferve that the increafing or diminifhing the vifual
angle of an objeét is the fame thing in effect with
removing the points of the image thereof to a
greater or lefs diftance than naturally, as men-
tioned in the laft paragraph.

When an objet is ftrongly illuminated; the
pupil of the eye contracts or becomes lefs, in
order that lefs light may be admitted ; and on
the contrary, when the object is but faintly
illuminated, the pupil dilates, in order that
more light may be admitted, and the image
painted ftronger. If it was not for this contri-
vance, the eye would be hurt by the great gnan-
tity of light in one cafe ; and objeéts wo . ot

be
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be vifible, on account of the rarity of it, in the
other.

At an equal height with your eyes, againft a
wall, make two fmull fpots, with ink or other-
wife, about four inches diftance from each.
Clofe one of your eyes with your finger, and
with the other look at that fpot which is oppofite
to the eye clofed ; move backward or forward,
and at Jength when you have hit the proper dif-
tance, the {pot not looked at, will intirely dif-
appear. The reafon of this is, that the part of
the retina where the optic nerve enters is infen-
fible;; and in courfe rays of light, or images of
objects falling on that part are not perceived.
This fpot is in that part of the retina which is
next the nofe. Yet if a quire of paper or the
like be held before the eye, we do not perceive
any hole or dark fpot in the fide of it furtheft
from the nofe, anfwerable to this infenfible
fpot in the retina, as fhould feem to be the cafe;
which further proves what I formerly explained,
¢« that vifion is not made in the eye, but in
« the fenfory. And it appears from hence
that there 1s no vacuity or infenfible {pot in the
retina of the fenfory, though there is in that of

the eye,

Hitherto I have confidered the eye as fingle.
1 fhall now confider vifion with refpect to both

eyes,

It
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It muft be underitood then, that every pare
of the retina of one eye has a correfponding part
in the other; fo that when the image of the fame
objett falls, in the fame manner, upon the an-
- {werable parts of both eyes, only one object is
perceived, as if the image had fallen upon one
eye only. Thus, if you look at a fhilling, you
fee it with both eyes at once, as you may prove
by fhutting one of them, and yet with both eyes
you {ee only one fhilling.

It was fhewn before that vifion is not made
in the eye, but by the nervous expanfion in the
Jenfory. If you imagine each of the fibres of the
optic nerve, of which this is formed, to be dou-
ble, or compofed of two, one of which goes to
the anfwerable part of each eye, you will be able
to form a very clear idea of this phenomenon ;
and that this 1s the cafe, appears by the follow-
ing experiment. Look at any object, fuppofe
the flame of a' candle, fteadfaftly with both cyes,
you behold it fingle ; but force one of your eyes,
out of its pofition with your finger, the objeét
is no longer feen fingle, but two flames are be-
held inftead of one; and the more the eyeis forced
out of its direction, the more diftant from each
other will the two flames appear. And this ought
to happen, according to the theory; for the
mage of the objcét in one eye, can now no lon-
ger fall on the correfponding part of the other ;

and this variation muft needs be greater, aCCD}'d*
inc
o
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ing as the eye is forced more afide, as appeaﬁ
by experiment to be the cafe.

If you fix any object againft a wall, or other-
wife, and let a perfon ftand very near it, looking
at it fteadfaftly, fo as to view it fingle, and if
then he removes backward, ftill looking at the
obje&, you will find that when he was near it;,

his eyes were turned more towards each other,

than when he was at a diftance, and that his eyes
as he retired, continually receded from eachother.
Now in order to fee an objeét well, its image
muft fall on the centre or middle part of the
retina. If any perfon looks at an objeét with
one eye, you will find that he turns his eye di-
retly towardsit; for though it may be feen other-
wife, yet it is not feen diftinét or clear, as will

be found upon trial. If you imagine a right
line perpendicular to the centre of the retina,
that right line will pafs directly through the cen-
ter of the eye to the object beheld, and this line
1s called by opticians the optic axis. When you
{ee an object fingly with both eyes, the two optic
axes meet in the object; or in other words ¢ the
¢ image of that object is then painted exactly
“ on the correfponding parts of the centres of
¢« both eyes.” Confequently when the objeét
is near, the optic axes muft meet near, or form
a greater angle, for which purpofe the eyes muft
be turned more towards each other, - But when
the object is remote, the axes muft meet at a

greater
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greater diftance, and therefore the eyes muft
be turned more away from each other as the
22d figure will alfo more fully explain, for
unlefs the optic axes meet in the object, the
images of the object are not painted on the cor-
refponding parts of both eyes, and of courfe the
object will not be viewed fingle ; the contrary of
which always happens when the axes meet in the
object. We have therefore, you find, feveral ways
of judging of the diftances of objeéts by vifion.
1. By both eyes, according as they are turned more
away from eich other to view them fingly ; 2.
By each eye, according as it muft alter its figure
for throwing the image of the objeét diftinétly
on the retina; and, 3. By the fmallnefs and in-
diftinétnefs with which objets of a known fize
appear. Thus, diftant hills appear fmaller and
more obfcured by mifts, &c. than when they
are near, and thence are known to be remote;
and there are alfo other auxiliary methods of
judging of the diftances of objeéts; as by com-
parifon with others whofe diftances are better
known, and the like.

In fome people we find that the eyes are na-
turally diftorted, or they fguinf, and yet they
fee objects fingly as well as others who have not
that deformity. In thefe people, the globe of
- one of the eyes is turned awry with refpeét to
the retina, fo that the optic axis coming from
the centre of the retina, does not pafs through the

' centre
6
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centre of the cornea, or globe of the eye, as
happens when the eye is perfeét; and therefore
when the images fall on the correfponding parts
of both retinz, the eyes will not appear to an
obferver to look the fame way. Thus, in fig. 23,
§ is the fquinting eye, N the natural one. The
optic axis of § does not pafs through «, the axis
of the globe, but on one fide of it, and of courfe
in order that the images may fall on the cor-
refponding parts of both retinz, that eye muft

be turned fo as to appear diftorted. In fome

cafes however, thefe people only fee objeéts with
the found eye, the image in the other falling on
the infenfible fpot at the entrance of the optic
nerve, already defcribed.

If the retina lofes its {enfibility, as fometimes
happens from an oppreflion of the optic nerve,
or other caufe, no objeéts will be feen, though
their images are thrown on the retina as ufual;
or in other words a total blindnefs will take
place ; and if the {enfibility be loft in part, vifion
will be lefs ftrong in proportion. Alfo if any
particular part of the retina fhould happen to
lofe its fenfibility, either wholly or in part, a
partial blindnefs, or defeét of fight, will enfue ;
the other parts of the retina enjoying their power
of vifion as ufual,

If either of the coats or humours of the eye
becomes totally opake, vifion will alfo be loft,
' becaufe

el
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becaufe no rays can then pafs to the rétina.
And if the opacity be imperfett, the fight will
become more obfcure in proportion. Sometimes
the cryftalline humour becomes opake, but if
it be removed by extraltion, the fight will be
reftored, except that a convex glafs lens is re-
quired to be ufed, to fupply the place of the
humour loft. This is not requifite when the
aqueous humour is extratted, as that humour foon
regenerates ; which the cryftalline does not.

In fome cafes the opacity is not total, but
only partial ; and fometimes there is a difficulty
of knowing in what part of the eye the opacity
exifts. The doétrine of vifion already explained
will affift in afcertaining it.

When large particles float in the aqueous
humour, gnats, flies, webs, and the like, feem to
float before the eyes.

When a perfon has the jaundice, and the eye
becomes tinged yellow, the objects feen appear
alfo to be tinged with that colour.

OF THE COLOURS OF LIGHT.

Into fuch an hole of a window-fhutter as was
defcribed at the beginning of this chapter, let a
beam of the fun’s light be admitted, and it will

_ painta round white {pot on the oppofite wall.

N But
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‘But if the beam paffes through a glafs prifin,
fo that it may be properly refracted, the round
fpot will be changed into an oblong one; and
inftead of being white, as before, i1t will appear
of various colours; its lower part will be red,
its upper part violet, and the intermediate parts
of other colours. If other prifms are ufed fo
as to refratt the beam again fufficienty, the
colours will be found to lie in the following
order; red, orange, yellow, green, blue, indigo,
violet, the red running gradually through all its
fhades into orange ; the orange into yellof, and
. the others into thofe next following, till we come
to the deepeft violet. From whence it is plain
that light confifts of rays of”various forts ; fome
“of which are more refracted by the prifm than
others, the red making rays leaft, the violet
moft, and the others intermediate to thofe ac-
- cording as they ftand in the above feries.

The rays of light therefore are not alike, for it
appears that fome of them are more, others
lefs eafily refracted by the prifm. Thefe dif-
ferent rays have alfo the property of caufing
different colours in the eye, the leaft refrangible
ones cauling red, the moft refrangible violet,
and the others other colours according to the
order defcribed above; and all the colours in
the univerfe depend on this diverfity of the
rays. When all the rays are mixed together
they caufe a white colour, and hence the light
3l of
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of the fun, which is compofed of all forts of
rays, appears white. If the blue and yellow-
making rays are mixed together thev caufe a
green. If red and violet ones are thus mixed
they caufe a purple. And mixtures of other
rays produce other colours. The colours of all
bodies depend on the kind of rays which they
reflect to the eye. Thus paper refle(ts all the
rays equally, and thence appears white. But if
we put a flip of paper in the red part of the
Jpecirum (for fo the long fpot of coloured light
made by the refraction of the prifim is called by
opticians) we find that it no longer appears
white, but red, becaufe now it refleéts only the
red-making rays to the eye. If we place it in
the blue part of the {fpeCtrum, it appears blue,
by reafon that it now reflets only the blue-
making. rays. Sealing-wax naturally appears
red, by refle&ing moft copioufly the red-maks=
ing rays, but if it be held in the blue part of the
{petrum, it appears no longer red, but blue;
and the like may be obferved of other bodies.
Painters knew part of this doétrine by practice,
long before the theory was found out. Thus
by mixing a blue and yellow colour together,
they compound a green. Red and blue, a pur-
ple; and by mixing {everal compound colours,
which, together, contain all the original colours
mentioned above, in proper proportions, they
form a white, and the like. That is, thofe mix-

tures reflect the rays producing thofe refpective
N 2 colours
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colours to the eye, and thence appear to us of
thofe colours.

If water be made tenacious with foap, and then
blown into a bubble, it 1s well known that after a
while a variety of colours will appear. Thefe co-
lours depend on the thicknefs of the coat of the

bubble, and vary continually as the thicknefs de-
creafes.

To explain the reafon of this, let 4, B, C,
(fig. 24.) reprefent a thin plate of air between
two glaffes, the upper one A B being plane, and
the lower one convex ; and let the lines inclining
from the right to the left reprefent the red-mak-
ing, or leaft refrangible rays, falling, without
any others, on the plate of air. It will be found
that from the concourfe of the glafles 4, to &
the rays will pafs through that plate, or be tran{-
mitted ; but from 2 to 4 they will be refletted.
From & to ¢ they will be tranfmitted ; but from
¢ to 4 they will be refle€ted; and fo on alternately,
according to the thicknefs of the plate of air.

In like manner, if upon the bubble of water,
we throw only the red-making rays, the bubble
will not become varioufly coloured, as is the cafe
‘when rays of all forts fall on it, but rings of red °
and black alternately will be feen. The red rings
are caufed by the rays refletted at thofe thick-
neflfes of the bubble, the black ones arife be-
caufe no rays are refleCted at thefe thickneffes ;
and if the bubble be viewed on the contrary fide,

or
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or by the tranfmitted rays, thofe parts which by
the refletted light looked red, will now appear
black ; and contrariwife.

When therefore the rays entered the air any
where between 4 and a4, they preferved their
difpofition to be tranfmitted till they arrived at
the further furface of the air, and therefore were
tranfimitted. But when they entered the air at
the thicknefs any where between @ and 4, they
loft their difpofition to be tranfmitted by the
time that they arrived at the further furface of
the plate, and therefore were not tran{mitted,
but, refletted. ‘The like may be obferved of the
thicknefles, 4, ¢; ¢, d; d, e; &c. but the thick-
nefs ¢ d being double that of 2 4, the rays muft
have had two fits or difpofitions to be reflected
in their paffage through the latter thicknefs, and
for the fame reafon they muft have had two fits
~or difpofitions to be tranfmitted during their paf-
fage through the thicknefs 4 ¢; and fa in pro-
portion for a greater thicknefs. From hence it
appears, that the rays of light do not move on
uniformly, but by fits, or ftarts ; that if they
arrive at the further furface of the plate in the
progreflive fit, they break through that furface
and {o are tranfmitted; but that if they arrive
at that furface between thefe progrefiive fits, they
are on the contrary reflected. This pulfatory
motion of a ray of light is called the vidration of
the ray.
: N 3 The
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The rays of light of all other colours move on
in like manner by fits or ftarts, or have a like
vibratory motion, but with this difference, that
their vibrations are {wifter ; that is, they have a
greater number of them in the fame time, or in
moving through the fame fpace, than the red-
making ones, The violet-making rays, for ex-
ample, vibrate almoft twice as {wift as the red;
that is, though they move on with the fame ve-
locity as the red, yet in moving through the fame
fpace they make almoft twice the number of vi-

brations, Hence the violet rays begin to be

refleted at a lefs diftance from 4 than the red
ones, at ¥ for example ; and begin to be again
tranfmitted at a lefs diftance than 4, or even
within 4, and fo on continually; and the times
of vibration of the other rays, and of courfe the
fpaces or diftances from 4, at which they begin
to be refle¢ted and tranfmitted, are greater than
thofe of the wiolet, in proportion as thofe rays

are nearer to the red ones in the {peftrum; that

is, in the order of violet, indigo, blue, green,

o LS ST S SRS, . T
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yellow, orange, and red, Agreeable to this theory

we find that in the bubble of water on which all
forts of rays fall, the red in every order of the
colours is outermoft, and the violet inwards; the
other colours lying between, according to the or-

der of their reflection as above ; fo far at leaft, as -
from their mixture in fo fmall a compafs they -

can be diftinguifhed from each other.,
*+ From
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From this curious theory we have the caufe
of the colours of bodies; the particles of which,
according to their different fizes or thicknefles,
refleét rays of different colours to the eye, on the
fame principle as thefe colours are exhibited by
different thicknefles of the bubble. Sir Ifaac
Newton, to whofe tranfcendent genius we are
indebted for this theory, has even calculated the
thicknefles of a bubble of water, and of the par-
ticles of bodies, requifite to their exhibiting the
various colours.

From hence alfo we are furnithed with the
folution of a variety of phenomena in chemif-
try. If an acid be added to a blue vegetable

. infufion, as fyrup of violets, it changes its co-
~ lour to red. If an alcali be added to the fame
fyrup, it alters the colour to green; which
arifeth from hence, that the fizes or thicknefles
of the colouring particles of the {yrup are in
thefe cafes varied by the refpeétive additions, fo
as to caufe them to reflect rays of different co-
lours. The particles of venous blood exhibit a
deep red ; but by expofure to air, and the con-
fequent lofs of their phlogifton to that fluid, their
fizes or thicknefles are altered fo as to refleét
thofe rays which conftitute fcarlet. By mixing
chemical liquids, ’tis well known that a variety of
odd changes of colour fucceed, which are eafily
accounted for by this theory. But for farther
information in this curious doétrine the reader

N4 '8 15
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is referred to the illuftrious author juft men-
tioned, and alfo to the ingenious Mr. Delaval’s
treatife on colours. I have only introduced thus
much of it to explain the vibrations of the rays
of light, the underftanding of which will be ne-
ceffary to what will be advanced in a future
chapter relating to vifion.

I have now gone through as much of the de-
lightful {cience of optics as is neceflary to the
illuftration of the doftrine of vifion; with the

following particular therefore, I fhall clofe this
chapter. ;

The refrangibility of the rays of light as above
defcribed, is caufed by the attrating power of
the prifm; and as the violet-making rays are
moft refratted, and the red-making ones leaft,
it follows that the former are fo conftruted
(whether by being compofed of fmaller particles,
or otherwife) as to be more eafily drawn out of
their right-lined direction.

When incombuftible bodies are heated, it is
well known that they fhine, or emit light. They
are then faid to be ignited. Now the rays that
are leaft refracted by bodies are moft eafily ex-
pelled in ignition; for bodies when heated, firft
fhine with a red-coloured light; and this argues
that as the red-making rays are leaft attratted
by the prifm, fo the particles of which they are

compofed




compofed are retained by bodies with leaft force,
As the heat increafes, the particles which con-
ftitute the more refrangible rays begin likewife
to be expelled, and by their mixture with the
others, the red colour of the body verges more
towards white ; and when the heat is {fufficient,
- {o as to expel all the particles equally alike, the

colour muft be white; hence the body is faid to
be white bot.

But the flames of phofphorus, of fulphur, and
of fome other bodies are not ignited, for if they
were, they would fhine with a colour fomewhere
betwixt reddith, and white, for reafons juft
given. On the contrary, their colours are dlue s
- their light therefore muft be emitted on a difs
ferent principle from that of ignition,

To underftand the reafon of this, fuppofe that
either the inflammable body, or the air, contains a
quantity of particles of light; and that in the
procefs of combuftion it is transferred from the
one of thofe fubftances to the other. But that
the quantity extricated from the one, is greater
than the other can abforb. That therefore which
is not abforbed will fly off, or appear, under the
form of /ight. ‘

As 1n ignition bodies retain the blue light
moft powerfully, and part moft eafily with the
red,
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red, and other particles which compofe the lefs
refrangible rays, {o in combuftion the abforbing
fubftance will, for the fame reafon, moft eafily
acquire the particles which compofe the lefs re-
frangible rays ; with which being firft faturated,
the others remain behind as the fuperabundant
particles above {poken of, to be driven off in
the form of /ight. The flame therefore muft

appear of a dlue colour, as we find by experience
to be the cafe. '

From hence therefore it appears that light
exifted in a latent ftate, either in the air, or the
inflammable body, as was mentioned before.
For that part of it which was not abforbed, af-
fumed the form of the more refrangible or blue-
making rays; and of courfe, if that which was
abforbed had alfo refumed its luminous ftate, it
would have conftiruted thofe rays which are lefs

refrangible.

It may be obferved, that thofe flames which
are hotter than the above, as of tallow, oil, &c.
are alfo fpmited ; and therefore their colours are
compounds of the lights of ignition and of com-
buftion.

The blue light of the latter may be feen at
the bottom of the flame. For the particles take
fome little time to become red hot; and there-

' - fore




fore they do not begin to emit the light of igni-
tion till they have afcended fome little way up
the vapour. When the flame is fufficiently mi-
nute, nothing but this blue light is feen.
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OUND is demonftrated by philofophers -

to depend on the air: for if a bell be ftruck
in a veflel exhaufted of air, it yields no found.

I have already fhewn that the particles of air
are elaftic, or that they repel one another, and
therefore are kept at a diftance from each.

If a mufical firing, ftretched fufficiently tight,
be drawn into a curved figure, and then let go,
it caufeth a found.

The found is occafioned by the vibration of
the {tring, or motion of it continually to and
fro, in the manner of a pendulum, till it returns

to a ftate of reft.
As
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- As the ftring moves to and fro, it drives the
particles of air contiguous, a little forward.
Thefe particles urge on thofe next them, thofe

again others, and fo on to a diftance, till the force
of the ftroke is fpent. Hence

1. The effet of one ftroke or pulfe will be
propagated to a greater diftance, according as
that pulfe is ftronger. Thus loud founds are
heard at a greater diftance than weak ones.

2. The effet of a pulfe or ftroke, is propa-
gated through the air in #ime, and the time is
greater according to_ the diftance. For it muft
take up twice the time for a pulfe to be propa-
gated two miles than cne. Hence when we are
at a diftance we fee an objet ftruck, or view the
flalh of a gun, fome time before we hear the
found, and this difference is greater according
as we are at a greater diftance. Sound moves
about 1142 feet in a fecond; and all founds,
whether ftrong or weak, move with equal {fwift-
nefs ; the particles of air, like a pendulum, vi-
brating in- equal times, whether the latitude of
that vibration be greater or lefs,

3. For while the firing is going back after
the ftroke, the particles of air, which it imme-
diately impelled, return to their former places,

- or rather beyond, in the manner of a pendulum ;.

and the particles beyond thefe do the fame in a
continual
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continual fucceffion, according to their diftance ;
but when the ftring returns, it again drives them
forward as before, and fo on alternately, as long
as the ftring continues to vibrate. This agita-
tion is propagated alike on every fide, from the
- ftring through the air.-

This reafoning however, is fomewhat abftrufe:
In order therefore to form a clearer idea of this
matter, drop a fmall round pebble into a pond
of water; immediately a ring, or circle will be
{een, propagated from that point, and {welling,
or extending itfelf to a diftance. This ring is
fucceeded by another, that again by another, and
fo continually, till the effet ceafes. If inftead
of rings, or circles, hollow fpheres be imagined to
flow in like manner, from the vibrating ftring,
~ it will give a proper idea of the manner in which
founds are propagated through the air. But as
air is above 800 times rarer than water, the waves
or pulfes of air, move above 800 times as faft as
thofe of water. The founds of all other bodies
are caufed by like vibrations of the bodies,
and thofe vibrations caufe fpherical waves or
pulfes in the air, in the {fame manner as hath been
defcribed of mufical firings.

Some founds are more acute or fhrill; others
lower, or more grave. Thus, a woman f{ings
in an high, thrill voice, but a man much deeper ;
or the difference may be ftill better illuftrated,

by
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by means of an harpfichord or organ. The tre-
ble keys, or thofe on the right hand, caufe higher
notes ; and the bafs keys, or thofe on the left,
notes which are deeper; and there is a regular
gradation of them, from the higheft, or moft
thrill, to the loweft, or moft grave.

