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B.RE F A L E .y

ftanding me. Even gﬁnﬂemﬂn who are
defigned for phyﬁc:lans, will, 'tis prefumed,
find their advantage in the perufal, as it
will enable them the better to underftand
the letures of their profefiors, -and prepare
them for more learned treatifes on thefe
{ubjects, .

The work 1s divided into three parts.

The firft treats of cuEmIsTRY ; the
praétical 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 afterwards judged
_