The ftrings which yield the high notes are

fhorter, fmaller, and drawn tighter than thofe |

which give the low ones; the vibrations of the
deepeft bafs ftrings are fo flow that they may be
feen by the eye. They are fwifter as we approach
towards the treble ftrings, and in thefe latter,
the vibrations are fo fwift, that the eye can no
fonger diftinguith them. The founds therefore
are higher in note, according to the fwiftnefs of
the vibrations of the flrings; and the like may
be obferved of the founds of other bodies. Now
as every vibration of the ftring caufeth a wave or
pulfe in the ajr, it follows, that the acutenefs of
the found is greater, according as thefe pulfes, or
waves fucceed each other more fwiftly on the
ear ; or according as there are a greater number
of them in a given time. Pulfes that are twice
as fwift as others, caufe founds which are oftaves.
Pulfes which are four times as {wift as others,
caufe double otaves, and {o on.

~ Two founds whofe pulfes fucceed each other,
equally fwift, are anifons ; their pulfes happening
at

S T i
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at the fame inftant of time, and hence an unifon
is the moft perfect concord in mufic,

Two founds whofe pulfes are in fwiftnefs as
two to one, are oftaves. Their pulfes meet at
every fecond vibration of the fwifteft, and at
every vibration of the floweft. This therefore
is the fecond concord in mufic.

The {founds whofe pulfes are as three to two,
meet at every fecond of the floweft, and at every
third of the {wifteft. This concord is called a
fifth, and is the third and laft perfect concord.

Sounds whofe pulfes are as four to three, as
five to four, asf{ix to five, &¢c. are lefs harmo-
nious when founded together, than the concords,
-and are therefore called difcords, and they are
more difcordant, according as their pulfes meet
lefs frequently.- They are ufed in mufic to give
a variety to the concords, which would other-
wife be too lufcious for the ear,

On this coincidence of pulfes depends ano-
ther curious property of founds. If two mu-
fical ftrings are drawn into unifon with each

_other, and one of them be put into vibration,
1t will caufe the other alfo to vibrate, fo as to
yield a found. This fecond ftring is put into
vibration by the pulfes excited in the air by the
firft, which. pulfes correfpond with the times of
vibration
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vibration of this fecond ftring; the found of a
fute, the voice, &c. in unifon with a ftring,
would equally put it into vibration.

A ftring will alfo be affected in this manner,
though in a lefs eminent degree, by a found
which is an oltave to it; and in a degree ftill lefs
by a found which is a fifth. But as the coinci-
dence of the pulles is not at every vibration, the
effect, efpecially in the latter cafe, is not confi-
derable ; and therefore unifons only are ufually
confidered in this view.

I fhewed before, that light moves on in a
right line ; and when the ear is fo fituated, that
the found may come to it, directly from the
fonorous body through the air, the found is
heard direély in that fituation. If four fonorous
bodies are placed eaft, weft, north, and fouth,
and no obftacle intervenes, their founds are
heard direttly in the lines of their refpective
fituations.

I explained likewife that light is reflected in
an angle equal to that of its incidence, and the
“fame happens with found. If a found coming
from a body be reflected by a wall, or hill beyond
us, the original and refle¢ted founds are both
heard in their refpective fituations, . Echoes are

founds reflected according to this law.

There
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There is, however, this difference between
light and found, that an object cannot be feen
out of the right line, or in the fhade. But found
being made; not by the emiffion of particles in
right lines, like light, but by preflion, or pro-
pagation through a medium, or fluid, which is
on every fide, founds may be heard out of the
right line; or when the bodies yielding them are
not feen, only they are heard to lefs advantage.
Thus an echo is heard moft perfeétly at the place
where the found 1s refleted in the angle equal to .
that of its incidence. But it may alfo be heard

in other places.

Wheﬂ found paffes through an hollow tube
_ of a conical form, it is ftronger; or louder at its
exit through the fmaller aperture, than 1t was
at its entrance at the larger. The reafon of this
1s obvious, the found being condenfed in 1ts paflage
through the tube. On this principle, efpecially
-when conjoined with the following, ear-trumpets
are formed ; the founds being collected by the
large aperture of the tube. and thrown in a more

condenfed form on the ear.

When found pafles through a long tube, it is
alfo ftronger at its exit, than it was at'its entrance.
For as light refle¢ted by mirrors is brighter and
hotter, fo, found reflected by elaftic bodies, is
made ftronger, or louder than before, The found

O n
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in pafling through the tube is continually reflet-
ed by the fides thereof, and of courfe condenfed
and ftrengthened in the axis. Hence fpeaking-

trumpets, horns, &c. encreafe the loudnefs of
found.

When founds are weak, the tympanum has
the faculty of becoming more tight, fo as to re-
ceive a ftronger impreffion from them. On the
contrary, when the founds are ftrong, the tym-
panum relaxes, fo that the impreffion which they
make on it may be lefs violent. This 1s analogous
to the contra&tion and dilatation of the pupil of
the eye in like circumftances.

Diftance is judged partly by the faintnefs and

indiftinétnefs of the found, and partly by other
means not yet wholly difcovered.

C Haks
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F a body be let fall in vacuo, it will defcend

towards the earth with the greateft velocity

or {wiftnefs that the power of gravity is capable

of giving it. A feather let fall in an exhaufted re-
ceiver defcends to the bottom as faft as a fhilling.

But if the feather be let fall in a fluid, its
defcent will be hindered, and that more accord-
ing as the fluid is denfer; fo that if the fluid is
of equal denfity with the feather, the latter will
not deicend ; and if the feather be rarer than the
fluid, it will, on the contrary, levitate, or rife to
the top. See likewife what was faid of fpecific
gravity in the introduction,

A feather and a fthilling, in vacuo, defcend
with_equal velocity. In air the feather hardly
defcends at all, becaufe of its rarity : whereas
the thilling, being much denfer, is very little in-
terrupted by the air in its defcent. But in quick-
filver, the fhilling rifes to the top as well as the
 feather, though with lefs velocity.

O 2 Now
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Now the fundamental law in hydroftatics de-
pends on the force with which any body defcends
in a fluid. In vacuo this force is greateft of all ;
in air ’tis lefs; in water ftill lefs, and in quick-
filver, or other denfer fluids, ftill lefs than in

water. ‘The force of defcent is called the weight

of the body in the given fluid. And hence we
fay that any body, fuppofe gold, weighs lighter
in air than in vacuo ; lighter in water than in air,
-and lighter in quickfilver than in water.

If I would know the comparative weight of
wvory in water and in air, I faften the ivory by a
flender thread to one of the fcales of a balance,
{o as that it may hang down below the fcale;
I weigh it in air, and find that it weighs 60
grains. I now let the fufpended ivory down into
water in a bafon, the {cales themfelves remain-
ing in the air, and find that the ivory weighs
lighter in the water than it did in the air, the
fcale with the weights in it defcending. I there-
fore add weights to the {cale to which the ivory
is fufpended, - till the equilibrium is reftored,
and find that 31 grains are neceffary for that
purpofe ; 31 fubtratted from 60, leaves 29; fo
that a piece of ivory, which in air weighs 60
grains, weighs, in water, only 2q.

Solid bodies are weighed in fluids for the pur-
pofe of difcovering their fpecific gravities. I
would know, for example, the proportion that

the
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the {pecific gravity of ivory bears to that of lead,
I take a piece of each of them, weighing in air
‘exaCtly 60 grains each. By weighing them in
water, I find that the lead lofes g3 grains, and
the ivory 31 grains. Confequently the fpecific
gravity of lead, 1s to that of ivory as 31 to 5,
or in the inverfe proportion of their weights.
That 1s, lead 1s above five times heavier than
tvory. In this manner may the {pecific gravities
of folids be afcertained. If the folid to be
weighed is liable to be diffolved in water, it may
be weighed in fome other fluid, in which it will
not be diffolved. In oil, fpirit of wine, or
quickfilver, for example,

By this method the comparative fpecific gra-
vities of folid bodies may be eftimated. Thofe
of liquids may be difcovered in a manner fome~

what fimilar,

The proportions of the fpecific gravities of
water, and oil of vitriol, for example, are re-
quired. I take a piece of lead, which in air, I
find to weigh 455 grains. I weigh it in oil of
vitriol, and afterwards in water, and the weights
are 379, and 414 grains, The lofs of weight in
the firft cafe is 76, in the latter 41 grains; thefe
numbers are inverfely as their fpecific gravities ;
and of courfe the fpecific grayity of oil of vitriol,
is to that of water, as 76 to 41 ; that is, almoft

twice as great. It is by thefe means that the
£ 3 tables
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tables of fpecific gravities of bodies are con-
‘ ftruéted, and their denfities known.

On this principle likewife, bydrometers may be
conftructed, which are fo ufeful for difcovering
the purity of vinous fpirits, and other liquids. If
a piece of metal, glafs, &c. be made hollow and
thin, it will fwim in a liquid fpecifically lighter
than itfelf; but with this difference, that the
lighter the liquid, the deeper will fuch a veffel
fink, or be immerfed therein. Spirit of wine
1s lighter, according as it 1s more pure, and there-
fore the deeper fuch an inftrument finks in it,
the greater is its purity. But the hydrometer
moft frequently ufed, is a thin, hollow globe of
copper (g, fig. 25.) with the handle 4. This
globe is fo contrived as to be barely fuftained
in fpirit of a certain purity or denfity, which
therefore is called proof. 1If it finks in a {pi-
rit, the fpecific gravity of the latter is too little,
or it is above proof. 1f it requires an addition of
weight to make it fink, the fpecific gravity of
the fpirit is too great, that is, it is not fufficiently
pure. And as heat, by expanding bodies, leflens
their fpecific gravity, there are bits of metal,
or the like, to be occafionally fcrewed on to, or
taken from the point p, anfwerable to the degree
of heat, and the confequent charfge of fpecific
gravity of the liquid. |
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\LEcTrICITY is applied to medical purpofes,

and frequently with good effect. I fhall

therefore next proceed to give the reader an idea
of that entertaining branch of philefophy.

Bodies are divided, by writers on this {cience,

into elefrics and non-eleftrics.

The eleétrics are glafs, amber, rofin, fulphur,
air, filk, and certain other fubftances ;

The non-eleftrics are metals, water, the earth,
animal and vegetable fluids, &c.

Eleétricity is an exceedingly fubtile and elaftic
fluid, which may be rendered fenfible, by its
effelts, to the feeling and other fenfes.

Eletrics are impervious to the eletric fluid.
Non-elettrics are readily pervaded by it. For
this reafon the latter are alfo called condu&ors,
the former non-condutiors of eleClricity.

0 4 {t
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It was fhewn in a former chapter, that different
bodies have different capacities for containing
fire; and that at the common temperature fome
bodies retain a greater proportion of it than
others. But that fire has a tendency to diffufe
itfelf over all bodies in fuch a manner as to pre-
ferve an equilibrium with regard to their capaci-
ties.for containing it; or in other words, till thofe
bodies are reftored to an equal degree of fenfible
heat. 'When an hotter body is applied to a colder
one, the former lofes, and the latter gains heat,
till the equilibrium between them is reftored.

The fame rule obtains with regard to eletri-
city. Some bodies naturally retain more of it
than others®; but yet there 1s a like tendency
to an equilibrium, as in the cafe of fire; with
this difference, that whereas it 1s fome time before
the equilibrium is reftored with refpect to heat,
in electricity 1t 1s effeted in an inftant.

The equilibrium is deftroyed by feveral me-
thods; but that ufually employed is friétion.

If glafs, which is an eletric, be rubbed with
leather, a non-electric, the part of the furface of
the

* This holds good not only with different bodies, but even
with the fame body in different fates, as was fhewn with regard
to fire. Thus gIa;[a is an eleétric i mn the mdu-al_-,f temperature of
the atmolphere, but if made hot it becomes a condudtor. Water
is a conductor ; but if frozen with a due degree of cold it be-

comes an eleftric: and this is alfo the cafe with water in its
elattic flate, |

s
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the former which is affeted by the frition, will
become difpofed to attraét* or receive the elec-
trical fluid. It will therefore flow from the lea-
ther to the glafs; and of courfe from the non-
ele@rics around to the leather, in order to reftore
the equilibrium,

This increafed attraction, or difpofition of the
glafs to receive electricity, however, is but mo-
mentary ; for as foon as the frition is over, it
diminifhes ; and the glafs gives out, by degrees,
the whole of the fluid which it had abforbed.

If feathers, or other light, non-eletric fub-
ftances, be applied to the glafs in this ftate, they
violently attratt its redundant eleétricity, and
therefore the glafs itfelf which contains it. But
as the glafs 1s heavy, and the feather light, inftead
of the former moving towards the latter, the fea-
 ther, as being moft eafily moved, will ruth upon
the glafs.

But when the feather has taken fo much elec-
tricity from the glafs, as that an equilibrium
obtains between them, they mutually repel each -
other, and the latter, being the lighteft, is dri-
ven away : nor will it be attratted again till it
has touched fome other fubftance, to which it

may

* The term attrafion, though ftriéily {peaking it may be im-
proper, yet having been commonly ufed as being moft convenicnt

for the comprehending of the phenomena of eleétricity, 1s licre
retained,
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may impart its acquired eletricity. Having
done this, it is again attracted by the glafs, and
afterwards repelled, for the reafons juft given :
and this happens till the feather and glafs have
only their natural quantities of eletricity, when
the attraction and repulfion ceafe.

To collect this fluid for the purpofe of expe-
riments, philofophers have contrived the follow-
Ing apparatus.

A glafs globe G, (fig. 26.) is mounted, and
furnithed with a rubber R, as in an eletrical
machine. The rubber is a piece of leather, ftuff-
ed, and faftened on a brafs handle, with a {pring,
fo as to prefs againft the globe. A gun-barrel,
or other non-eleétric body is nfulated, (that is,
{fufpended by filken ftrings, or otherwife, fo as to
have no communication with any non-eleétric ;)
one end of it armed with points, being at a fmall
diftance from the globe. This is called the prime
conductor (€). It may be obferved, that the rub-
ber thould alfo be infulated, or fixed upon baked
wood, glafs, or the like, fo as not to be in con-
tact with any other non-eletric.

If the globe be whirled round by means of
the wheel /7 and the ftring §§, a friction will
take place between it and the rubber, and it will
become difpofed to receive ele@ricity ; as men-
tioned before. It will therefore begin to draw
the eleftric fluid out of the rubber; but as the

PEU"IZS
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parts of the furface fucceffively rubbed, will aifo
prefently begin to let it go again, it will be at-
trated by the condutor (C), and accumulated
thereon. But when the fluid is all attracted from
the rubber, the accumulation on the conductor

can be no farther increafed, and the procefs is at
a ftand.

If however, the rubber be made to commu-
nicate with the floor, the earth, or any other non-
eletric, (as might eafily be done, by means of a
metal chain, or other conduéting fubftance,) the
eletricity contained in thofe bodies will flow to
the rubber to reftore the equilibrium. The globe
may again be excited by fri¢tion againft the rub-
ber. The operation may be continued at pleafure,
and the fluid may be accumulated on the conduct-
or in ftill greater quantity.

It may at firft view be imagined that the fafter
the globe is whirled, the more eletricity will be
thrown on the condutor. But this will not hap-
pen when the velocity of the rotation exceeds a
certain degree, becaufe the difpofition given to
the parts rubbed, of abforbing eletricity, does
not go off before thefe parts fucceflively arrive
at the conductor; and to the effe in queftion,
it is neceflary that they thould on the contrary
have begun to give out their acquired eletricity
by that time,

As
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As there is a violent tendency in the eleétric
fluid to difperfe itfelf in equilibrio in all bodies,
according to their difpofitions for retaining it,
any non-clectric applied to the conduttor, hav-
ing a lefs relative quantity of that fluid, will
take from it fo much of its eleétricity as to re-
ftore an equilibrium between them ; or the fluid
will ruth with great violence from the conduétor
mnto the body, in order to reftore that equili-

brium.

The human body 1s a non-eleétric, and of courfe
this will"alfo be the cafe withit, If the finger, or
any other part, be applied to the conduétor, the
fluid rufhes with great violence into that part, and
hence the unealy fenfation, or painful thock which

1s felt on thofe occafions.

If the perfon ftands-en a non-eleétric, the fluid
will pafs thro” his body into the floor, &c.

But if he ftands on an electric, (fuppofe refin,
or glafs,) the fluid which he received from the
conductor will remain in his body, being hin-
dered from pafling off by that electric, and by
the air on every fide around him, which is alfo
an eleétric; and therefore he will be eleérified
as well as the prime conductor; and indeed an
human body thus infulated, or placed on eletric

fubftances, might ferve for a prime conduétor,
and
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and receive an accumulated quantity of elec-
tricity.

If any perfon not eletrified, or any non-
ele@ric, be applied to the perfon thus electrifed,
or, which is the fame thing, if he fteps on the
floor, or touches any other non-eleftric not in-
fulated, the fluid will ruth from him into that
other body, the fame as it would from the con-
dutor ; and he will feel the fame {enfation at
parting with the fluid as he did in receiving it
from the conduftor. ’Tis remarkable that a
vifible {park, and a fnapping noife happen on
thefe occafions, together with a {ulphureous, or
phofphoreal fimell.

If the electrified perfon touches another who
1s infulated, or placed on eleétrics, the fluid will
not pafs off entirely, as happens where the per-
fon, or other non-eleéric touched is not elec-
trified, but only half of the accumulated fluid
will pafs from the former into the latter, or fo
as to preferve an equilibrium of the fluid be-
tween them. Both thefe perfons therefore will
be eleftrified, but only half as much as the firft
was before fuch communication,

‘When a perfon is electrified, the fluid may be
drawn off from him at any part by applying 4
non-electric fubftance to that part. Thus, if the -
finger, knuckle, a key, or the like, be applied ™
to the eye, the fluid will be difcharged through

that
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that organ. If it be applied to the ear, the fluid
will be difcharged into it through the ear, and
{o of any other part. Hence in medical electri-
city, we can draw off the fluid through any part
that happens to be affe€ted, and thereby are fre-
quently enabled to do fervice, or even effett a
cure. The fluid may alfo be received into an
infulated body at any particular part. It may
likewife be made to enter the body at any part,
and pafs through, or out of it at any other part,
by letting the prime conductor, and the non-
eleftric properly communicate with thofe parts.
Thus, if a finger touch the prime conduéor,
and the toe the floor, the fluid will enter the body
at the finger, and pafs out of it at the toe.

When the human body, or other conduétor,
contains more of the eleétric fluid than it naturally
would, 1t is faid to be eletrified pofitively, or plus.
But if it be made to contain lefs of that fluid than

its natural quantity, it is faid to be eleétrified ne-
gatively, or miius.

It was fhewn, for example, that when the rub-
ber is infulated, or has no communication with
other non-electrics, the excited globe prefently
draws away all the elericity which that rubber
naturally contains, and which is again attradted
from it by the prime condutor. The conduétor
therefore is eleétrified pofitively, or has more of
the fluid than its natural quantity, the rubber on

the
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the contrary is ele@rified wegatively, or has le/s
of the eleftric fluid than it would naturally con-

tain. From whence it will eafily be perceived,
that whereas the conductor will part with electri-

city to any non-eletric applied to it, the rubber
will, on the contrary a#traf? ele&ricity from fuch
non-electric ; thefe oppofite affections of thofe
bodies being equally the effetts of the tendency
of the fluid to reftore the equilibrium.

Thus, fuppofe three bodies, hot, lukewarm,
and cold. The lukewarm body applied to the
cold one, will communicate fire to 1t, till both
become of an equal heat. But if the lukewarm
be applied to the hot one, the latter will com-
municate fire to the former ; and when the equi-
librium is reftored between them, they will both
be hotter than naturally, as in the other cafe they
were colder.

In like manner, if the human body, or other
non-€leétric, infulated, touch the prime conduc-
tor, part of the fluid will ruth from the conduétor
into the body, and they will both be eleétrified
pofitively, though in a lefs degree than the con-
duftor was before. But if the body touch the
rubber, the eletricity which the body naturally
contains, will on the contrary, rufh from the
body to the rubber, till an equilibrium obtains,
and then both will be eletrified negatively, tho’

3 n
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in a lefs degree than the rubber was previous tg
fuch communication.

If now the machine be worked, the globe will
again attract elericity from the rubber, and the
rubber from the infulated human body in con-
tact with it; the fluid will be accumulated upon
the conducor; and this procefs may be continued
till all the electricity which the body naturally
contains, be drawn outof it, when the procefs will
be interrupted, or ceafe, as before. The body
therefore will now be eleérified minus, in the
greateft poffible degree, and will therefore attralt
the eleétric fluid with the greateft violence from
any non-eleétrics which contain it ; and thus may
we eleCtrify with the body in a negative ftate as
well as when in a pofitive one ; for whether the
body receive or part with this fluid, the fenfation
and other effe@s are the fame, fo it be done in
an equal degree. It may likewife be remarked,
that if the body be in a negative ftate, yetif a
body ftill more negative be applied to it, it will
part with eleétricity to that body ; on the con-
trary, if it be in a pofitive ftate, yet if a body
ftill more pofitive be applied to it, it will receive
eleCtricity from that body; and the fenfation,
and other effects will be the fame as if the diffe-
rences, which are here only relative, had been
abfolute. '

Hitherto I have difcourfed only of fimple
ele@rification, I fhall now proceed to the elec-
tric
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tric thock, or of the famous phenomenocn of the
Leyden phial.

Let a pane of glafs be coated, or covered with
tin-foil, or other proper non-eletric matter, {o
as to leave a fufficient margin all round, See
figure 27. and let one fide of this coated pane
be made to communicate with the infulated
rubber by means of a non-eleétric, fuppofe a
wire. If now the machine be worked, the globe
will attraét the eleCtricity from the rubber, and
the rubber from the fide of the coated glafs, till
it has taken all the eletricity out of that fide.
If a proper communication had alfo been made
between the condudtor and the other fide of the
gla.f's, all the eleétricity that was in the firft fide
would be communicated to the fecond, fo that
the firft fide will be electrified negatively, being
deprived of its natural quantity of the eleltrical
fluid, the fecond {ide pofitively, containing twice
its natural thare. The glafs in this ftate 1s faid
to be charged. |

Now from what has been faid it will eafily be
underftood that the negative fide has a violent
attraltion for its natural quantity of eleflricity,
and that the pofitive fide has as violent a ten-
dency to part with it to bodies which have lefs.
But as glais is an eleétric fubftance, and there-
fore impervious to ele@ricity, the fluid cannot

P pals
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pals through it to reftore the equilibrium, nei-
ther can it pafs over the edges of the glafs from
the pofitive fide, on account of the margin, for
the fame realon. But if a communication be
made from one fide to the other, by means of -
non-elecirics, or condufiors of eleétricity, the
fluid from the pofitive fide will inftantly rufh
with great violence through fuch condufiers to
the oppofite fide to reftore the equilibrium ; and
if the human body be ufed for that purpofe, the
fluid will in courfe pafs through 7¢ to the ne-
gative fide of the glafs. And as in its paffage
it gives a very fmart, fudden, and painful
fenfation to the body, this is called the eledric
foock. .

A pane of glafs however is not abfolutely ne-
ceffary for this purpofe. Any glafs veflel may
be made ufe of with equal effet, and a large
phial, or elfe a glafs jar, is vfually employed.

‘When the fhock is required to be ftrong, fe-
veral or many fuch jars are connelted together
by means of wires, from their infides and out-
‘fides, terminating in two rods ; and the difcharge
is made by forming a communication between
them, either by means of the human body, or
other non-eletrics, and the fhock is greater ac-
cordingas more jarsare employed ; infomuch that
not only {inall animals, but even human beings,

' may
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may be killed by the fhock from a fufficient
number of {uch jars.

When feveral or many jars are employed in
this manner, it is called an elefrical battery, and
the difcharge is called an explofion, the report
being as loud as that of fome piftols.

There are other methods of exciting ele&ricity
befides friction, as, by heat and cold, &c. but
which do it on a {imilar principle to that, viz.
either by encreafling or diminifhing the attraction
of the body for eleétricity. But of late years
philofophers have difcovered a moft exiraordinary
mode of obtaining this fluid, for the difco-
very of which we are indebted to the illuftrious
Dr. Franklin; and this is, the drawing it down
from the clouds. For that great man has found
that the eleétrical fluid and lightning are cne
and the fame matter : that the clouds ufually con-
tain a confiderable quantity of it : that it might
- be obtained from them by means of a kite, or
. even by a pointed metallic rod, reaching but
a little way up into the air : and that this rod, by
communicating with aneleltrical apparatus, will,
when the air abounds with eleétricity, furnifh
it as well, and often in greater quantity, than
can be ordinarily colle€ted by means of a globe.
The fame philofopher has further proved, thata
flafh of lightning is only a greater eleétrical [park,

|3 and
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and thunder a louder eleétrical fhap or explofion
than what are ordinarily produced by our elec-
trical experiments.

~ Dr. Franklin has farther thewn, that as metals
are the moft perfet conduétors, or attraét the
eletrical fluid more than other non-eleétric fub-
ftances, buildings, fhips, &c. may be fecured
from damage by lightning, by means of flender
pointed rods made of thofe fubftances, reaching
a little way above the higheft part of the building,
and terminating in the earth, or in water. For
a flath of lightning falling on the building or fhip,
will be attrated by the rod, and fafely con-
ducted into the earth. By the fame fimple me-
thod we may alfo fecure ourfelves from damage
by lightning, though ever fo ftrong or violent.

If the reader is defirous of further acquaint-
ance with this very entertaining branch of {cience,
he 1s referred to Dr. Prieftley’s celebrated hiftory
of eleCtricity ; or to Mr. Cavallo’s, and Lord
Mahon's performances ; in which works he will
find all that is yet known on the fubjett.

Eletricity has long been applied to medical
purpofes, and often with good effet. The dif-
orders relievable by it are chiefly thofe fuppofed
to arife from obftrutions in the nerves; as pal-
fies, gutta ferena, epilepfies, and the like. Rheu-

: mati{ms,
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matifms, and other fimilar complaints, have alfo
been cured by it.

The method of application in topical cafes,
15 either by firft eleétrifying the patient, and then
drawing off fparks from the part; or elfe by dif-
charging the electrical fhock through it, It 1s
moft prudent to try the former method firft. If
that fails, the latter may be had recourfe to; and
in obftinate cafes the ftrength and frequency of

the thocks may be difcretionally encreafed.

The eleftric fluid has the effe€t of a fimulus on
the body ; for when a perfon is ftrongly eletrified,
the momentum of the blood, and perfpiration,
are encreafed. From a knowledge of this pro-
perty of eleétricity, we may frequently be enabled
to judge a priori, in what cafes it is likely to be
of ufe.

Violent fhocks thould be adminiftered with

caution ; but there can feldom any injury arife
from gentle, continued electrification ; and much
oood may be expected from a prudent ufe of it *,

% See Mr. Cavallo's treatife on medical eledtricity, and Dr.
Pricttley’s hiftory,

P 3 P A RE
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PHY S 1O LOGY,

INTRODUCTION.

N human body may be defined to be “a

“ machine compofed of bones and mufcles,
« with their proper appendages, for the purpofe
“ of motion at the inftance of its intelligent prin-
“ciple; from this principle nerves, or inftru-
“ ments of fenfation, are likewife detached to
“ the various parts of the body, for fuch infor-
““ mation as may be neceffary for determining it
‘“ to thofe motions of the body which may be
“ moft conducive to the happinefs of the former,
“ and prefervation of both.” '

The reader may obje&, that the body confifts
of other parts befides bones, mufcles, and nerves ;
and may wonder that they were omitted in the
definition : but all the other parts, as well as
funtions of the body, feem to be only fubfer-
vient to the purpofes which the definition ex-
preffes: For,

1, The
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1. The mufcles which are neceflary to the
motions of the body are, from the nature of their
conftitution, fubjet to continual wafte; which
therefore is to be repaired by means of {ome of
thefe. .

2. Moft of the other parts and funétions of
the body are either neceffary to the aétion of the
mufcles, or to the operation of the intelligent
principle, or both; and

3. From the fenfibility, and delicate ftructure
of the parts, they require to be defended from
external injuries.

To illuftrate this it may be obferved,

1. That the ftomach and digeftive faculties
affimilate the food which is taken to repair the
continual wafte ; and the circulation, befides be-
ing abfolutely neceffary to the action of the
nmufcles, as will appear, diftributes this nourith-
ment to the feveral parts of the body. The
glands feparate liquors from the blood for thefe
nfeful fubfervient purpofes. Thus, the liver,
the pancreas, and other glands, feparate juices
neceflary to the proper digeftion and affimilation
of the food. The kidneys ftrain off the ufelefs
and fuperfluous water, falts, &c. which other-
wife, by remaining in the body, would be inju-
rious to it, The brain is fuppofed to feparate a

j fuid
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fluid for the purpofes of fenfe and motion. And
lo of other parts.

2. The nerves are not only the inftruments of
fenfation, but ’tis immediately by their means
that the mufcles are moved. To the motion of
the voluntary mufcles, the motion of the blood,
and of courfe the vital motions of the fyftem alfo
are neceflary ; for as the mufclescannot be moved
but by means of the nerves, fo neither can they.
if the blood does not flow from them. A cer-
tain degree of heat is neceffary to keep the blood
fluid, and alfo to the aftion of the nerves, without
cither of which, motion could not be performed,
Breathing is fo neceflfary to life, that it cannot
exift even a few minutes without the exercife
of that funftion; and yet the ufe of refpiration,
whereby it becomes fo neceffary to life, feems to
be to keep the body in a proper ftate for the pur-
pofes of mufcular motion, &c.

3. The fkin, like a fheath, ferves to defend the
body from injuries. The fkull ferves for the fame
purpofe to the brain, and the ribs to the heart.
The membranes feparate the mufcles, fibres, &ec.
from each other; and fomething f{imilar may be
obferved of the other parts of the body.

The parts of generation may indeed at firft
view be confidered as an objection ; but when we
reflect that pleafure is the only end which 1s had
in view by fruition, the objeétion will be found
of no moment.

g | C HA P.
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CH A P T o Rwgl

OF THE BONES AND MUSCLES.

HE bones ferve to give firmnefs and fhape
to the body.

Some of them ferve likewife for defence.
Thus, the fkull defends the brain, and the ribs
the heart, as before obferved.

But they have alfo a more important ufe ; for
it is by the mufcles moving the bones, that the
various motions of the limbs, and other parts of
the body, are performed.

The whole fyftem of bones (called a freleton)
1s conftructed of many parts, of different fhapes,
and fizes; joining with one another in various
manners, and {o knit together, as beft to anfwer
to the motions which the occafions of the animal

might require,

The mufcles move thofe bones at the com-
mand of the will, or otherwife, by contrating
their 'Iengths. Imagine two bones knit together,
fo as to be moveable, and that two equal

mufcles are affixed to them, one on each fide.
Thele
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Thefe mufcles may be either fhortened, or
lengthened ; or, to fpeak in the language of
anatomifts, contracled, or relaxed. 1f the will
acts on the right hand mufcle, it will contract,
and bend the bones to the right. If the will
atts on the left hand, muicle, it will contraét,
and thereby bend the bones to the left. But
when neither mufcle is more contracted than
the other, the bones remain ftrait.

Mufcles in general, at leaft thofe which ferve
for voluntary motion, are balanced by antago-
nifts, as in the inftance juft defcribed: By this
means they are kept beyend their natural ftretch.
When one is congracted by the will, the other
relaxes, in order to give it play, or at leaft is more
eafily overpowersd by the contration of its anta-
gonift. . Alfo when one of fuch mufcles happens
to be paralytic, or deftroyed, the other, being
no longer balanced or kept on the ftretch, im-
mediately contrafts into its natural length, and
remains in that fituation. The part to which it
is fixed will in courfe be affeéted accordingly,
1f one of the mufcles which move the mouth
fideways be deftroyed, the other immediately
contracting, draws the mouth awry, and in that
fituation it remains. The like may be obferved
of the leg, the arm, and other parts. Some
mufcles aflift one another in their ation; and

others have different altions, according to their
fhapes,
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fhapes, the courfe of their fibres, and the fruc-
ture of the parts which they move.

According to the fhape and nature of the bones
to be moved, and of the motions to be perform-
ed, the muicles are either long, or fhort, flender,
or bulky ; ftrait, or round; &c. Where a great
motion is required, as of the leg, or arm, the
mufcles are long; where a fimall motion is re-~
quired, the mufcles are fhort, for a ftrong mo-
tion they are thick, and for a weak one flender.
For a dire&t motion, the mufcles are ftrair; for
an orbicular motion, circular, as in the {phinéters
of the anus, and bladder.

Alfo fome of thefe mufcles are faftened to, and
move bones, others cartilages ; and others again
other mufcles, according as may beft {uit the in--
tention to be anfwered.

Some of the mulicles terminate at both extre-
mities in tendons, others only at one end, and
others again at neither, for a fimilar reafon.

Each mulcle is furnithed with a nerve, an ar-
tery, and a vein; all of which are neceflary ta
its attion, as has been proved by a variety of
experiments,

As a particular defcription of the parts does
not come either within the limits, or the plan of
this

9



270 PHYSIOLOGY.

this work, the reader, not yet acquainted with
thefe matters, is referred to anatomical authors

who treat profefledly on them *,

C.H A P TuEsiETT

OF THE MOVING FIBRES.

g AHUE fibres may be confidered as the com-

ponent parts of the folids; and they are
denominated according to the parts which they
compofe. Thus the fibres which compofe the
mufcles are called mufcular fibres. Thofe which
compofe the membranes, membranous fibres ;
and fo of others. But the former are the only
ones which we fhall have occafion to confider in
this difcourfe, and they may be called moving

Jibres.

When a fibre is drawn out into a greater
length than naturally, it has an endeavour to
contract. |

On the contrary, the nerves have a power of
contratting thofe fibres, or making them be-
come fhorter than naturally ; but when the in-
fluence of the nerve ceafes, the fibres become
capable of returning to their ufual length.

‘Whatever irritates the fibres occafions this in-

fluence of the nerves on them.
Some

* See the ingenious Dr. Simmons's Elgments of Anatomy, &c.
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Some fibres while in the living body are more
irritable than others, or they contract more
forcibly with the fame degree of ftimulus. The
fibres which compofe the heart are more irritable
than thofe which compofe the mufcles moving
the limbs ; this was requifite, becaufe a greater
-and more conftant motion is required in the
heart than in the muicles lalt mentioned.

Some of thofe fibres are alfo more fenfible, or
endued with a greater degree of feeling, than
others. But the feeling is not always propor-
tionable to the degree of irritability. The heart,
though more irritable than the mufcles of the
limbs, 1s lefs fenfible. This alfo was neceflary,
for if the heart was very fenfible, its labour in
circulating the blood would be fo painful as to
be intolerable ; whereas now it is never felt, un-
lefs on particular occafions.

The fibres have alfo an elafficity, which is dif-
ferent from the drritability defcribed; and re-
mains after the latter is deftroyed. The elafti- .
city is of ufe to their action. When they are
diftended, the elafticity helps to contraét them ;
and contrariwife.

The red colour of mufcular fibres depends on
the blood. If that be wafthed out, the fibres are
then white.

It
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If fibres are too rauch diftended, their con-
tratile powers are cither deftroyed” or weak-
ened ; and if they are only impaired, fome time
is required to reftore them to their proper ftate ;
and in forne cafes even this is impracticable, the
mifchief continuing for life. This is the caufe
of forhe of thofe melanchely diforders which are
improperly called #ervous ; and of others.

As on the action of the fibres the funéfions, fo
on the ftate of the fibres the confitution, of the
body feems to depend. If the fibres are ftrong,
the individual is firong ; if weak, he is feeble.
If the fibres are very irritable, he is paffionate ;.
if the contrary, inaftive and dull. In health
the fibres are ftronger than after illnefs. Their
ftate depends  alfo very much on that of the
atmofphere. If the atmofphere is heavy, cold,
and dry, the fibres are elaftic and ftrong. If
light, hot, and moift, the contrary. Mode-
rate cold ftrengthens or braces up thefe fibres;
but excels of heat weakens them. Hence heat
makes us feeble and faint; cold the reverfe.
From knowing the ftate of the fibres, we are
dire€ted to apply the fuitable remedies. If they
are relaxed, bracing and ftimulating remedies
are indicated ; but if too tenfe, thofe of a con-
trary nature,

CH A Fs
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CH AP T ERGIH
OF THE BRAIN AND NERVES.

H E brain 1s the feat of the intelligent
principle. From that principle nerves
ferving for fenfation are fent off to every part of
the body, to receive the neceflary information
of the ftate of the body itlelf, and of things

without.

Another fet of nerves are detached to the
mufcles, or thofe parts which are to ferve for
the motions of the body at the inftance of the
will. Thofe two fets of nerves {feem to be dif-
ferent, becaufe fenfation may be loft in a part,
yet motion remain.

A third fet of nerves ferve for the merely in-
voluntary or vital motions of the fyftem, and do
not appear to have any connettion with the in-
telligent principle. They perform their offices
continually, in fleeping, as well as waking ; but
the others in waking only. -

By thefe the fibres and parts {eem to be re-
cruited, or nourithed, in conjun&ion with the
blood; for nutrition is chiefly performed in {leep,
when the other nerves are inafltive; and it is well

g ERLE known,
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known, that if the nerve be deftroyed, the part
which it ferves waftes, notwithftanding that the
blood and lymph flow through it as ufual.

The beat of the body feems alfo to depend
either wholly, or chiefly, on this fet of nerves;
for it is nearly as great in fleep as in waking,
though then thefe nerves only at; and yet if a
nerve be deftroyed, the part which it ferves be-
comes cold, notwithftanding that the blood con-
tinues to circulate through it *.

That the heat of the blood does not depend
on the nerves which ferve for {fenfation is plain,
becaufe heat continues in fleep, when they are
inactive ; alfo a part which has loft its feeling,
but retains its motion, does not always lole its
heat.

As the nerves {erve for motion and fenfation,
any obftruction, or compreflion of them, will
occafion pally of the part or parts which they
{ferve; that is, it will occafion either lofs of fenfe,
or motion, or both, according to the nature of
the injury.  Thus, the optic nerve being com-
prefled, blindnefs enfues; and the nerves of the
leg, lofs of motion of that part. By deftroying
the nerve, nutrition and animal heat will alfo be
injured, as hath already been obferved. But
the diforders commonly called 7ervons, feem to

proceed

* See Dr. Caverhill's Experiments on animal heat,
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proceed for the mioft part from injuries of the
moving fibres, as mentioned in the laft chapter.

) CH A PT E'R™TV

OF THE CIRCULATION OF THE BLOOD.

HE circulation of the blood was unknown
till about 150 years ago, when it was dif-
covered by a countryman of our own, the cele-
brated Dr. Harvey. For this great difcovery,

ftatues are juftly ereted, and orations yearly pro-
nounced in his honour.

With refpeé to the circulation of the blﬁﬂ&,
the body muft be confidered as diftinguifhed into
two portions, the Jungs, and the other parts.

The heart 1s the power, or mechanical caufe
by which the blood is circulated. From the
right ventricle of the heart there iffues a large
artery, called the pulmonary artery ; which goes
to the lungs, and-is there divided and fubdivided
into a vaft number of branches, too fmall to be
vifible. The ultimate ramifications of thefe
branches may be confidered as uniting again into
larger branches ; thefe again into branches ftill

' larger, and fo on continually, till at laft they

Q form
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form only one large pipe, called the pulmonary
vein, which is inferted into the left auricle of the
heart.

From the left ventricle there iffues another
large artery called the aorta, which in its paffage
fends off branches to the arms, legs, head, and
every other part of the body. Thefe branches,
in the courfe of their progrefs, are divided and
fubdivided into innumerable invifible branches,
as was mentioned of the pulmonary artery ; and
their laft ramifications may alfo be confidered as
reuniting into branches continually larger and
farger, till at length they form only one great
pipe, called the vena cava, which is inferted in
the right auricle of the heart.

Now the blood is driven out of the right ven-
tricle of the heart into the pulmonary artery,
and to all the branches of that artery which are
difperfed through every part of the lungs. From
thefe it paflfes into the branches of the veins;
and from all thefe branches at length into the
pulmonary vein itfelf, which empties it into the
lefc auricle of the heart. This may be called
the firft ftage of its circulation.

From the left auricle it paffes into the left
ventricle ; from thence it is driven into the aorta,
or great artery, and into all its branches in every
part of the body. From the ramifications ?‘f

thefe




thefe arteries it paffes into thofe of the veins;
from thefe into larger branches, and fo on by
degrees till at length it arrives at the vena cava,
which empties it into the right auricle of the
heart. This 1s the fecond ftage of its circula-
tion.

But from the right auricle it pafics again into
the right ventricle; from thence, as before, {uc-
ceflively to the pulmonary artery, the pulmo-
nary vein, the left auricle, the left ventricle, the
aorta, and vena cava, and fo on in a perpetual

round, which therefore is called the circulation of
the blood. |

The blood however does not flow out of the
heart into the arteries continually, but by pulfes
or fits ; when the ventricles are filled with blood
from the auricles, the blood ftimulates them; and
thereby occafions them to contraéf ; by fuch con-
traction they force the blood which they contain
into the arteries. This contraction is called the
Sftole of the heart. As foon as they have finithed
their contradion they relax, and are again filled
with blood from the auricles, and this ftate of
the heart is called its digftole. The {yftole and
diaftole of the heart therefore continue on alter-
nately, and hence the pulfation or beating of the
heart,

Q.2 The
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The arteries muft of courfe have the like pul-
fation ; the blood being driven into them only
by ftarts ; and accordingly we find it in the ar-
tery of the wrift, called the pu/fe; the like may
alfo be obferved in thofe of the temples, and
other parts of the body. But we may likewife
obferve that the veins do not beat; the blood
flowing on through them in an uninterrupted
courle ; its pulfe, by the time that it has paffed
through fuch an infinite number of fmall
branches, into larger ones, being entirely de-
ftroyed.

The two ventricles therefore contra@ and
drive out the blood into their refpetive arteries
both at the fame time. The two auricles like-
wife contract and drive their blood into the ven-
tricles at the fame time; and hence you will
alfo perceive that the ventricles contraét and
empty themielves while the auricles are relaxing
and receiving blood from their refpective veins ;
and contrariwife ; fo that their ation is alter-
nate. 3

‘The heart is a mere mufcle, as hath already
been obferved. The fibres of which it is com-
pofed are conftructed into auricles and ventricles,
for the purpofe of receiving and expelling the
blood. The coats of the arteries are furnifhed
with mufcular fibres, encompafling them circu-
larly ; confequently when the arteries are dilated

by
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by the blood driven into them from the heart,
they will contract again, and thereby help to
drive forward the blood. The veins likewife
have this contractile faculty, though in a lefs
degree than the arteries, as having lefs need of
it. And they are befides furnifhed with valves,
which hinder the blood from flowing back into
the arteries, though they let it pafs on freely to
the heart: the latter direction of the blood’s ma-
tion opening, the former fhutting thofe valves,

From this account of the blood’s circulation
it will eafily be feen that it moves in a dirett
contrary courfe in the arteries to what it does in
the veins ; 1n the latter 1t pafles fowards, and in
the former from the heart. We have an eafy
proof of this in the common operation of blood-
letting. When we have tied up the arm, we do
not make the orifice above the ligature, or next
to the heart, but below it. If the vein were
opened above the ligature it would not bleed.
For it only fwells next to the hand ; which {hews
that the blood does not flow into the vein from
the heart, but from the hand,

It may aifo have been obferved that if the
ligature be too tight, the blood will not flow.
The reafon of this is, that the artery is com-
prefled in this cafe, as well as the vein. And
as the veins derive their blood from the arteries,
it follows, that if the blood’s motion be hindered

03 in
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in the latter, none can flow from them into the
former. The ligature therefore muft be only fo
moderately right as to comprefs the veins, leaving
the arteries, which are fituated deeper, free.
Hence alfo it may be perceived that the blood
really paffes from the arteries into the veins, as
was defcribed ; and that if an artery is to be
opened, the orifice muft be made above the liga-
ture, becaufe the blood flows into the artery im-
mediately from the heart, and therefore only
fwells on that fide of the ligature,

It may feem ftrange that thefe particulars
concerning bleeding had been obferved by every
phlebotomift, and known to almoft every medi-
cal pradtitioner for above 2000 years; and yet
that none of them fhould have had the fagacity to
infer that the blood circulates, till it occurred to
our own countryman before mentioned. When a
thing is known, we wonder how it could poi-
{ibly have efcaped our notice; though before,
the utmoft exertion of the human faculties {eem-
ed unequal to the difcovery.

Each ventricle of the heart is concluded to ex-
pel at leaft an ounce of blood at a time, and
there are about 4000 pulfations of the heart in
an hour. 1If we fuppofe the quantity of blood
circulating in an human adult to be 16 pounds,
the whole mafs will circulate many times in the

courfe



PHYSIOLOGY. 231

courfe of an hour; efpecially when the pulfe is
quickened by a fever.

In the preceding account I faid, for perfpi-
cuity’s fake, that the laft branches of the arteries
run into thofe of the veins. But it is now the
opinion of anatomifts, that the arteries carry the
blood to the parts to nourifh them, and that the
veins abforb, or fuck up what is fuperfluous, and
return 1t back to the heart.

As the blood is circulated by pulfes, or ftarts,
thefe pulfations form the grand index to phyfi-
cians with regard to the health of the body. = If
the pulfe be full and ftrong, a plethora and in-
creafed aétion of the fibres are indicated : if
weak and feeble, the contrary.: If quick, a fe-
ver; if flow, the reverfe. From a variety of
other differences in the pulfe, defcribed by me-
dical writers, and which are better underftood
by practice and obfervation, a number of parti-
culars refpeéting the ftate of the fluids and folids

may be obtained, from which the proper methods
of cure are inferred, and which are of important
ufe in the practice of phyfic,

Q.4 CHAP-
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CH AP T ESR V.

OF 'THE LYNH AT CS

N TO the various cells and cavities of the

body a thin tranfparent liquor is poured by
the extremities of the arteries, called by anato-
mifts lymph. Its ufe is to moiften and lubricate
the parts, for which purpofe, by its foft gela-
tinous nature, it is well calculated. It feems
alfo to contribute to nutrition. This fluid is
abforbed from thofe cavities by a fet of veffels
called lymphatics.,

Thefe veflels are very minute, and pellucid ;
and abforb the lymph on the fame principle as
fmall glafs tubes fuck up water. If a flender
glafs tube be placed in water, the furface of the
water in the tube will be higher than that of the
water without the tube ; and this difference will
be greater as the tube 1s of lefs diameter. This
phenomenon depends on the attraction between
the water, and the inner {furface of the tube.

The cafe is the fame with the lymphatics,
But thefe are alfo furnifhed with valves, which
fuffer the fluid to go forwards, but hinder it

| from
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from returning. 'The lymph, when abforbed as
above, is afterwards urged forward by the muf-
cular coats of thefe veflels, in like manner as hath

been fhewn with regard to the lntﬁ‘ﬁmes, and
blood veflels.

The lymphatics from all parts of the body
- dire& their courfe towards the {ame part with
the lafteals, or chyle wveffels, already {poken of;
with which they form one general {yftem of aé-
farﬁems‘ The lymph is poured, together with
the chyle, into the left fubclavian vein, where
they mix with the blood,

If through weaknefs, or other caufe, the
lymphatics do not {ufficiently abforb the lymph,
dropfies are the confequence; and the like hap-
pens when thefe veflels are ruprured,

When mercurial ointment is rubbed upon the
{kin, the mercury 1s abforbed and conveyed into
the fyftem, as appears by the falivation which
takes place on thofe occafions. The abforption
is made by the lymphatics. Other fubftances
are alfo capable of being abforbed by thefe
yeflels, when properly applied to the fkin.

Both the lymph and chyle pafs thro’ lympha-
tic glands in their courfe to the fubclavian vein.
But for what reafon is not yet known.

C H AEs
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COH AP TERE L YT

OF THE PRIMZE VIE, AND ALIMENT.

HE human machine is formed on fuch

principles that it cannot continue alive
unlefs it be occafionally recruited by means of
food. 'The principles on which it is conftructed
require that a very confiderable portion of fluids
{thould be continually pafling off by perfpiration,
through invifible pores, in every part of the fur~
face of the body. Thisevaporation may be ren-
dered fenfible by violent exercife or heat, when
it appears in the form of {weat. From the lungs
it is ordinarily fo copious as to be vifible to the
eye, elpecially in cold weather; they who have
had the curiofity to weigh them{elves, have found
that the greateft part of what is ate and drank
paffes off in this manner.

The ufe of food is to recruit this continual
wafte. But part of what we ufually eat will not
ferve for this purpofe. What is ufeful therefore
is extracted from it; and the remainder caft out
of the body by ftool and by urine, as will be
fhewn.

If
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1f the animal fabric could have been formed
in fuch a manner as that the fame fluids would
have ferved always, as there would then have
been no wafte, fo there would have been no
occafion for fupply; and food would have been
unneceflary. But on the contrary, life cannot be
preferved if the evaporation above {poken of is
not continued.

In this chapter I fhall defcribe the progrefs of
the food from the mouth to the blood, and the
changes it undergoes in that paffage.

From the back part of the mouth pafles a
tube, called the ®fophagus, or gullet, into the
ftomach. From the right fide of the ftomach
iffues another tube, called the pylorus, conti-
nued to the duodenum. Into this tube enters
the ‘bile duét from the liver, and gall bladder,
and with, or near it, another tube called the
pancreatic dut, from the pancreas or fweet-
bread. ‘The duodenum is continued into the
jejunum, which makes the firft part of that long
flexible tube forming the winding guts, and is fo
called becaufe it i1s generally empty. The fecond
part 1s called ileum, and 1s only a prolongation
of the jejunum, and the ileun terminates in
that great gut called the colon, the lower part of
which, called the reftum, i1s fixed into the anus
or fundament,

The



236 PHYSIOLOGY.

The whole of what has been defcribed is only
a production of the fame tube, from the fopha-
gus to the anus. It is called, by anatomifts,
the inteftinal canal, or prima via, by reafon that
this is the firt paffage of the foed. It has, by
means of its circular mufcular fibres, a power or
faculty of contracting itfelf when irritated by
diftention, and thereby urges forward the food
contained in 1it, as the arteries do the blood.
‘This occafions a vifible worm-like motion of the
whole guts, when they are expofed to view, and
15 called their periffaltic motion.

From the winding or fmall guts, and even from
the ftomach, but chiefly from the ileum, a vaft
number of very fine flender tubes take their rife.
They arg invifible unlefs they happen to be full ;
and are called /afleals, or chyle veffels,

The food taken in at the mouth is broken to
pieces by the teeth, and impregnated with faliva.
From thence it pafles into the ftomach. Itis
there mixed with the gaftric juice, feparated by
the fmall glands of that vifcus, by which it is
digefted, that is, as far as it is capable of being,
diffolved. When it gets out of the ftomach into
the pylorus and duodenum, it is alfo mixed with
bile from the gall bladder, and with pancreatic
juice from the fweet-bread ; ard in confequence
of the changes which it undergoes by its mix-
ture with thefe various liquids, aflifted by the

- warmth
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warmth and gentle triture of the ftomach and
inteftines, it is quite altered in its nature from
what it was when firft taken *; fo that when it
arrives at the fmall guts, there is abforbed from
it, by the chyle veflels above defcribed, a foft
and taftelefs liquid, called by anatomifts chyle.
If the digeftion be perfe&, the chyle is the fame,
whatever be the food it is obtained from. The lac-
teals which colle¢t this chyle, after properly unit-
ing, empty it into the left fubclavian vein, where
it mixes with the blood for nourifhing the body.

The dregs of the food, from which this liquor
was extracted, pafs on through the guts, and is
caft out as ufelefs.

The chyle therefore may be confidered as the
pabulum of the blood. It was obferved before,
that a conftant evaporation of fluids from the
furface of the body is neceffary. The blood fup-
plies this wafte. 'The parts of the body are con-

tinually

* The gaftric juice has been fhewn, by Mr. Jehn Hunter, and
others, to be a folvent of the aliment, If fleth, or other food, be
digelted in this liquid, out of the body, it will in great meafure
be diffolved by it; and therefore itis now generally held that di-
geftion is performed by folution ; the gaftric liquor being the
menftruum for that purpofe. The pancreatic juice feems (hke
the faliva, which it refembles) chiefly defigned as a diluent, The
ule of the bile is not yet properly known. But fome experiments
which I have made feem to fhew that animal food employs lels
of it than vegetable. It is therefore probably of great ufe in
animalizing the aliment: and perhaps the blood derives from it
its fpecific power of attralting phlogifton from the body, and

- parting with it to the air; of which notice will be taken in a
future chapter,
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tinually recruited or nourithed thereby ; and the
blood is again recruited for this purpofe by the
chyle, which, in the courfe of circulation, is
alfo converted into blood, to ferve for the like
purpofes of nutrition,

As life depends on the recruit of the blood by
the chyle made in this procefs, fo health depends
much on the goodnefs of this chyle. If the
chyle be perfect, good blood is made; good
juices are made from that blood by the glands,
and the parts are properly nourithed. But if
the chyle be bad, it will ultimately affet the
body which 1s to be nourithed by it, in propor-
tion. The evil will even be continued in confe-
quence thereof. For the faliva, gaftric juice,
bile, and fuccus pancreaticus being vitiated,
they will affect the chyle hereafter to be pre-
pared from freth food. Nature has provided
as much as a careful guardian can in thefe mat-
ters. She has furnithed the mouth with the
faculty of tafting, and the noftrils (which com-
municate with the mouth) with that of fmelling,
in order that they may detect any thing impro-
per, and prevent its being taken in to the injury
of the animal. If the food endures thefe tefts it
15 fuffered to pafs on to the ftomach. But that
organ has alfo the faculty of difcriminating whe-
ther the aliment is proper, and in fome cafes
where the fenfes of tafte and fmell are ineffectual.
If it be hurtful, or poifonous, it has in many

A inftances
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inftances the provident faculty of rejedting, or
throwing it up.. If there are hurtful qualities,
which even the ftomach cannot difcover, the
guts often detet them, and have the no lefs
wonderful faculty of hurrying it thro’ the body
by ftool. There are cafes however in which
none of thefe tefts are fufficient, and bad chyle
is after all fuffered to pafs into the blood. But
even there it is thrown off by urine or other
fecretion, or elfe a fever is raifed in order to
expel it by perfpiration, which is an effeét of
the fame kind as vomiting in the ftomach, and
purging in the guts. Abfcefles, eruptions, and
other means are likewife occafionally employed
by nature for the fame intention. But there are
cafes, where either the vigilance or power of all
thefe are ineffectual, and in confequence thereof
either health is injured, or life deftroyed.

CLEL AP I T-ER,, VI,
OF THE BLOOD.

HE chyle, in the courfe of its circulation,

is converted into blood ; as hath already
been obferved.

They who have diffeted bodies with a view
to the changes wrought on the fluids in the lungs,
have
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have remarked that chyle is perceivable in the
pulmonary artery previous to the paflfage of the
blood through that organ, but not in the pulmo=
nary vein, after fuch paffage. The chyle is
mixed with the lymph in the fubclavian vein,
&c. The more watery part is probably exhaled
by the breath; and the remainder incorporated
with the mafs of blood by agitation in the pulmo-
nary organ.

When blood flows from a vein, it feems to be
an homogeneous red fluid. But after refting a
while 1t feparates into two {ubftances, a watery
part, called ferum, and a red cc-agl%n, diftin-
guifhed by the name of craffamentum..

The ferum, by its fenfible qualities, appears to
refemble water. It mixes with water into a feem-
ingly uniform aqueous fluid. If, however, this
mixture be expofed to a {ufficient heat, the ferum
{eparates in the form of a white coagulated fub-
{tance, which is not rediflolvable in the water.

If ferum be expofed alone to heat, it alfo coa-
gulates ; and. if it be poured into boiling water
the fame effect takes place. It is coagulated
likewife by {pirit of wine, ®ther, and acids. In
thefe and other properties, it bears a very great

analogy to the white of an egg.

The craflamentum is compofed of two diftin&
fubftances; 1. the 7ed, or colouring part, which
may
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may be entirely wafhed out of it by means of
water, and, 2. the coagulabdle lymph.

The red part may be diftinguifhed, by means
of a microfcope, in the form of little globules,
floating in the other parts of the blood, like oil
fhook well up with water. By means of the
fame inftrument, they may be feen moving in the
minute blood veflels of frogs, and other animals,
from the arteries into the veins; and hence we
have an ocular proof of the circulation of the

blood.

This fubfkance is of a deeper red in the veins
than in the arteries. It acquires its deep colour
in the courfe of its circulation through the body,

and lofeth it in its paffage through the lungs.

The heat of the blood is greater than that of
the furrounding atmofphere, its temperature in
health, being at about g8 degrees of Fahrenheit’s
thermometer. In morbid ftates, it varies from
that point; thus, it is hotter in an inflammatory
fever, and colder in the cold fit of an ague.

In health, the heat of the blood is nearly the
fame, whether the furrounding atmofphere be
hotter or colder; the vital powers generating
more heat in the latter cafe, and lefs in the
former.

R | The






in it, leaving the upper part of the cake free
- from them, or in a ftate of pure coagulable lymph.
Hence it is confidered as a fign of inflammation.
Other indications are drawn from the appearances
of blood by praétical writers,

CH AP TE R VHIL

OF NUTRITION.

HE folids, as well as fluids of the body,

are in a ftate of continual wafte, and there-
fore require to be recruited. Hence the necef~
fity of food, as before obferved.

The manner in which nutrition is performed
is not as yet well underftood, but it feems to be
- performed by the blood, or rather the lymph,
in conjunttion with the nerves.

If a nerve be divided, the part which it ferves,
waftes, (efpecially if it be mufcular) notwith-
ftanding that the blood circulates through it as
ufual. And there are ph@nomena which thew
that the blood 1s likewife necefflary to nutrition.

In the mufcular fibres, nutrition feems to
~depend _chiefly on the nerves; but thefe
" may require to be aflifted by the blood, or its
lymph, Other parts may be nourithed in diffe-

R a rent
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rent manners, and fome of them, either wholly
or chiefly by the coagulable matter of the blood.
 The folids feem for the moft part to confift of
coagulable matier, combined with water. And
the various parts of the body may be enabled,
by means of glands,eletive attractions, or other-
wife, to feparate thofe particles from the blood,
and thofe only, which are moft proper for their
refpective purpofes. But this is a {fubject which
requires to be farther inveftigated by experi-
ments.

(Sl & R S L F 0 Tl
OF THE GLANDS.

ROM the blood are feparated many fluids,
for different purpofes, by certain organs
called glands. Thus,

THE KIDNEYS

Strain off the urine ; which confifts of the fu-
perfluous water, falts, &c. and which, if re-
tained, would be prejudicial to the animal ceco-
nomy. Critical difcharges of the utmoft im-
portance to the body, are alfo not unfrequently
made by the {fame outlet. This fluid is retained
in the bladder, fo as to be expelled when con-
venient. From the appearance of the urine, ufe-

g ful




_ PHYSIOLOGY. R
ful pr'a&icél indications are frequently formed ;
as may be feen in medical writings. .

THE LIVER =+ -

Forms the bile or gall ; part of which is re-
tained in the gall-bladder, as its refervoir, as the
urine is in the vefica. The duét of the gall-
bladder opens into the duodenum. The preffure
of the food, as it paffeth through the pylorus,
forces the bile into the inteftines for the purpofe
already mentioned.

THE PANCREAS, OR SWEET-BREAD,
Forms the pancreatic juice, which is likewife
emptied into the inteftines for diluting and fur-
thering the digeftion of the food.
THE SALIVAL GLANDS
Secrete the {pittle, for the purpofe of moiften-
ing, and perhaps aflifting the digeftion of the
food.
THE GLANDULES IN THE STOMACH

Secrete the gaftric juice, for the purpofe of
diffolving the food. Thofe in the inteftines fe-
parate a liquid which lubricates the guts, for
the more eafy paffage of the aliment, and per-
haps alfo to affift in its aflimilation.

THE TESTICLES

Form the vivifying principle in males, or the
feed, improperly fo called, as do

THE OVARIES,

The true feed, in females.
B3 THE
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: THE BRAIN

Seems to fecrete a fubftance which, being
conveyed by the nerves, affifts in nutrition. By
means either of the fame, or fome other matter

or fluid, fenfation and motion are probably
performed,

The other glands have likewife their refpec~
tive ufeful offices.

The theory of glandular fecretion, has not as
yet been fatisfactorily explained.

From irregularities in the glandular fecretions
many diforders arife, If the bile be obftrutted,
jaundice is often the confequence. If peripira-
tion ; colds, plethora, and fevers fucceed. If
the gaftric juice be deficient in quantity, or vi-
tiated in quality, digeftion is injured. And the
like may be obferved of the other {ecretions.

Medicines, in fome cafes; act on the glands.
Cathartics increafe the fecrction by the glands in
the inteftines ; and diuretics operate by increaf-

ing the action of the kidneys.

By increafing fome of the fecretions many dif~
orders may be cured, ‘A dropfy, for example*
is removed by diuretics.

‘When one fecretion is immoderate, it may, in
fome cafes, be checked by augmenting another,
A faliva-
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A falivation is diminithed by a cathartic: and
perfpiration by an encreafed {ecretion of urine,
And there are other ufes of the glandular fecre-
tions to be met with in practical authors.

G- AT ER Xy

OER P ERS P T RASTHO:N.

N animal body is formed on fuch princi-

ples that its folids, particularly the muf-

cular fibres, are in a ftate of continual wafte ;

and both thefe and the fluids require to be con-
ftantly renewed. Hence follows

1ft, A neceffity of their being frequently re-
cruited by means of food, as hath been thewn,
and

adly, A like neceffity of a continual difcharge
of the old and effete materials.

Agreeably to this, we find that from every
part of the furface of the body, and from the
lungs there conftantly exhales a confiderable
quantity of vapour, called by anatomifts the
matter of perfpiration.

This vapour ufually tranfpires in an infenfible

manner. But if perfpiration be encreafed by
R 4 exercife,
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exercife, or other caufe, it appears in the form
of fmall vifible drops, and then it is termed
fweat. In cold weather the evaporation from
the lungs is condenfed into a vifible fteam; it
may even be collected in a liquid form by breath-
ing on a glafs, or other proper veflfel. . More
than half of what we eat and drink ufually pafies
off in thefe two ways, as may be feen by the ex-
periments of Sanctorius and others.

The perfpiration by the {kin is fuppofed to be
either fecreted by glands, or exhaled by minute
extremities of the arteries of the cutis. It is
probable however, that the matter exhaled by
the lungs is different from that which paffes off
by the fkin. We already know that phlogifton
1s difcharged by the lungs, but not by the exter-
nal furface of the body ; the fkin being a fubftance
of fuch a nature as to hinder the requifite action
of the air on the blood for that purpofe. This
obfervation, compared with the following chap-
ter, may enable us to underftand, in fome mea-
fure, the ation of air on wounds.

From what has been faid, it is obvious, that
perfpiration cannot be much encreafed, or di-
minifhed, without affecting the health. If it be
obftructed, fulnefs of the veflels is apt to be pro-
duced ; together with colds, fevers, and the like.
If it be too copious, laffitude and weaknefs fol-
low ; alfo, as the blood is thereby deprived of

1ts



PHYSIOLOGY. 249

its more fluid parts, the remainder will be more -
vifcid, and circulate with lefs freedom. The
folids will likewife become too dry and rigid. A
warm atmofphere encreafes perfpiration ; and a
cold one diminifhes it. It frequently happens
that when perfpiration is diminifhed, the urinary
fecretion is encreafed ; and contrariwife. The
matter of perfpiration is even faid to be very,
fimilar to that of the urine.

CHAPTER.: XL
OF RESPIRATION, AND ANIMAL HEAT.

T has been fhewn that the blood has a double
I circulation, or that the whole mafs paffes firft

through the lungs, and afterwards through the
body.

I have, in fome meafure, explained the ufes
of the latter circulation; thofe of the former
fhall next be difcourfed of.

The lungs are contained in the thorax; and
are divided into two lobes. The trachea, or
windpipe, alfo divides into two branches, one
of which is fent to each lobe, where it is fubdi-
vided into a vaft number of ramifications, uld-
mately terminating in little veficles, which, when
diftended with air, make up the greateft part of

the
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the bulk of the lupgs. The branches of the
pulmonary artery and vein accompany thofe of
the windpipe, and are fpent upon the coats of
thofe veficles. 'The mafs of blood is not carried
to the lungs for their nourifhment, there being
other {maller blood veflels deftined for that

purpofe.

The thorax has an alternate motion of fyftole
and diaftole, called refpiration. At the diaftole
the air is admitted. into the lungs, and this is
alfo called nfpiration. At the fyftole the air is
expelled from the lungs, which fyftole is like-
wile denominated expiration.

The nature and properties of air have already
been explained. Among others it was fhewn,
that it preffes with a great weight on all things
about the furface of the earth, and that it is
elaftic, or capable of expanfion and compreffion,
of rarefaltion by heat, and condenfation by
cold.

The mufcles which caufe expiration having
juft finithed their contraltion, they begin now
to relax ; the blood driven from the heart into
the pulmonary arteries ftimulates to infpiration.
The external air rufthes into the lungs, which
are thereby inflated. They fill and dilate the
thorax, drive the diaphragm downwards, and
by the help of mufcles, which ferve for infpira-
" tion, diftend thofe which ferve for the contrary
mMOotion.
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motion. But thofe mufcles, thus diftended, re-
fuming their contractions, re-contract the cavity
of the thorax, and thereby expel the air from
the lungs. the mufcles ferving for infpiration,
now beginning again to aét, the thorax is dilated
as before, and this continual alternate dilatation
and contraction is called refpiration.

When the lungs are diftended, the blood cir-
culates freely through them ; but its paffage is
much more difficult in expiration. Alfo as the
branches of the arteries and veins run in direc-
tions parallel to thofe of the windpipe, the air
in infpiration may perhaps help forward the blood
in the arteries running in the fame direéion, and
in expiration it may likewife aflift the motion of
that in the veins. If breathing be ftopt but for
a thort time death enfues ; for if no blood paffeth

from the lungs to the heart, the circulation, on
which life depends, muft ceafe.

It had long been obferved, though the reafon
was not known, that the blood in the veins of
the body, and in the arteries of the lungs, was
of a darker colour than in the arteries of the
body and veins of the lungs; and it was alfo
known that it loft this dark colour during its
paflage through the laft mentioned organ. It
had likewife been remarked, that when wvenous
blood was expofed to the air, the furface of 1t
acquired the fame fcarlet colour as that in the

arteries
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arteries of the body, and veins of the lungs.
This change of colour therefore, it was con-
cluded, depended on the aétion of the air. What
kind of ation this was, remained unknown till it
was difcovered, in part, by the induftry of the
celebrated Dr. Prieftley ; who found that the dark
colour of the venous blood depends on phlo-
gifton abforbed by it during its circulation
through thebody ; and that inits paffage through
the lungs, the air in infpiration attracts this.
principle from it, for the fame reafon as it
takes it from combuftible bodies; whence the
air expired is almoft the fame phlogifticated air
as that which is produced by combuftion. By
the lofs of its phlogifton the blood recovers its
florid colour. From thefe facts Dr. Prieftley
Juftly concluded, that the principal ufe of refpira-
tion is to carry off the phlogiffon which the blood
abforbs during its circulation through the body.
In confirmation of this doétrine it may be ob-
ferved, that as candles cannot burn, {o neither
can animals live, in air that is faturated with the

phlogiftic principle.

From fome obfervations by the author of this
work, but more particularly from the experi-
ments of the ingenious Dr. Crawford, and
others, it is now pretty generally underftood,
that the heat of the blood depends on refpiration.
The heat of animals is ufually greater, in pro-

portion
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C.H AP T ER X

OF MUSCULAR MOTION.

T is known that the nerve, the artery, and
the vein, are neceflary to the ation of a
muicle.

The nerve feems to furnifh it with its power
of irritability, whereby it is enabled to contratt
in confequence of a ftimulus, or the will. Its
fenfibility alfo depends on the nerve*. If the
nerve be deftroyed, the power of irritability, as
well as of {enfibility, will be loit.

A regular fupply of blood is alfo equally ne-
ceffary to mufcular ation ; for a ligature on the
artery, or vein, deftroys the power of motion in
a mulcle, as well as a ligature on the nerve.

The ufe of the blood in this cafe feems to be
partly to derive the irritable principle into the
mufcular fibres from the nerves, by the ftimulus
of its heat and motion ; and alfo to fill up and
properly diftend the mufcle itfelf. The blood

has

% Itis found that thofe parts of the body which in health are
neither irritable nor fonjible, are liable to become fo by difeale,
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has alfo probably fome other ufe in this bufi-
nefs, which we fhall prefently confider.

While a mufcle is in action, it is fhorter, and
alfo thicker than in its natural ftate. But its
thicknefs is not increafed in proportion to its
contraction ; the bulk of the whole mufcle being
lefs during its ation than at other times.

The caufe of mufcular motion in the abftract
feems to be, that by the influence of the nerve,
~the particles of which the fibres are compofed
have their attraétive forces increafed, fo that they
are drawn nearer together.

The theory of animal heat was given in the
laft chapter; that of mufcular motion feems to
be intimately connected with it, as will perhaps
appear from what follows.

The mere caufing of animal heat does not,
by any means, feem to account for refpiration
being fo abfolutely neceflary to life that an ani-
mal carinot exift even a few minutes without it.
Befides animal heat, therefore, I formerly ven-
tured to fuggeft whether animal motion, or the
action of the mufcular fibres, on which the cir-
culation, and life, immediately depend, was not

alfo conneéted with this funétion ?

The
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The heat of animals is in proportion to the
quantity of air which they breathe, as was
mentioned ~ in the preceding chapter. The
quantity of air breathed by them is therefore in
the dires proportion to their beat, and in the
inverfe proportion to their irritability, or difpofi-
tion to contration in the moving fibres. For
fithes breathe lefs air than amphibiz *, and thofe
lefs than land animals; and their irritability is
now known to be in the contrary order; for
this reafon alfo, the motion or pulfe of the
blood in the aortic fyftem is lefs in fithes than
in land animals, fo as to give lefs ftimulus to
their fibres.

To animal motion two things are known to
be effentially neceflary, viz. #rritability in the
Jibres, and a fimulus in the blood. The great and
principal ftimulus employed by nature in the
blood is beat. The 1nfluence of this ftimulus
is obvious from hence, that if the heat of the
blood be increafed (as in ardent fevers) the
action of the fibres is alfo increafed, and vice
verfa. Heat therefore is abfolutely neceffary to

the continuance of the vital motions T: and we
alfo

* In this clafs of animals, only part of the blood goes to the
lungs, and on its return is mixed and diluted with the remainder

of the mafs.

+ The ftimulus of the ufual heat of the body is fufficient te

keep the vital or involuntary fibres in action. But the voluntary
mulcles
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alfo. find that the heat is in the inverfe propor-
tion to the #rritalility, as hath already been ob-
ferved. But to fupply this heat, refpiration is
neceflary : and from hence it would appear, that
refpiration fupports life by means of continuing
the wital and other motions of the body, on the
principle above defcribed.

In fupport of this opinion, it may be ob-
ferved, that the heat (at leaft the fummer heat)
of the atmofphere, is fufficient for the animation
of fome infe&ts, &c. and hence they have no
lungs. |

The chick in ovo is heated and animated by
external warmth, and therefore its breathing is
not required. The fame is partly * the cafe
with the feetus in utero +. Hence, after birth,
breathing is abfolutely neceflary to both. Thefe

inftances feem to demonftrate that motion is de-
pendent

mufcles require an additional ftimulus from the brain or nerves.
This difference was requilite, becaule the former are required to
act continually, the latter only occafionally ; and it is well known
that the heart, and other inwoluntary inufcles, are more irritable.
than the woluntary ones. Yet the Jatter muft be previoufly pre-
pared for the aétion of the nervous flimulus by beat, See Effays
en Phyficlogical Subjedts.

* The blood of the feetus alfo receives a portion of latent
heat from the mother, by means of the umbilical veffels.

+ The heat of animals is allo of ufe to liquefy their blaod and
juices; but this does not feem by any means to be the grand ufe
of heat,

S



258 PHYSIOLOGY.

pendent on heat, and heat on refpiration, as
above fuggefted.

As motion is dependent on heat, fo heat
is probably equally dependent on motion. ’Tis
known, that if the nerve which ferves a part is
divided, the part becomes cold, notwithftand-
ing that the blood flows through it as ufual.
And as in fleeping, the voluntary motions, and
{enfation, are dormant, and yet the heat con-
tinues as great as before, or nearly fo, the heat
appears to depend chiefly on thofe nerves which
{ferve for the vital or inveluntary motions of the
body. Alfo the motion of the blood through a
mufcle is known to be as neceflary to its action
as the nerve, All this feems to fhew that there
1s a neceflary connetion between the action of
the moving fibres, and the heat of the blood.

If animal heat is caufed by phlogifton com-
municated to the blood during its paffage thro’
the body, then we may fay that for a nerve to
caufe the motion of a fibre, it is neceffary that
it thould impart phlogifton, either immediately,
or mediately, to the blood flowing through or
by that fibre * ; or in other words, that there is a

neceflary

* The venous blood being denfer than the arterial, is an ar-
gument in favour of this doftrine. It fhould likewife be noted,
that the body in health 1s not in a putrid {tate, and therefore does
not on that account phlogifticate the bloed,

3
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neceflary connection or dependence between the
attion of the fibres, and the phlogiftication of
the blood.

The action of the moving fibres may be di-
vided into voluntary and involuntary, fome fcrv-
ing for involuntary motion alone, others for vo-
luntary. According as more of the voluntary
mufcles act, or as their action 1s ftronger, more
blood 1s phlogifticated in a given time; the
heat is greater, and the refpirations are quicker.
But thofe mufcles which ferve for the voluntary
motions of the body are alfo continually exert-
ing involuntary action. The contrattion of the
arteries, the veins, and other veflels of the body
for the purpofe of circulating the fluids, &c.
are performed by means of moving fibres, The
mufcles, membranes, coats of veflels, &¢c. are
made up of fuch fibres, and there is hardly any
part of the body but what abounds with them.
All thefe are continually exerting involuntary,
and many of them, in waking, voluntary ac-
tions, neceffary to the life and well-being of the
animal. Now as there {feems to be a mutual de-
pendence between thofe actions, and the phlo-
giftication of the blood, as the number of par-
ticles of blood is not infinite, but on the con-
trary, only fuch a quantity can be admitted into
the ftruéture of the animal fabric as is fufficient
to balance the action of the folids, if there was

S 2 no



260 PHYSIOLOGY.

no contrivance for dephlogifticating the blood,
the whole mafs would foon be rendered unfit for
the purpofes mentioned, and death would pre<
fently enfue. Nature has therefore provided the
animal with Zzngs. The blood, phlogifticated as
already related, is conveyed to that organ: the
air in infpiration reftores it to its original purity,
by taking from it its phlogifton, and furnifhing
it in return with fire, and thus renders it dgain
fit for the purpofes of animal heat and motion.
In proportion therefore as the fum of the whole
action of the fibres is greater, that is, in propor-
tion as a greater quantity of blood is phlogifti-
cated in a given time, the motion of the blood
ought to be increafed, and the infpiration of air
more frequent, in order that the reftauration of
the bleod to its former purity may keep pace
with its phlogiftication in the body.

Now as life depends on the aétion of the fi-
bres, as was fhewn above ; as there i1s a necef-
fary connection or dependence between the ac-
tion of thofe fibres, and the phlogiftication of
the blood ; and as, from the great number of mov-
ing fibres in the body in continual action, and
the {mall quantity of blood, the latter will be
~prefently phlogifticated, we have an idea of the
very great importance of refpiration, and the
abfolute neceffity of it to the continuance of
life, as we find by experience to be the cafe;

" neither
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CH AP T EsES XIIE

OF THE EFFECTS OF AIR ON THE SYSTEM.

ROM what has been faid of air in the XIth

chapter, and in the firft part of this work,

it appears that it is a fluid of the utmoft impor-
tance in the animal economy.

By the XIth chapter it appears that air is
fitter for refpiration, or for fupporting animal
life, 1n proportion as it contains lefs phlogifton ;
for then it is more capable of abforbing that prin-
ciple from the blood in the lungs. The blood
thus freed from phlogifton will therefore, in the
courfe of its circulation , ore puwerfully attract

it from the body.

On what account the difcharging the blood of
phlom[’mn 1s {o nﬁc&ﬁ"arjr to life, we have en-
deavoured to thew in the two laft chapters: and
it is well known that an animal cannot live many
minutes in air that i1s incapable of performing
that effect. The fat alone is fufficient to thew
the great ufe of pure air, efpecially in putrid
fevers, and fimilar difeafes, when the ‘body
abounds with the phlogiftic principle,

It
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It may be obferved however that phlogifton
is not the only principle by which air is rendered
unfit for refpiration ; for if acid, or other irri-
tating particles be contained in 1it, they will,
by irritating the ‘trachea and lungs, alfo injure
breathing. Thus, the vapour of burning ful-
phur is infupportable, and that not on account
of the phlogifton, but of the acid particles irri-
tating the organs of refpiration. The complaints
of afthmatic people, with refpect to the foulnefs

of air, are in great meafure the effects of thofe
irritating particles,

Nor is the difcharging of phlogifton the only
ufe of refpiration. A large quantity of fuper-
fluous aqueous matter is carried off by the air
in the lungs, as is evident in cold weather, when
it is vifible ; and it has not yet been proved that
this matter is exaltly of the fame kind with that
which paffes off by the fkin.

A dry and heavy air is better for breathing
than a moift and light one, refpiration then be-
ing not only performed with greater freedom,
but more phlogifton, and alfo more perfpirable
matter i1s conduéted off ; and if the air in this
{tate be alfo moderately warm, it is better for
breathing than when very cold, becaufe by cold
‘the moifture is condenfed, and falls back upon
the lungs ; hence coughs, &c,

5 4 The
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The air in the lungs is alfo made fubfervient
to other purpofes befides thofe defcribed. Speak-
ing, fmelling, coughing, fneezing, dejection, and
various other ations are performed by means
of it.

‘With regard to the external effe&s of air, the
elafticity or ftrength of the fibres is known to
depend very much on the ftate of the air incum-
bent on the body.

That the atmoflphere prefies upon the body
with a very great weight, was fthewn when
treating of air: and from thence alfo it may
be underftood that the preflure of the external
air 1s refifted, by the {pring of the air within the
body. Thefe ought precifely to balance each
other.

But when the atmofphere is light, the refift-
ance of the internal becomes greater than the
preffure of the external air ; the vefiels then be-
come turgid ; the fibres cannot contratt fo freely
and powerfully as they ought; the circulation,
fecretions, and other funétions will go on more
heavily than ufual; a general laffitude is felt;
the voluntary motions are performed with more
difficulty and labour; and from what we feel,
we falfely imagine that the air is beavier than
ufual.

When
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When the atmofphere is heavy it prefles with
a greater weight on the body, and overcomes the
refiftance of the internal air, and of courfe the
contrary happens to what has juft been defcribed.
The fibres are more elaftic; the veffels contract
with greater freedom and force; and the circu-
lation, “and other vital funtions go on brifker
than ufual. The voluntary motions are per-
formed with greater eafe. 'The body feels more
light ‘and alert ; and we falfely imagine the air
itfelf to be /ighter. This ftate of the air how-
ever, is apt to generate an inflamed ftate of the
blood ; hence ardent fevers, and other inflam-
matory diforders frequently arife, as do diforders
of a contrary kind when the atmofphere is too
lighti] v

" A moift air relaxes the fibres, and difpofes the
fluids to a putrid ftate, and as in a moift ftate of
the air; the atmofphere is generally light, the
laflitude, the weak crafis of the blood, the flug-
gifh circulation, and diforders arifing from them
will confpire with the ill confequences of the
moifture.

The effects of a dry air on the body are the
reverfe of thefe ; and as fuch a ftate of it feldom
happens but when the atmofphere is alfo heavy,
it will be more favourable to the production of
inflammatory difeafes.

A warm
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A warm atmofphere relaxes the fibres, and
favours a diffolved ftate of the blood. If this be
joined with a light and moift air it will augment
the ill effects of thefe on the body ; but cold will
counteract them. A cold air braces up the fibres,
and enables the veflels to contrat with greater
power. If this be joined with a dry, heavy at-
mofphere, it increafes the evils of which thefe
latter may be productive; but the ill confe-
quences of a moift and light atmofphere are coun-
teratted by it *,

By thefe confiderations we may be enabled to
form proper indications in regard to the treat-
ment of difeafes in the different ftates of the air;
and alfo with refpet to food, or other proper
management in health, for preventing; or guard-
ing againft the ill effects of thefe refpective un-
favourable ftates of that element. For example,
when the air is very moift, light, and warm, 2
regimen of a more bracing and antifeptic kind
is requifite than in a contrary ftate, where a re-
laxing and antiphlogiftic treatment is more pro-
per. -But from a knowledge of the difpofition
of the atmofphere, and the ftate of the patient,
the prattitioner’s fagacity will better point out
the mode of treatment than many volumes.
Having a clear conception of the premifes, he

will

% Perfpiration is alfo increafed by a warm atmofphere, and
leffened by a cold one.
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will fee, as it were by intuition, the confequences,
And I have made it my bufinefs rather to incul-
cate an idea of the premifes alluded to, than to
fhew the various and almoft infinite refults and
applications of them, which is much better
left to the reader’s fagacity. He will notice in
particular, that the fymptoms of difeafes will be
often varied, according to the different ftates of
the atmofphere; by want of attention to, or
knowledge of which, the ignorant praltitioner
muft frequently be mifled.

The effefts of winds depend on their tempe-
rature, as to heat and cold ; on their moifture or
drynefs; and on the lighter or heavier ftate of the
atmofphere which they occafion. And therefore
they may be referred to the preceding heads.

It may be obferved, that winds will feel cold,
though they are no colder than the other parts
of the air. The wind from a pair of bellows
feels cold to the hand, though the thermometer
fthows it to be of the fame warmth as before it
was thus put in motion. For the air immediately
furrounding the {kin is warmed by the heat of
the body. But this being forced away by the
current of wind, the freth air muft needs feel
colder.

Cold contracts the pores, and checks and con-

denfes the perfpiration of the part; and hence it
15
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GLRPPAN PO B TR SRV

OF THE PASSIONS.

HE paflions influence the body, and fome

of them in a very eminent degree. They
fhall therefore be the fubjeft of the prefent
chapter.

The paffions by which the body is chiefly af-
fe€ted are grief, joy, hope, fear, love, hatred,
and anger ; the others, being either akin to fome

of thefe, or of lefs moment, need not be fpeci-
fied.

Jov is a violent and pleafing paffion, arifing
on the attainment of any good, efpecially if
fudden or unexpected. This paffion occafions a
greater determination of the nervousinfluence into
the body than ufual ; hence it fuddenly, and re-
markably quickens the circulation of the blood.
A pleafing warmth or glow is thrown upon the
heart and breaft, which are even convulfed, as
it were, with tranfport ; and inftances have been
known where death has been the confequence,
when the paffion has been very violent and fud-
den. In this paffion the heart in particular feems
remarkably lighter ; owing to the greater ability

with
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with which it is enabled to circulate the blood,
not only becaufe of the increafed influx from
the nerves, but by reafon that the veffels, the
mufcles, and other parts, on account of the like
increafe of nervous influence, perform more than
their ufual thare in that circulation, and of courfe
greatly leflfen the labour of the heart. The fe-
cretions, and other funttions of the body,. alfo
go on with a proportional increafe of fpirit.

Horz, or the probability of attaining any good,
is of the fame nature with joy, only calmer, or
lefs violent in its nature. The like may be ob-
ferved of felf-complacency, which Mr. Hume
calls PRIDE; of fuccefsful Love, and of other
paflions of the pleafing kind.

Thefe paffions therefore might be employed
by phyficians as cordials ; which they are of the
higheft kind ; and much better than any that
the materia medica can produce. For example,
if a phyfician is capable of perfuading a fick
perfon that he fhall recover, fuch an bope will do
more towards the cure, in fome cafes, than me-
dicinal prefcriptions ; and it is well known that if
a patient takes it into his head that he fhall die,
this contrary pafiion to hope will fometimes oc-
cafion his death.

Care however muft be taken to prevent excefs
in. thofe pafiions, at leaft in the violent ones of

joy and love, for not only madnefs or frenzy
may

I—
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may be occafioned, but by exhaufting the {pirics,
they will often bring on a contrary difpofition of
the fyftem, and the laffitude will be productive
of more ill to the body than the hilarity of the
paffion did good; and the more, as the good
was only temporary, whereas the evil will be
more lafting. When therefore {fuch confequences
are likely to arife from thefe paflions, they thould
be carefully moderated by a fkilful application of
paffions of an oppofite kind.

Grigr, or that paflion which is occafioned by
the lofs of, or difappointment in, any good, re-
markably decreafes the determination of the
nervous influence to the body, directly contrary
to joy. Hence it caufeth the heart to beat
flower and weaker than ufual ; and as the vefifels
and other parts of the body will be equally af-
feCted, the heart will alfo have, notwithftanding
its lefler ability, a greater fhare than ordinary
in circulating the blood. Hence it painfully la-
bours, throbs, and is opprefled as with an heavy
weight ; and as in joy, by the greater determi-
nation of the influx from the nerves, a fenfe of
warmth was caufed about the heart, and the
{fyftem in general, that of coldnefs or damp will
now take place, for the contrary reafon. This
paffion alfo, when very fudden and violent, has
been known to occafion inftant death., Grief,
elpecially that excefs of it which is termed Je-
Jpair, is not only of longer continuance than joy,

' but
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but produdive of much worfe effeéts. Lofs of
appetite, hyfterics, hypochondriaca, and melan-
choly madnefs, are often the dreadful confe-
quences thereof. It may be added, that in this
paffion, the fecretions, and other funé&ions of
the body, are remarkably leflened ; and fome-
times {fo much impeded, that the fluids in a man-
ner ftagnate, and the fyftem becomes as it were
almoft inanimate. |

Every means fhould be ufed to divert the at-
tention of the mind from the caufe, or objeét of
this fatal paffion, and the introduction of objeéts
which are likely to infpire a contrary affection,
fhould on all occafions be attempted. But even
this paffion may be rendered ufeful, as it may
be employed to moderate the dangerous excefles
of the contrary ones; as hath already been re-

marked.

Fear bears much the fame relation to grief

as hope does to joy; for as hope is a mixture of

joy and grief, in which the former preponderates,
fo fear is a like mixture, in which grief has the
excefs, as Mr. Hume has elegantly thewn. Fear,
therefore, is only a lefs perfet grief; and its
effets on the body are of a fimilar nature, but
only more moderate. Hatred, envy, jealoufy,
and the other difagreeable paflions, have alfo

fomewhat fimilar effects,

ANGER,

S
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ANGER, or RaGE, though a difagreeable paf-
fion, has an effe¢t on the body fomewhat like
that of joy, I mean with refpect to the increafed
determination of the nervous influence into the
fibres ; but without the pleafing fenfation. What
was faid of that paflion may be applied, with
proper allowances, to this, and to others of the
like kind.

The effeé&s of the paffions on the body are to
be confidered as produced immediately by means
of the moving fibres; for it is into thefe that the
nerves infufe their influence, according as they
are affetted by the mind. Joy contralts, or
braces up the fibres more than ufual ; hence they
act more powerfully, or with greater vigour; and
_grief “relaxes, or weakens them, whence the
force of their adtion will be lefs. The like may
be obferved of the other paffions : for the vital
functions of the body go on more or lefs vigor-
oufly according as the fibres act with greater or
lefs power. Excefles of paflion however, efpe-
cially if frequent, will ftrain, or otherwife im-
‘pair the fibres, &c. and hence thofe melancholy
confequences which were mentioned when treat-
ing of the fibres.

It appears therefore that the paffions are capa-
ble of being applied to ufeful purpofes in medi-
cine, But fkill and addrefs are required ; and,

T perhaps,



274 PHYSIOLOGY.

perhaps, it will be advantageous to the pradi-
tioner if he likewife makes himfelf acquainted
with their metaphyfical theory, as delivered by
Mr. Hume, and other authors.

CHAPTER XV

O“F- T HE 5B bl 5

OF VISION.

A HE dofrine of vifion, fo far as relates to

the refrattion of light, was explained in
the chapter on optics. The manner in which vi-

fion is caufed by the rays of light fhall be the
fubject of this fection.

The different colours, like notes of found, may
be confidered as fo many gradations of tone ; for
they are caufed by vibrations of the rays of light
beating on the eye, in like manner as founds are
~ caufed by vibrations or pulfes of the air beat-
ing on the ear. Red is produced by the flow-

eft vibrations of the rays, and violet by the
quickeft.

In the chapter on optics it was fhewn that
colours might be excited in the eye without the
. affiftance

= g
W
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affiftance of the rays of light, or merely by irri-
tation, as is the cafe with the fenfe of fecling,
But thefe colours are the fame with thofe which
are excited by the rays of light. For the white
colour is like that which arifeth from a mixture
of all the rays; and different tones or notes of
colour are fometimes obferved to arife, like thofe
caufed by the refracted rays. Now as the rays
caufe colours by means of their vibrations, and
as colours may be excited by irritating the eye,
like thofe caufed by the rays of light, it feems
apparent that thofe colours are the effeéts of as
many different vibrations liable to be excited in
the retina, of the fame fwiftnefs with thofe of the
refpective rays of light,

In the chapter on found, it was fhewn that a
mufical ftring, when put into vibration, has the
property of putting another ftring into metion,
whofe time of wvibration is the fame with its
own; or whofe note is in unifon with it. The
fame thing feems to obrain with regard to the rays
of light, and the vibrations or colours liable to be
excited in the retina. If the red-making rays
fall on the eye, they excite the red-making vi-
brations in that part of the retina whereon they
impinge, but do not excite the others becaufe
they are not in unifon with them. And hence it
feems to be that the leaft refrangible rays caufe
only a red colour. For the fame reafon, if the
violet-making rays ftrike on the retina, they ex-

355 cite
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cite all the violet-making vibrations in the part
on which they fall, and thofe only, and therefore
caufe only a violet colour, and the like may be
obferved of the rays which caufe other colours.
From hence it may be underftood that the rays
of light do not caufe colours in the eye any other-
wife than by the mediation of the vibrations or
colours liable to be excited in the retina; the co-
lours are occafioned by the latter; the rays of
light only ferve to excite them into action. So
likewife if blue and yellow-maling rays fall to-
gether on the fame part of the retina, they excite
the blue and yellow-making vibrations refpective-
1y, but becaufe they are fo clofe together as not
to be diftinguifhed apart, they are perceived as
a mixed colour, or green ; the fame as would be
caufed by the rays in the midway between the
blue and yellow-making ones. And if all forts
of rays fall promifcuoufly on the eye, they ex-
cite all the different forts of vibration ; and as they
are not diftinguifhable feparately, the mixed

colour perceived is white ; and {o of other mix-
tures.

We are therefore perhaps to confider each of
thefe vibrations, or colours in the retina, as con-
nected with a fibril of the optic nerve. That the
vibration being excited, the pulfes thereof are
communicated to the nervous fibril, and by that
conveyed to the fenfory, or mind, where it occa-
fions, by its action, the refpetive colour to be

perceived,
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perceived. Alfo that there are in the retina a
great number of vibrations of the fame times,
or kinds, and that all the different ones are mixed
equally together throughout the whole organ.

OF HEARING,.

As colours may be excited by irritating the
retina, fo there are founds liable to be excited
by prefling or irritating the ear. The tinnitus
aurium, or ringing in the ears, had long been
noticed by authors. By prefling the ear with
the finger, and otherwife irritating it, it has been
found that a regular fcale of notes, or mufical
founds, might be excited ; and that the ear feems
to contain all manner of them, from the loweft,
or moft grave, to the higheft, or moft acute,
It is probable therefore, that the vibrations of
air caufe founds by the mediation of thefe, in
like manner as the rays of light were fuppofed
to caufe colours by means of the vibrations liable
. to be excited in the retina.

The pulfes or vibrations of the air beat upon
the tympanum. The internal founds, however,
or thofe liable to be excited by prefling the ear,
do not feem to be in the tympanum, but in the
labyrinth and cochlea, which are the inner parts
of the ear, Behind the tympanum is a cavity
filled with air; from its refemblance to that in-
ftrument, it is called the drum, of which the

membrane called #ympanum is confidered as the
T3 head,
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head. In the tympanum, only the fenfe of feel-
ing can be excited. When a found enters the
ear it beats upon that membrane; and the pulfes
are propagated thro’ the drum into the cochlea
and labyrinth. It there probably excites the
unifon internal vibration, and thence caufeth a
found, in the fame manner as was thewn with
regard to colours, The note of the found there-
fore, and alfo its loudnels, feem to be determined
by the internal found excited in the labyrinth;
but the fituation, and other particulars of it, are
probably known by means of the other parts of

the ear, in a manner not yet properly underftood,
See alfo the chapter on found.

OF FEELING,

Hearing and feeing are confined to very fmall
portions of the animal, the eyes and ears: but
feeling 1s an univerfal fenfe, being diftributed
throughout the whole body.

Hearing and feeing are capable of being ex-
cited by mere irritation, as hath been fhewn;
and they feem to be both occafioned by vibra-
tions liable to be excited in the organs of thofe
fenfes, and carried, by the nerves to the {en-
fory, or mind, Feeling is fo liable to be ex-
cited by this means, that it is ordinarily excited
by no other. And therefore it thould feem that
fecling 1s alfo occafioned by vibrations liable to

be
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be excited in thofe parts which are endued with
this {enfe.

The whole cutis, or fkin, is poffeffed of the
fenfe of feeling, and anatomifts fhew certain fmall
pyramidal bodies, which they call papillz, as the
immediate organs of this fenfe; perhaps we may
rather fay, of that particular modification of i,
called rouch.

When the fenfe of feeling is excited with an
undulating motion, as by means of a feather, or
the like, it yields that pleafing kind of fenfatmn
called tickling.

When feeling 1s excited very f{trongly, it de-
.generates 1nto pein, which though difagreeable,
is of the moft important ufe, for by it we are in-
formed when any thing is injuring, or deftroying
the body, and aroufed to remove the caufe.

Different parts of the body are endued with
different degrees of feeling, fuitable to their dif-
ferent ufes. Thus, the hair, nails, and cuticle
have no feeling ; the bones very little; the
gums, the heart, and fome other parts have lefs
than the fleth in general, for elfe the former
would be hurt by hard food; and the labour of
the latter in circulating the blood, would be con-
tinually fenfible and troublefome,

i E The
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The difference between irritability and fenfibi-
lity was fhewn when difcourfing on the fibres.

Feeling is by far the moft ufeful, extenfive,
and important of the fenfes, and may be faid
indeed, to be the bafis of them all. Vifion would
be of very little ufe to us, if it was not aided by
the fenfe of feeling, The picture of an objed,
for example, is painted on the retina, by the
rays of light ; yet it is not merely by this picture,
but by the eye tracing the boundaries of an ob-
ject, that we get the idea of its fhape, the eye
only confidering that point of an objeét which
lies in the optic axis, at a time; fo that it is pro-
perly by means of the fenfe of feeling, that we
get the idea of an objeét’s thape. The like may
be obferved with regard to the fituation, motion,
&c. of objetts. 'With refpet to hearing, we
probably gain an idea of the fitvation, &c. of
founds, entirely by means of feeling, In fhort,
it 1s to this fenfe that we are indebted, either im-
mediately, or indiretly, for by far the greateft
part of our knowledge; as the reader will find
by confulting the authors who have beft treated
on thofe fubjects in a metaphyfical view.

To feeling may be added the fenfatiﬂns‘ of heat -

and cold, which are capable of being excited
wherever the fenfe of feeling is found, and there-
fore feem to be only certain modifications of it.
Heat arifeth in a part when a fubftance hotter

than
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than that part is applied to it, and cold in the
contrary cafe,

OF TASTE, SMELL, HUNGER, THIRST, &C,

Tafte, and fmell, differ from the fenfes of fee-
ing, hearing, and feeling, in that they cannot
be excited by merely prefling, or irritating the
organs, as happens with the others. The like
may be obferved of hunger, thirft, &c.

From odorous bodies, efluvia, or very {ubtle
particles, are continually flying off. Thefe parti-
cles being drawn up the noftrils, with the air in
infpiration, a¢t upon the organ of fmelling, in
the os cribriforme, and, according to their fe~
veral natures caufe different fimells,

As the particles exhaled by the odorous body
are in greater plenty near -the body than at a
diftance from it, {mells are weaker as the body
emitting the odour is more remote, and that in a
duplicate proportion to their diftance, as thofe
who are fkilled in mathematics can eafily demon-
ftrate,

Alfo when the air is moift, particles exhale in
greater plenty than when it is dry, and in a warm
air, more than in a cold one, and therefore the
fmells of bodies are more powerful at thofe times
than at others,

- TASTE
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TasTE is excited by faline, and certain other
particles of bodies, which muft either be in a li-
quid form, or capable of being diffolved into a
liquid by the moifture of the tongue, for other-
wife no taftes are excited by them *,

The papille in the tongue are the organs of
tafte; and on them the liquids which are capable
of exciting this fenfation aét. As the particles
are of different natures, they caufe different taftes,
and taftes of the fame kind are ftronger accord=-
ing as the particles more abound in the liquid,

TwuirsT is an uneafy {enfation in the throat,
arifing from a want of fufficient moifture in that
part.

Hu~GER is an uneafy fenfation in the ftomach,
arifing from want of food. It is occafioned by
the juices of that vifcus, which not being em-
ployed in digefting the food, ftimulate the
{tomach.

REMARKS ON THE SENSES.

The fenfes ferve to inform the intelligent prin-
ciple of what paffes in, or without the body,
in order that proper meafures may be adopted

for

* One reafon why fome faline fubftances tafte more than others,
may be, their diffolving more readily and copioufly in the moif~
ture of the tongue,

The above reafoning feems alfo to hold good with regard ta
the organ of fmell,
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for the prefervation and happinefs of the indi-
vidual.

Thus, Vision gives information concerning
things at a diftance, which the other fenfes could
take no cognizance of. It alfo acquaints us with
the objeéts immediately around, in a much
quicker, better, and more accurate manner than
the other fenfes could, To this fenfe objeéts
appear moft delightfully painted with a thoufand
varieties of beautiful colours, all which they are
. deftitute of naturally, and for which they are
indebted to the eye which beholds them. Our

happinefs was evidently confulted by the Great
Creatpr in this particular,

Hzaring alfo informs us of things at a
diftance, and in many inftances where fight either
could not at all, or much ‘lefs advantageoufly.
On this fenfe likewife the whole fyftem of lan-
guage depends, whereby we are enabled to hold
converfe with one another, and from whence we
derive fuch wonderful advantages. As to the
eye bodies are indebted for the beautiful co-
lours under which they appear to us by that fenfe,
fo the like may be obferved with regard to mufic
and the ear. Mere motions or tremors of the
air, are, by means of this fenfe, metamorphofed
into the moft ravithing harmony. Another very
capital inftance of our happinefs having been
confidered by the Creator, There is fcarce a

greater
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But as our bodies, from the continual wafte of
fluids, have occafion to be frequently recruited,
nature has provided a ftill more powerfuldtimu-
lant, or incentive, to the recruiting the body,
I mean the fenfation of Huncer. By this fenfe,
.we are informed when the taking of nourifhment
is neceffary. In health the call of appetite cor-
refponds exatly enough with the wants of the
{yftem in this refpect. The gaftric juice, whofe
ufe is to digeft the food, being continually fe-
creted, it follows that when there is no aliment in
-the ftomach to employ it, it irritates the {tomach
itfelf, giving us the craving fenfation of hunger,
. and thereby ftimulating us to eat, in order to get
rid of that uneafy intruder. Nor will it be fa-
tisfied till a due quantity of food is taken.

TairsT is inftituted with a fimilar defign
to hunger. 'When fluids are wanting in the {yf-
tem, the drynefs of the throat in confequence
thereof produces the molefting {fenfation of thirft,
which excites us to the act of drinking, in order
to remove it ; fo that, as in hunger, our pleafure
or eafe, and the views of nature, are, at the fame
time, obtained.

Both hunger and thirft however, are liable to
be perverted by ill habits, or by difeafe, from
the views originally intended by them. Thus,
drunkards and gluttons frequently hunger and
thirft when nature has no occafion either for

folid
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folid or fluid aliment, and the like fometimes hap-
pens from their being vitiated by difeafe. The
contrary of this likewife often takes place, efpe-
cially with regard to hunger; it neither giving
notice when nature requires a {upply, nor is the
ftomach, through weaknefs, capable of turning
the food, if taken, into proper nourithment. It
may be obferved too, that when a fever takes
place, nature herfelf providently deftroys the ap-
petite, in order to prevent an increafe of the dif~
order.

LusTt was implanted in the body with a view
to ftimulate us to the propagation of the fpecies.
A turgidnefs of the feminal veflels produces an
unealy kind of fenfation, which provokes us to
the act of copulation, And by that aét, as hap-
pens with regard to hunger and thirlt, we at
once get rid of the importunity, and anfwer the
defign of nature. The passrons might alfo be
confidered as fo many different fenfes ; for all of
them have their organs and origins in the body.

The fenfations by which we are provoked by
the contents of the bladder and rectum, to empty
thefe vifcera, may alfo be confidered as diftin&t
fenfations, for thefe refpective purpofes. Thefe
fenfations however, as well as thofe of hunger
and thirft, feem to be only particular modifica-
tions of feeling. Perhaps thofe of tafte and {mell
are alfo in the fame predicament. -

L B Pa
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CHAPTER XVL

OF SLEEP.

HE difference of the ftate of the body in

(leeping and waking is, that thofe parts of
the body which ferve for voluntary motion in
waking, as alfo the organs of fenfation, have
their faculties fufpended in the former ftate. At
that time, none but the vital motions, fecretions,
and other fun&tions abfolutely neceflary to the
continuance of life, but which are wholly inde-
pendent on the will, go on. Thus, the eye
does not fee nor the ear hear, nor the fkin feel
at that time, if the fleep be profound; neither
do the limbs move, though the will commands ;
which is frequently the cafe in dreaming, or
imperfeff fleep. This term 1 give it, becaufe
when the fleep is profound, the faculty of dream-
ing alfo becomes dormant, the mind being afleep
as well as the body. The mind therefore at
thefe times is not only unconfcious of what is
going on in, and without,” the body, but the
whole animal, confidered as a loco-motive being,
is in a manner lifelefs.

This alternation of fleeping and waking is ne-
ceflary in order to repair the wafte of the parts.
: 4 For
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For nutrition is chiefly performed in fleep; and
the vital ftrength recruited. Hence the injury
~which the body derives from the want of it.
Hence alfo we may be enabled to underftand the
medicinal ufes of fleep, which in cafes of long
and obftinate watchfulnefs, fhould fometimes be
procured even by artificial means, whether the
evil be occafioned by difeafe, pain, uneafinefs of
mind, or other caufe.

As fleep is feldom profound, we are by the
alternation of this ftate, and waking, furnifhed
with an agreeable viciffitude, a variety of {cene.
For moft people, during the former ftate, dream.
We are then, as it were, in a, new world. The
cares of life are forgot for a while, and we awake
to real action with new relith and vigour.

Delirium, and madnefs, are alfo a kind of
dreaming, the ideas in both cafes appearing to
us like real external {enfations, for which we at
the time miftake them. Thefe however are to
be confidered as difeafes.

CxH A’ P PrESRXVIL

OF GENERATION.

l I UM AN beings are propagated by means
of feed as well as vegetables ; and the egg

is the animal {eed. In botany we find, that male
and



and female parts are neceffary to the prodution
of plants, as well as in animals. The feed itfelf
is in the female part of the flower, or in the fe-
male flower, where the male and female flowers
are diftinét. But the pollen, or vivifying prin-
ciple from the male part or flower, is abfolutely
neceffary to rendering that feed prolific, and,
with which being duly impregnated, the feed
becomes capable of producing a new plant. So-
in the female of the human fpecies, the egg, the
proper bafis of human feed is contained, but
never becomes perfect unlefs quickened by the
vivifying principle from the male ; when that is
done, the egg or feed is difpofed to produce a
young animal. In oviparous animals the egg,
when it arrives at a certain degree of perfetion,
is excluded from the body, covered with an hard
fhell to defend it from injuries, and afterwards
hatched by heat. But in human beings, and in
thofe animals that are termed viviparous, the
egg 1s hatched in the womb.

‘In the female of the human fpecies a monthly
difcharge of bloody matter takes place in the
abfence of pregnancy ; but after conception that
difcharge generally ceafes, it being then turned
to the nourifhment of the feetus. The improper
{fuppreflion, or profufion of this difcharge, often
occafion many diforders, efpecially thofe of the

hyfteric kind.
U CHAP-
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C APV B oV I

OF THE PROGRESS OF LIFE, AND OF DEATH.

FROM the time of impregnation of the
ovum by the male, till the birth, the young
animal in the egg, is continually growing, or
increafing in fize. From the time of the birth
it alfo continues to augment in bulk till it arrives
at the ftate which we term adult; and which,
in an human being, is ufually reckoned about
the twentieth year. ‘The increafe of growth is
greateft at firft, ‘and is afterwards lefs and lefs
rapid, till the age of puberty is attained.

The reafon of this increafe of fize is, that the
preflure of the fluids is greater than the refiftance
of the folids, fo that the latter will in courfe give
way, or expand®. For in youth the folids are
foft; but at the age of puberty they become
harder ; and fufficiently ftrong to refift any
farther dilatation by the preflure of the fuids.
They afterwards become more and more hard ;
and at length fo dry and rigid, that they are no
longer fit for the purpofes of the motions of the
fytem ; whence thofe motions, and of courfe
life, which depends on them, ceafe ; and death
clofes the fcene.

* The fluids are alfo in greater proportion to the folids in
youth-than in age, '

CHA P-
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CHAPTER XIX
RECAPITUL ATION,

'R OM what has been faid, the reader will
perceive, that when the folids and fuids

are in their proper ftates, and proportions ; the
aliment good, taken in due quantity, and pro-
perly digefted ; and the air in the moft perfe&
ftate with refpect to denfity, and the other par-
ticulars already difcourfed of, the circulation,
fecretions, and other animal funftions, will go

* onto the beft poflible advantage ; the faculties

of both mind and body will be in their moft per-
fect conditions, and a general harmony will reign
throughout the fy{tem ; this conftitutes bealth.

On the contrary, when any of thefe are faulty;
the harmony is deftroyed, and diforder takes
place in the fyftem; and the difordez is greater,
according to the degree of the defet, or as more
of thefe powers concur in producing it.”

Diforders therefore owe their origin either to
food, the fyftem itfelf, or to the air: for cafual-
ties; or the effets of external violence, are not

Jhere conflidered.

U 2 Diforder
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Diforder may be introduced by food feveral
ways; by too little a quantity thereof ; by too
much ; by that which is too poor; by too rich
food ; by an over proportion of folid to fluid ;
by too great a proportion of liquid ; and by im-
proper food, either confidered in itfelf, or varied
in all the preceding cafes.

The confequences: of taking too little food,

even of that which is proper, are too obvious to
need pointing out. A wafte of the body, weak-
nefs, and at length a fever, arifing from the
gaftric juices, which fhould be employed in di-
gefting the food, getting with' the little chyle
that is made into the {yftem. An encreafed al-
lowance of food is obvioufly the beft remedy in
this cafe. '

Food in too great quantity produces a ple-
thora, or over fulnefs of the veflels, and alfo
crude or imperfect juices, the ftomach taking in
more than it can properly digeft. Hence what
are vulgarly called humours in the blood, and
the eruptions in confequence of thefe; gouty,
and other chronic complaints, fevers, a decay
of vital ftrength, from a general weaknefs of
the over-ftrained fibres; and at length indigef-
tion, and lofs of appetite ; the ftomach, from the
frequentover diftention, lofing itsdigeftive power.
The mere plethora may be relieved by bleeding,
evacuations, and reftriction to a due quantity

of



“PHYSIOLOGY. 293

of food. The other complaints by the fame
means, in conjun&ion with thofe ufually pre-
{cribed for the refpective maladies.

A poor, and rich diet produce effects fimilar
to the above ; and, if taken in the fame pro=
portion, in a more eminent degree.

If the folid food be in too great proportion to
liquid, the blood will be.apt to be too thick,
and therefore will not circulate fo freely as it
ought, and the fecretions, and perfpiration will
alfo be impeded. Hence ftagnations of the fluids,
obftru&ions, and the diforders arifing from them.
An excefs of liquid food, I mean if too watery,
will occafion a contrary ftate of the blood, and
the diforders confequent thereupon.

The diforders arifing from improper, or bad
food, will be warious according to its nature.
Thus, putrid falt provifion produces the fcuryy,
plants of various kinds 6ccafion different fpecies
of diforders, and fome of them almoft inftant
death, whence they are termed poifons; and {o
of others. Philofophy has not yet arrived at a
fufficient knowledge of the theory of aliment, to
determine 4 priori on thefe matters, though
from the improvements and difcoveries almoft
daily making by the inquifitive, there is reafon
to hope for greater certainty, and that this part
of phyfiology will alfo in time be reduced to a

U 3 {cience,
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{cience. We know that the food that we take
muft, among other principles, contain a due
proportion of phlogifton in a ftate proper for
affimilation. And hence it feems to be, that ani-
mal food is in general beft for nutrition ; ‘and
next to that vegetable., There are few animals
but what might be made ufe of as food. The
vegetables proper for diet are far lefs numerous.
But a proper mixture of animal and vegetable
food is found to be moft conducive to health.

The diforders liable to be produced in the
{fyftem by the different ftates of the air were fpo-
ken of in the X1IIth chapter, and therefore need
not be repeated,

Thofe arifing from the fyftem itfelf are pro-
duced, 1. By the paflions ; of which we treated
before. 2. By too violent exertion, or exercife;
and, 3. By a fedentary life, and too much fleep.

The effeéts of over exertion, and continued
fatigue on the fyftem are to ftrain, wear out, and
relax the fibres, and occafion too great an hurry
and irregularity in the circulation and fecretions,
and this is alfo commonly joined with an anxious
ftate of mind. ¥rom hence confumptions, fevers,
and other fimilar complaints arife.

On the contrary, want of exercife, and an
over indulgence of fleep, efpecially if accom-
pamtd w:th a tranqu:tl mind and full diet, is apt

! o
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to produce plethora, crudities, and corpulency,
with their confequences. But when a f{edentary
life is joined with hard ftudy, and abftemious
living, the oppofite effefts are more apt to be
produced, ftudy being a real exercife, and injures
the vital powers even more than that.

Many diforders may alfo be called diforders
of the body, which originally took their rife from
irregularity with refped to food, the ftate of the
air, or other caufe. For example, when a ge-
neral relaxation of the fibres obtains, we are to
confider it only as a diforder of the body, with-
out regard to its original caufe, efpecially if
that caufe no longer operates; and the intention
by medicine muft be to reftore the tone of thefe
fibres by bracing medicines, and a proper regi-
men. But if the caufe of the diforder remains,
the firft ftep muft be to remove it. Thus, if
by cold air, or otherwife, perfpiration be ob-
ftructed, and a fever occafioned, we are firft to
remove the external caufe, and then by diapho-
retic and attenuating remedies, &c. reftore per-
fpiration. The like may be obferved of many
other difeafed ftates of the body.

The fcience of medicine is not yet arrived at
fuch a ftate of perfection as to enable us to rea-
fon about the manner of operation of medicine in
general, any more than we can about the caufes
and progrefs of difeafes in many cafes; fo that

A B ' much
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much muft be left to accurate obfervation ;. and
our conduft muft be regulated by the paft ex-
perience of others, and our own; hence the
great ufe of praétical writings in medicine. Yet
our knowledge in this way is very confiderable,
and in moft cafes fufficient. Thus, when from
-a knowledge of the caufe of a difeafe, we know
alfo that any particular evacuation will cure it,
we can, in general, with certainty produce that
evacuation, even as a mechanic can produce a
defired effet by a known adequate caufe. If,
for example, we would purge, we not only know
what medicines will procure that evacuation,
but have our choice of a variety of them, which
are known to produce different effets in that
way, according to the end to be anfwered. Thus,
manna is merely folutive, but jalap powerfully
evacuates alfo the wvafcular fyftem, and fo of
others. The like may be obferved of emetics,
diuretics, fudorifics, and thofe which encreafe
other evacuations. So likewife we can leffen one
_evacuation by encreafing another. If tonics are
wanted, we have our choice of a like variety.
And the fame may be obferved of attenuants,
and thofe for other intentions. We even know
the manner in which fome of thefe remedies a&t ;
Thus, an emetic ats by vellicating the fibres of
the mufcular coat of the ftomach, thereby excit-
ing it into contration, whereby the contents of
that vifcus are expelled. A cathartic aéts in a

fimilag
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fimilar manner on the guts, and alfo, by irritat-
ing their fmall glands, occafions an encreafe of
their fecretions ; whence the liquid part of the
difcharge. The operations of other medicines
have alfo been rationally accounted for by me-
dical writers. But yet to know bow, or iz what
manner, thefe medicines produce thefe effefts,
would be of little other avail than to gratify
curiofity ; all that we have occafion to know is,
that they will have thefe effefis ; and our know-
ledge in this refpeét may be confidered as real
fcience. The fkill of a phyfician confifts in ac-
quiring a knowledge of the caufe and ftate of
a diforder ; and that will point out to him the
remedies proper to be adminiftered, at leaft in
cafes which are relievable by medicine.

We are even more perfe& in this branch of
the medical art than in that of the knowledge
of the difeafes themfelves, many of which arife
from caufes that do not fall under the nature
of our fenfes; as from qualities of the fluids,
the air, &c. which philofophy has not yet
enabled us to afcertain. In thefe cafes, till we
are better informed, experience, and attentive
obfervation muft be our chiefeft guides. But
there are a variety of cafes in which we are able
to acquire a knowledge of the diforder with
fufficient certainty. Thus the caufes of difeafes
with refpeét -to plethora, fever, and the like,
are difcoverable with accuracy by the pulfe. A

relaxed
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N a former treatife, I gave fome obfervations
concerning light, the fubftance of which will
be found at the end of the chapter on Optics
in the prefent work. The following particulars
on the fame {ubject have fince occurred to me.
I have fubjoined them to this Treatife, becaufe
I do not know when I may have leifure to ap-
pear in print again.

The Motion of Light is fwifteft in Bodies of the
leaft refraciive Denfity.

In the 1oth propofition of the third part of
the fecond book of Sir Ifaac Newton’s Optics,

it is fuppofed that light is {fwifter in bodies than
in vacue. The following confiderations will, I
prefume, thew this to have been a miftake,

In the 12th and fubfequent propofitions, the
illuftrious author fhews that the rays of light
are in fits of alternate reflettion and tran{mif-

- fion,
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fion, which may be termed a wvibration of the
rays. It is now generally underftood, that on
this vibration of the rays vifion depends; the
different rays having different times of vibration,
and thereby caufing the different colours, in the
fame manner as different times of vibration of
the air caufe differént tones, or notes of found.
Now as the fame ray, however refleCted or re-
frated, always excites the fame colour, its time
of vibration muft always be the fame; for if it
was either quicker or flower, the colour would
be altered. For example, if the green-making
rays were made to vibrate more quickly, they
would no longer caufe green, but blue, indigo,
or violet; and if they were made to vibrate
more flowly, they would caufe yellow, crange,
or red ; in the fame manner as when a mufical
ftring is either tightened, or flackened, fo as to
alter the time of its vibration, the note yielded
thereby 1s proportionably higher or lower than
before.

The times of vibration of the rays therefore,
being always the fame, it follows, that if the
velogity of light be encreafed, each fit of a ray
will take up a proportionably greater {paceé than
it did before. But that if the velocity -of lighe
be diminifhed, the {pace of each fit will be pro-
portionably Ze/. :

Now

‘.__.
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Now it appears {rom the fecond book of
the Optics, but particularly from the table in page
206 (3d edition) that the greater the refractive
denfity of the body, the fhorter are the {paces
occupied by the fits of the rays. Thus, to take
an example from the table in round numbers,
the fpace in glafs, is to the fpace in air, as ¢ to
14. Therefore, inftead of light being fwifter
in glafs than in air, as the propofition referred
. to fuppofes, it is fwifter in air than in glafs, and
that in the proportion of the two numbers juft
mentioned, as is evident from what has been
faid ; {o that the very reverfe of that propofition:
is the truth: light moving fower in bodies than
in vacuo, in proportion to their refra&wc den-
fities.

That this is the truth, will appear from the
hypothefis which Newton himfelf propofes for
explaining refraction. Let R be a ray pafling

R @

A4

B

R
out of a rarer into a denfer or more refralting
medium. He fuppofes his @ther to be denfer in

rare bodies, and rarer in denfe ; and by this fubtle
3 elaltic
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elaftic fluid he conjectures that the ray is refraéted.
At the furface where the two athers meet, a
fmall condenfation of each may be fuppgfcd ;
and the author infagines that pulfes or waves are
excited in the medium, which are fwifter than
the ray, and thercfore overtake it in its paflage,
and urge it forward. If a cannon-ball be fhot
obliquely through air into water; it will be
turned, by the refiftance of the watet, from the
perpendicular.  But a ray of light is refracted
towards the perpendicular; and this I fuppofe
has led opticians to imagine that the motion of
the ray is encreafed, contrary to what happens to
the cannon-ball. If the =ther be denfer in a,
the rarer medium, than in 2z, the denfer, the
pulfes or vibrations of it muft be ftronger ; and
therefore the ray muft be urged on with greater
velocity in @ than in z.  When the ray arrives at
the furface, the medium of ¢ being condenfed
there, the ray meets with refiftance. But hav-
ing broken through it, that fame denfe ®ther, att-
ing perpendicularly to the furface, on the ray’s
quitting it, turns it out of the right line, and
bends it fowards the perpendicular. But having
paffed the refracting furface, it goes frait on
without any farther bending. The pulfes of the
@ther in z being weaker, the motion of the ray
becomes lefs. That motion however is uniform
during its whole paffage through z, as is evident
from the fourth part of the fecond book of the
Optics ; in which refpeét it differs from the can-

non-
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nnn-ba(ll Elﬁch not only has its motion conti-
nually %ﬂ in the water, but 15 turned into a
curve line 3 {o that in neither refpect are the in-
ftances parallel.

When the ray paffes out of a denfe into a rare
medium, as from 2, into @, the bending of the
ray from the perpendicular is performed by the
condenfed part of the denfer ®ther in 4. But
having broken through that confine, the ray,
now atted on by the ftronger pulfes of the
@ther in 4@, moves on {wifter than before.

When light paffes from a denfe into a rare
medium, it is refleCted entirely at a certain obli-
quity ; but in paffing from a rare into a denfe
medium, it is tranfmitted, though the obliquity
be much greater; which may be underftood from
the greater condenfation and refiftance of the
furface of the @ther in ¢, than of that in z.

Alfo refleftion, whether the ray paffes through
the denfer towards the rarer body, or the con-
trary, feems to be performed by the condenfed
furface of the ather in the rarer body. For
when the ray comes from the rarer medium, it
s refleted before it can break through this con-
denfed xther at the confine; and when it comes
from the denfer medium, it is refle&ted by ftrik-
ing againft the fame condenfed furface of the
#ther in the rarer body 4, as well as by its own.
b And
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And hence it appears, why reflection out of the
denfe medium into the rare, is even weaker than
out of the rare into the denfe; the former being
produced but by one power, the latter by two.

We have hence alfo the reafon why there is
firft an attration, and then a repulfion, at the
furface of a body ; and why, in proceeding from
the denfe body, the attrative force is weaker,
the repulfive ftronger; and the contrary as we
proceed from the furface of the rarer. From this
repulfive force, arifing from the condenfation of
the medium at the confine, the inflection of light
may likewife be underftood.

I muft afk pardon for dwelling fo long on an
hypothefis ; but it is becaufe it was Newton’s,
and that it was made ufe of by himfelf to explain
the phﬂnomen;u of refraction. But though it
-overturns the fuppofition that light is fwifter in
bodies than in vacuo, yet the general fcope of
the propofition in queftion will not be affeCted
thereby ; the fquare of the line B R, in the
fcheme, being {till the meafure of the refradtive

force of the body, as mathematicians will eafily
underftand.

!

Light is capable of receiving Heat from Bodies, as
well as of communicating it to them.

I have long fince obferved, that if a bottle or

vial with an aqueous liquid in the lower part of
Ly it
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it be {uffered to ftand for a confiderable time, a
dew will be feen condenfed in the fides of the
glafs, above the furface of the liquid. Some
time ago, I obferved cafually, that this dew ap-
peared only on one fide of the bottle; and I
have fince found, that if the bottle be not too
full, and heat does not intervene, this is gene-
rally the cafe. The bottles in which I firft no-
ticed this phenomenon either ftood in, or faced,
a window that looked almoift full fouth; and
therefore fpeculating concerning the caufe, it
firft occurred to me, whether the motion of the
magnetic fluid might not determine the vapour
“to the fouth fides of the glaffes ? But making
like obfervations on bottles that ftood in another
window which faced the eaft, and on others
which I purpofely placed in different ficuations,
I found that the dew in thefe cafes by no means
{fettled on the fouth fides, as before, but in va-
rious other pofitions. Yet, as one fide of the
bottles appeared dewy, the oppofite moft com-
monly dry, I thought that fo regular an effe@ -
muft have as regular a caufe. After a variety
of conjectures, and obfervations, I at lenoth dif-
covered that the dew ufually fertled on that part
of the glafs which was moft expofed to the
Licur : but with this curious difference, that it
were not the fun’s dire¢t light, fo as to occafion
an unufual heat in the fide of the veflel expofed
to it; for then, as might naturally be expe(ted,
the reverfe of the phenomenon took place ; the

X 2 ' fide
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fide next the fun being dry, the oppofite one
dewy.

As light is ufually confidered as conneéted
with heat, I was at a lofs how to reconcile
this fact to the received philofophical theory
of thefe matters. As the vapour rifes alike into
the whole cavity of the bottle, if its fides were
every where equally warm, it ought to con-
denfe uniformly on every part. But fince it is
found to condenfe only towards the light, and,
on the contrary, to evaporate from the oppofite
fide if it be already wet, (as I have tried,) it
thews that the fide next the light is colder, and
the oppofite fide wariner, than the other parts of
the veffel : and this difference muft be oc-
cafioned by the paffage of the light through it.

Let 77 be rays of light refleCted from the
clouds, walls, or &c. and incident on the bottle
B at 5. 'The rays, on entering and pafling thro”
5, occafion the glafs there to become colder than

before.



before. In B is a quantity of vapour, which
will now condenfe rather about this colder part
s, than any other; and, if the effect be great
enough, a dew will appear there. The rays, on
leaving the glafs, enter the air and fteam in the
bottle ; and whereas s was made colder, thefe
will be made warmer than before ; and therefore
if any dew be already on ¢, it will now be diffi-
pated. THuis is the ftate of fats as deduced
from obfervation ; from whence the following
conclufions feem naturally to follow.

1. The reflected light of the clouds, &c. in
pafling from a rarer and lefs refracting medium,
into, and through, a denfer and more refratting
.one, abforbs heat from that medium. '

2. But in pafling out of a denfer, into, and
through, a rarer and lefs refractive medium, it
depofits heat,

To examine this matter more accurately, I
varied the experiment as follows. The bent
tube of the upper veflel of my glafs apparatus
for impregnating water with fixed air, has its
lower part, for feveral inches, cut, by a plane
pafling through its axis, fo as to reprefent only
the half of fuch a tube. In the middle veffel I
put fome water; and placed the apparatus in
fuch-a pofition, that a right line paffling through
the centres or middle parts of the flat and con-

b Sl vex
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vex fides of the tube, was at right angles with:
the light from the window. Examining the ap-
paratus the next morning, I found that the dew
had not colleéted on the infide of the wvefle]l as
ufual, but about the tube. As the tube ftood
with refpect to the light, there were four furfaces
of the glafs. On the firft furface, or that next to
the light, dew was condenfed ; the fecond fur-

face was dry. The third furface was dewy,

the fourth dry. The reafon of this difference,
from the ufual appearance of dew on the infide
of glaffes, was, that in the latter cafe only the
infide of the glaffes are expofed to the vapour;
whereas the tube, being confined in the glafs,
the vapour furrounded it, without, as well as
within. And this alfo thews that the heat or cold
1s gencrated more powerfully at the entrance of
the light ‘into the medium, than in its paflage
thro’ it, as will alfo appear in the fequel.

It has ufually been thought that light and
heat are one and the fame principle. But it
appears from the above obfervations, that heat is
only one of the principles of light; and that
common refleéted light at leaft, is capable of re-
taining a greater or lefs quantity of it, according

as it pafies through a more or lefs refracting me-~
dium.

Speaking of the foregoing obfervations to a
friend, he referred me to a fact mentioned by the
late ingenious Mr. Bewley, at the end of one of

Dr.
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Dr. Prieftley’s volumes, of a fimilar evaporation
and condenfation of quickfilver in his barome-
ter ; which evidently proceeded from the fame
caufe ; and may be confidered as a confirmation
of the fa&s ftated above.

That light is capable of being combined with
more or lefs heat, is alfo evident from fome
curious faéts related by Mr. Sheele, though that
gentleman did not apprehend the caufe; confi-
dering light, and what he calls radiant beat, as
different things. Thofe for whom this paper is

- written, I fuppofe to have read Mr. Scheele’s

excellent work on air and fire; and to them I
fuppofe it will appear, after what has been faid
above, that what Mr. Scheele calls radiant heat, is
nothing more than light combined with a greater
quantity of heat. From the fats related by that
gentleman, it alfo appears, that by pafling the
light through different mediums, the fupera-
bundant heat may be taken from it. Thus, by
letting the light pafs out of the air through
glafs, into air again, the fuperfluous heat is in
great meafure left in the glafs; the cooled light
(if I may fo call it) alone entering into the air.
By refleCting this heated light with a glafs mir-
ror, the fuperabundant heat is alfo in great
meafure left in the glafs. But if the reflection
be made by the firft {urface of a body, as a me-
tallic mirror, the light rebounds undecompofed,
the medium in that cafe not being changed, be-

X 4 caufe



312 ASPIPE N.D I'Xi

caufe the reflection is made by the air, not by the
metal 1tfelf, as hath been thewn.

It feems to appear from hence, that light,
like air, water, gold, &c. is capable of being
heated or cooled ; and that it may either com-
municate heat to, or receive it from, bodies, ac-
cording to the temperature, or other circum-
ftances, of thofe bodies. And hence it may be
confidered only as a more fubtle body than air,
in the {fame manner as air itfelf is rarer than,
and different from, water, or gold.

I will bring a few inftances to illuftrate this
matter.

" The fun’s dire& light is hotter than the ordi-
nary refleted light of the clouds; and fo far re-
fembles Scheele’s radiant heat of coals, In paf-
fing through the air, it depofits part of this heat.
Hence we have lefs folar heat, in proportion to
light, in winter, than in fummer. For the light,
in pafling through a larger and denfer portion of

air In 1ts greater ::-bhqmty in the former cafe,
depofits a greater portion of its heat.

So the fun’s direét light, inftead of condenf-
ing the dew in bottles on the fide next the {un,
diffipates 1t from thence by its heat ; contrary to

what happens with the refleted and co/der light
of the clouds. .

If
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If the fun fhines on a common culinary fire,
’tis well known that it either puts it out, or
makes it burn lefs vigoroufly than before. For
though the fun’s direét light is hotter than com-
mon reflected light, yet it is much colder than
the fire, and therefore ought to abforb heat from
thence. And though light be vaftly more rare
than flame, yet as it moves with fuch prodi-
gious velocity, a great quantity muft pafs through
it in a fhort time, and therefore ’tis no wonder
if it has a fenfible effeét on the heat of the flame.

Perhaps too the light abforbs the heat in its
nafcent {tate.

After bodies are made red hot, they are found
not to become hotter in ‘proportion to the heat
applied. For the light emitted, like evapora-
tion, abforbs, and carries off, part of their heat,
So likewife in combuftion, part of the heat is
_ abforbed and carried off by the light, Heat,
when fufficient, volatilizes, and expels light from
bedies, as it does fixed air, or water,

Water ftanding in a veflel expofed to the light,
(not the {un’s direct light,) is fenfibly colder than
the air around it. Part of this cold proceeds
fram evaporation. But part of it alfo, I ima-
gine, proceeds from the caufe affigned in the
firft' of the foregoing conclufions. So glafs bot-
tles filled with watery liquids, and placed in the

fhade, are more apt to have moifture condenfe
on
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the clouds paffed, the latter was cooled fooner
than the former.

To thefe may be added the old obfervation,
that light reflected from a plane glafs quickfil-
vered, becomes brighter ; and that the fun, thin-
ing through clear glafs windows, feels hotter, than
before. And other examples will probably oc-
cur to the reader.

The equilibrium of heat, difturbed by light in
the manner defcribed, is reftored by the known
tendency of bodies to preferve an equality of
temperature ; and this is done independent of the
attion of light. Hence it is that the foregoing
effeCts of light are not ufually more fenfible
than we find them.

Lzébt is a very fubtle body, or fluid, the particles
of which are made repulfive by means of beat,

It has already been fhewn that light may
contain a greater or lefs quantity of heat; and
yet it i1s light in the one cafe, as well as in the
other : for vifion is caufed by the refleCted light
of the clouds, the moon, &c. as well as by the
fun’s direct light: fo that heat is not the prin-
cipal ingredient of light.

A ray of light therefore may be conlidered as
a feries of particles, combined with ‘a fufficient
quantity
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quantity of heat, fo as to give them a repulfive
power ; and in this refpect thejr may be refem-
bled to particles of air or vapour, which are alfo
made repulfive by heat. It may likewife be
~prefumed, that when light is hotter, its parti-
cles are more repulfive, or its elafticity is greater,
than in the contrary cafe.

What the particles of light confift of cannot
perhaps at prefent be thewn. I have formerly
fuppofed them to be phlogifton; and Mr.
Scheele and others feem to have adopted a fi-
milar idea. But there are arguments that mi-
litate againft this opinion.

That eletricity is, in fome manner or other,
connected with light, has long been noticed.
If quickfilver paffes over a table, it does not ad-
here. But if water be fubftituted for quick-
{ilver, part of it adheres to the table, or the
table is wetted; and this water, by combining
with the heat of the table, flies off by degrees in
the form of vapour. Eleltricity, like the quick-
filver above, paffes over a non-eletric without
any of it adhering. But when it paffes over an
eledtric, light is feen, Does it not arife from
hence, that part of the eleftricity, or fomething
contained 1n 1t, like the water on the table, ad-
heres to the furface; and is volatilized into /ight
by the heat of the eleétric, as the water was into
wapour by the heat of the table? This point

might



might perhaps be determined by nice thermo-
metrical experiments, the thermometer itfelf be-
ing ufed as the eleétric. If it be true, then
light, as it exifts dormant in bodies, is to vifible
light, what water is to vapour. By fuch trials
the quantity of /aten? beat in light might pofii-
bly be difcovered, efpecially as this heat i1s de-
pofited when light is ftopped and ftifled in opake
and dark fubftances. Perhaps alfo phlogifton
will be found in future to be the other compo-
nent principle of the eleftrical fluid. For light
ftopped in infulated opake bodies does not elec-
trify them ; and yet it is well known that feveral

phlogiftic proceffes may be performed by means
of electricity.

Light does not move on of itfelf, but its motion
depends on the medium through which it paffes.

For if light paffes out of air into glafs, and
from thence again into air, its velocity in the
latter cafe is the fame as in the former; and yet,
as its paffage was flower in the glafs, if its mo-
tion did not depend wholly on the medium, it
ought to have lefs velocity in the air after hav-
ing left the glafs, than before it entered it.

Agreeably to this idea, Newton explains the fits

of the rays, by {uppofing them to be occafioned
by
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by the vibrations or -pulfes of his ethereal me-
dium.

It may farther be obferved, that a ray of light,
while in the fame medium, pafles on with an uniform
motion, in a right line. But if the ray moved
on of itfelf, it would be bent into a curve, ei-
ther towards, or from, the perpendicular, accord-
ing as it was accelerated, or retarded, provided
that it entered the medium obliquely ; as may be
collected from the hypothefis at the beginning
of this article *.

R B P T e —E DR ey

I have, for my own amufement, carried thefe
{peculations concerning light and heat, to much
greater lengths. For example, I make it appear
probable that the fubtle medium which caufes
the repulfion of particles of light, is not of it-
felf beat, but that to become beat it muft be
combined with particles in the form of repelling
atmofpheres ; fo that though that medium be
the caufe of heat, yet heat itfelf is a guality, and
the refult of the combination juft mentioned.—
That the vibration of light has no conneétion
with its heat, any more than the vibration of air
for caufing founds has with the heat of that air.
—That the heat in combuftion, mixture, &c.

18
* This feems to favour the hypothefis, that light confifts in

motion propagated through amedium; butpreceding obfervations
“are againft this opinion,
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is produced merely by chemical means, and de-
pends on‘the fire already combined with bodies ;
but that that produced by friction, and the like, is
faétitious, and made at the time, by combining the
free medium, with the body, as above.—That
taftes and fmells are probably caufed by the differ-
ent particles of light; and that acidity, in particu-
lar, feems to depend on fome of the lefs refrangible
rays.—I have alfo extended thefe {peculations to
other fubjects connected with them. But it would
not be proper to publifh them without more ex-
periments than I have either leifure or conve-
niences to make; and even what I have here
given is offered rather to excite others to take
up the fubject, than as demonftrated truths. I
fhould not have joined them to a work like this,
but that I do not know when I may again have
an opportunity of appearing in print; and that
fome of the fatts feem worthy of being. known.
For the fame reafons I have added the fol-
lowing.

OF
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OF LIME TREATED WITH INFLAM-
MABLE AIR.

I'T has lditely been difputed; whether inflami-
mable air 1s phlogifton alone, or phlogifton comi-
‘bined with water 2—I thought that if the latter
opinion was true,there might poffibly be methods
of feparating either the phlogifton, or the water;
fo as that the inflammable air might be decom-

pofed. And, as quick-lime attracts water ftrongly,
I tried the following experiment.

Into a vial capable of holding three ounces,
I put fome weak {pirit of vitriol, and iron filings ;
and after they had effervefced a while, fo as to
expel the common air, I tied over the mouth of
the vial a bladder, containing about two or
three ounces of lime, but out of which I had
fqueezed all the common air. And though in-
flammable air enough was generated to more
than fill the bladder, as I afterwards purpofely
tried ; yet, after the effervefcence was entirely
over, the bladder was nearly as empty as at firft,
and had continued fo during the whole operation,
though none of the air had efcaped.

I then tied the fame bladder and lime over
another quantity of {pirit of vitriol and iron
filings, and the whole of the air was again ab-
forbed; and I repeated the procefs a third time
with the fame refult, Probably much more air

would
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would have been abforbed by the lime; but I
did not make any farther trial with it.

In attempting however to repeat the experi-
ment with frefh lime fome time after, I did not
fucceed ; and I feveral times met with the like
difappointment. At laft however I fucceeded
again, and found on examination, that the fuc-
cefs feemed to depend on the following circum-

ftances; at leaft thefe were the circumftances in
which I fucceeded beft.

The lime had lain in the air, in 2 room where
the rain could not affect it, tll it was became
quite light and fpungy, and I put the pieces into
the bladder without powdering them. The lime
was alfo white or cretacecous. The fpirit of
vitriol was ready made, and cold; and was in
the proportion of one part oil of vitriol, to about
four of water. Whenever I ufed frefth lime, the
experiment failed; neither did flacked lime
always anfwer.

" Taking the lime out of the bladder, I dropt
fome of the pieces of it into a bafon of water,
and immediately a quantity of air rufhed out in
bubbles, as the water was abforbed by the lime.
But on adding an acid afterwards, I could
not perceive any effervefcence, at leaft when
good lime was ufed.

But I alfo found, that if the lime, Jefore it had
abforbed inflammable air, was thus dropt into
i | water,
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water, air-bubbles alfo rufhed out ; and feemingly
in as great quantity as afterwards.

I had no conveniences at hand for trying this
air, only I did not find it inflame by holding the
flame of a candle init. And any one that fhould
chufe to take up the fubject would do well to
examine,

1. Whether the air contained in the pores of
the lime &4fore it had abforbed inflammable air,
" was the fame mixture of phlogifticated and de-
phlogifticated air as that of the atmofphere, or
 only one of thefe ?

2. Whether thE air which was expelled by the
water after the lime had abforbed inflammable
air, was the fame as the above, or inflammable
air alone, or a mixture, or mew combination of

thefe ?

To place this experiment in another light, I
put into the middle veffel of Blades’s glafs ap-
paratus, over night, fome /Jac calcis ; and 1in the
under veflel fome {pirit of vitriol, and iron fil-
ings ; then left them to operate till the next
mﬂrmncr On drawing off fome of the clear
liquor, I found that it had not the leaft tafte of
lime-water that I could perceive, or indeed any
tafte at all,

"The lime therefore had been precipitated from

the water,
3 Shaking
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OF CHEMICAL AFFINITY.

BERGMAN has divided his table of elec-
tive attrations Into two parts, viz. by the
moift, and by the dry way. The following ex-
periment fhews, that 1n the moift way the men-
ftruum itfelf is capable of varying the affinity.

I mixed olive oil with flacked lime into a
. pafte, by which means a calcareous foap was
formed. I then added a quantity of mild fixed
alcali, with water fufficient to.render the whole
fluid, and fet it over the fire till it boiled. I
did this to try, whether the calcareous foap
would be decompofed by the alcali; the alcali
itfelf uniting with the oil, the fixed air with the
lime ? but found that this was not the cafe. I
then I‘Epf:atﬁd the experiment with rectified
fpirit of wine inftead of water. In this cafe the
calcareous foap was decumpnﬁed and on filter-
ing the liquid, and evaporating it, a perfectly
pure alcaline foap was obtained.

If I added the fpirit of wine to the calcareous
foap without the alcali, the foap did not appear
to be acted upon. By throwing in mild alcali, the
foap bégan to be diffolved, and decompofed. But
when the alcali was all combined, the folution was
againata ftand.  On adding fufficient alcali, the

6 {olution
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folution was renewed, and continued till the whole
of the calcareous foap was decompofed, nothing
but the lime, in a mild ftate; remaining. If
more alcali than enough was put into the mix-
ture, the fuperfluous quantity remained undif-

folved with the lime. |

This is a very expeditious method of maidng
foap, and it i1s perfeétly pure at the firft oper-
ation ; for common foaps are purified by dif~
folving them in fpirit of wine. It is alfo free
from rancidity. Except however for medicinal
ufes, the experiment is more curious than ufeful.
For ordinary purpofes, a foap loaded with alcali
is defired. Alfo in the large way of manufac-
ture, a prodigious quantity of fpirit of wine muft
be employed ; and though it might be drawn
off by diitillation, and the fame fpirit ufed re-
peatedly, yet I fuppofe mote fpirit would be loft;
~ than the faving in fuel would make good.

My reafon for inferting this procefs is, to
fhew that affinities are capable of being varied
in the moift way, merely by varying the men-
ftruum. The reafon that the calcareous foap
was not decompofed by the alcali when water
was ufed, was, I fuppofe; that the alcali was
ftrongly attratted by the menftruum; whereas
rectified fpirit of wine has no affinity to fix-
ed alcali. It might likewife be added, that the
{pirit was capable of a&ing on the oil of the

X a ' calcareous
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tar, but that bof water will, ought it not to be faid
that water alone is incapable of diffolving that
falt, but that it is rendered capable of it by the in-
tervention of a fufficient quantity of heat or fire* ?
—So water will not unite with oil; but if an
alcali be added, it will; the alcali, being attraéted
by both, ating as an intermedium. If the alcali
be withdrawn from the compound, the union is
diffolved, and the water and oil feparate. So if
the above folution be expofed to the cold, the
fire, or heat, which ferved as an intermedium,
being attracted away by the furrounding bodies,
the water, and falt, feparate. In fome cafes the
heat is fo ftrongly retained, or fixed in the com-
pound, that no decompofition takes place on
expofure to cold, the furrounding bodies not
having power to attract away the heat or fire fo
fixed. ‘The like may be obferved of bodies not
burning but in a certain degree of heat; and of
many other inftances to be met with in chemiftry.
Again, heat or fire decompofes many compounds.
Is it not becaufe one of the ingredients has a great-
er affinity to it than to the principle it is already
united with ? The fire or heat, in fome cafes, is
attracted away by the neighbouring bodies on ex-
pofure to cold, and the body is again capable of
uniting with the principle that was expelled by
the heat; but in other cafes this does not hap-

pen.

* Fire, or the caufe Jof heat, when five, is, perhaps, that
fubtle medium by which Newton explains the refraétion of
light.
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pen. Heat or fire therefore feems to ack ia the
fame manner as other chemical principles.—
If vitriolic acid be combined with water, its acti=
vity is very great. If it be transferred to metals,
earths, &c. its activity becomes lefs and lefs, till
at length it is imperceptible. If the fame quan-
tity of fire be transferred from fome bodies, to
others, in a like fucceflion, according to theit
capacities for containing beat, the activity of this
principle is; in Jike manner, decreafed. For fire to
appear as beat therefore, muft it not be difolved
in bodies, or combined with them in the form
of atmofphere? And 1s not its activity more re=
ftrained, in proportion as bodies attract it more
ftrongly ! The difpute  whether heat be a gua-
lity, or a_fubflance,” may, perhaps, be fettled by
profecuting thefe confiderations.”

“ The do&rine of phlogifton leflening the
capacities of bodies for containing heat, as {tated
by Dr. Crawford, has been oppofed by Mr.
Morgan, and others, who cannot find that the
capacities of bodies for containing heat are fo
greatly altered by means of phlogifton as Dr.
‘Crawford pretends to have found by experi-
ments. Perhaps the following confiderations
will tend, in fome meafure, to clear up this
matter.

« T am inclined to think that the hedt in

combuftion comes from the air, as I formerly
‘ fuggeited 3

|
|

-
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fuggefted *; but yet I think that we muft con-
fider heat, or fire in two different flates. When
1t 1s fet free, it then ‘manifefts itfelf as heat;
becomes fenfible to the feeling, and the thermos
meter ; and different bodies have different capa-
cities for containing it, the fame as they have
for containing moiffure. A fpunge, for example,
has a greater capacity for containing water, or
motfture, than ivory or wood. But when fire is
chemically combined with bodies, it then, I think
entirely lofes its property of heat, even as wa-
ter does that of moiffure when combined in
quickiime, or guaiacum. wood. It is then no
longer fenfible to the feeling, ‘or the thermome-
ter, any more than moifture in like circumftan-
ces is to the hygrometer, and of courfe is by no
means difcoverable by the methods of finding
the capacities of bodies for containing difen-
gaged fire, or beat. This difference is {fo very
obvious, that I wonder it had not occurred to
me before.

“ A body therefore may contain an immenfe
quantity of fire, in a fixed, or combined fate, and
yer its capacity for containing heat may be very

little

# Though phlogifton (or the inflammable body) may extricate
heat from air and fome other fubflances, it may not from all,
The fixed alcali extricates the calcareous earth from many fub-
ftances ; but there are others to which it has a lefs affinity than
that earth ; and there are other inftances of the kind to be met
with in chemiftyy., On the following theory alfo the capacity of
a body for containing beat, does not depend on its quantity of
phlogiften, '
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little. 'When that fire'is difengaged, and fet loofe
by the addition of phlogifton, or otherwife, it
fhall then occafion a very intenfe beat, and yet

its capacity for containing heat fhall not be found
to be leffened ; it may even be increafed. .

« « The capacity of nitre, for example, is much
lefs than that of water ; yet when nitre is mixed
with a combuftible body, and fired by a {park
which may be confidered as nothing (for the leaft
{park will equally firean 100 weight, and a grain, )
a very great degree of heat indeed is generated.
I cannot find however, that the capacity of the
refiduum, of the Clyflus, or of the air generated,
is, on the whole, lefs than that of the mixture
was before the conflagration; and that no heat
was abforbed from the neighbouring bodies is
evident, becaufe the conflagration happened al-
moft in an inftant ; and bodies are a long time
in imbibing heat from the furrounding fubftan-
ces, as is evident from a mixture of {pirit of nitre,
and fnow ; the capacity of which being increafed,
does not become faturated till after a very confi-
derable time,

¢« No one, however, will difpute that the heat
in the above inftances came from the mixture of
the witre and the inflammable body ; and 1 account
for it by fuppefing that the latter difplaces the
fire chemically combined in the acid (or dephlogif-
ticated air) of the former; all of which (except
perhaps what the ipflammable body abforbs in
lien
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licu of its phlogifton) becomes then difengaged
fire, or fenfible beat, agreeable to the thmr}f
above premifed ; and whu.h I was led to by the
confideration of the anaiﬁgy of water or moiffure
in like circumftances.

¢ Though therefore Mr. Morgan, and others,
have found that phlogificated and dephlogifticated
airs have not their capacities for containing hbeat
fenfibly different, the latter may neverthelefs
contain a very great quantity of fire in a ftate of
chemical combination ; and its being extricated by
the inflammable body may be the principle on
which the beat in combuftion depends. The
like may be obferved with refpect to animal beat,
8c.?

It may be added, that the fire, extricated as
above, probably combines with the bodies in
form of atmofphere around their particles, and
thereby conftitutes beaz. But the fubject requires
to be further inveftigated by experiments.

T H E & WNDs
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Page 305, line 2, for afcend read leffened.
306, line 17, for phenomenon xead phenomena,
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SHEWING the Appendix to a philofophical
friend (my old worthy fchool-mafter) afier it was
printed off; and mentioning to him fome other
hints that had occurred to me refpeéting Light, 1

have, at his requeft, inferted the following, ver-
batim,

DEAR SIR,

Your difcoveries concerning light, and particularly that

it is a quite different thing from heat or fire, [ was {o
much ftruck with, that I could not help catching the en-
thufiafin, and engaging in fo delightful a fpeculation.
I am much miftaken, if light will not be found a very
important chemical principle, and of extenfive ufe in na-
ture. The chapter on this fubjet in your Philsfsphical
Olfervations, thews that light exifts in a {late of chemical
combination in bodies ; and hence you explain very inge-
nioufly the blue light in combuflion. I think, however, that
this light comes not from the infammable body, but from
the air 5 and [ think I can point ott how it caine there.—
Light fhining on vegetables, occafions them to form de-
phlogifticated air. [ fuppofe that the light unites as a
chemical principle with the impure air, and the phlogifton of
that air with the plant: Horn lead, and horn filver, are
blackened by light: I fuppole the light unites chemically
with the acid, the phlogifton of the acid to the calx. So
air, ftanding on dephlogifticated fpirit of nitre, phlogifti-
cates the acid when expofed to the fun ; the light I fuppofe
uniting to the air, the phlogifton of the latter to the acid;
(or is it the wwater that is decompofed?) Incombuftior,
therefore, this light is expelied from the air by the phlo-
gifton of the inflammable body. Blue light blackens luna
cornea fooner than the other rays, being more eahly ab-
z forbed ;
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forbed ; but red light is hotter than blue, as Dr. Franklin’s
experiments thew. ’T'is known that metallic calces at-
tract phlogifton ftronger, as they are more heated. This
has hitherto feemed {trange to me, as it is different from.
what happens to other principles. But your difcoveries
enable me to explain this matter. You {hew that light is
expelled from bodies by heat, like fixed air, or water.—
Now, as light expels phlogifton from calces, when the at-
traction of the light to them is weakened by heat, they bea
come of courfe more capable of receiving E:hlugi&on.

Light thrown on charcoal, or a white heat being giveri
to it, it becomes (with the heat) inflammable air. Light,
theérefore, is probably an ingredient in inflammable air: acs
cordingly we find that itmakes its appearanceduring its com-
buftion. So metals at the inftant of their reduction fulgurate.
Where re-compofitions of this kind take place without heat
and vifible licht, I fuppofe the light is transferred filently (as
chemifls fay) juft as alfo happens to fixed air, &c, in like cix-
cumftances. I don’t know whether light is not the inter~
medium between the particles of bodies, and fire (the fub-
tle medium which caufes heat) ; for if fire and Newton’s
ather be the fame, bodies repe/ that.—But light attradis it,
and thereby condenfes it atmofpherically around its particles,
whence their repulfion : and it feems to me that ’tis particles
of light with thefe repelling atmsfpheres, uniting to the parti-
cles of bodies, that give the /atter their repulfive power * ;-
and not merely the fire, which, if alone, would be repeled by
them. You fhew that light can combine with more or
lefs of this fire, and fo become more or lefs hot, and more
or lefs repulfive ; and I imagine that bodies become hotter
or colder only by the light united in them receiving
tnore or lefs fire; and the like of the repulfion of the

* Dr. Fordyce finds, that latent heat leffens the gravity of
bodies, A

particles
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particles of thefe bodies*. I think, with you, that elec-
tricity is either condenfed light, or light and fometbing
elfe (though perhaps not phlogifton). Your idea thatdight
is the caule of acidity, &c. is probable from what [ have
already faid; for calces of metals, and pure air, are
now reckoned acids. By fome trials I have made, I think
the light that caufes the dew next it in bottles, is only that of
the clouds ; for the clouds are cold ; but the walls, earth,
&ec. being warmer, the light reflected by them is not fo cold
as that from the clouds. " A-propos—You fhew that the
fun’s direct light is hot—a proof that the fun itfelf is fo,
contrary to what fome have fuppofed. Again, fay you,
light is an elaftic fluid. If fo, it muft either gravitate upon
fome body or bodies, or elfe the world muft be bounded
for otherwife, the particles of light would recede from each
ad infinitum, If the former, then, like the air, it is not
every where equally denfe. (I fpeak not of rays, but of
particles of light). ButIam rambling from chemiftry to a
very different fubject. I fhall conclude thefe rambling obfer-
vations therefore (moft of which, however, I have picked
up from your own converfation) with fuggefting, whether
light may not be the caufe of the polar, or cryftallizing
virtues of particles of bodies combined with it ? and ({ince
vinous ather is kept in a liquid form by the mere
preflure of the air, and camphire, &c. may be rendered li-
quid, and the boiling point of liquids may be protrated, by
encreafing that preflure) whether the fo/id cohefion of the

articles of bodies is not caufed by the preflure of a more
fubtle elaftic fluid, which, when heat has fufficiently fevered

* When the capacity of a body for heat is increafed, I fuppofe
it is by augmenting its quantity of /ight ; the body, with the fame
temperatiure, then retaining more fire, Henge vapour abforbs
eledricity, as well as beat : and (wiep werfa) when it condentes

depolits them,
2 2 thole
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thofe particles, at length intercedes them ; and whether their

Auid or liguid cohefion is not caufed by the preflure of a
fluid grofler than the other, but which, when heat has fuf-
ficiently feparated the particles, alfo intercedes them ; when
they become elaftic, unlefs hindered by the preflure of a
{1l grofier fluid, as air, or the like ; which, however, is at
laft, when the heat becomes {ufficient, alfo able to intercede
them?

Hoping that the chemical do&trine of light will be fpeedily
improved by the difcoveries of others, and wifhing you all
fuccefs and happinefs, I remain,

Y our hearty friend,

and well-wifher,
NATHANAEL JESSE,

P. S. The following methods of procuring an equal
temperature, occurred to me fome time ago. 1 firft thought
of this fubject, with a view to prevent the effeits of heat
and cold on time-keepers ; but it is no lefs ufeful in fome
chemical, and other procefles,

The veffel containing the fubftance required to-be kept
in an equal heat, is to be inclofed in another, fo as to be
every where at a fufficient, and egual diftance from its
fides ; and into this outer veflel is to be poured {perma-
ceti melted, and cooled to jult above the congealing
point. It will then congeal all over the inner veflel.
This apparatus is then to be placed in a water-bath, fand-
bath, or the like, fo as not to touch the fides or bottom ;
and a lamp with feveral wicks, to be lighted or extinguifb-

& ed
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ed occafionally, or other well-regulated gentle fire, is to
be applied, fo as to keep the outfide of the fpermaceti
melted, the inner part, or that next the veflel, remaining
congealed. As long as there is part of the {permaceti re-
maining unmelted all over the furface of the inner veflel,
whether the thicknefs or diameter of that folid portion be
greater or lefs, the heat in the veflel itfclf will remain the
fame, or the variation will not be worth mentioning, as
they who are acquainted with Dr. Black’s celebrated
theory of latent heat, will ealily perceive.

Or the fpermaceti in the fecond veflel may be juft
above the congealing point ; and a veflel with a wire
bottom, containing {permaceti in fmall pieces, may be fui-
pended, fo that the wire bottom may be a little under the
furface of the liquid fpermaceti. The act of folution will
keep the liquid fpermaceti from becoming hot. As the
liquid accymulates, it may run out by proper openings ;
and being hardened, and reduced to fmall pieces, will ferve
for the fame purpofe repeatedly. This method will per-
haps require lefs attendance, though the temperature

will not be fo exaltly preferved as by the preceding me-
thod.

If the temperature be required to be different from the
melting point of fpermaceti, wax, {uet, oil, or other ani-
mal or vegetable fat, may be ufed ; or any other fubftance
whofe ‘congealing point anfwers to the heat required.
If a cold temperature be wanted, ice may be employed ;
and if a very hot one, melted metals, or the like; the
apparatus being properly varied.

As liquids boiling in the open air always remain of the
fame heat, thefe might be ufed inftead of melting or con-
gealing fubftances, in proper cafes, Spirit of wine, water,
quickfilver,
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1g Motherby’s New Medical Dictionary; or General
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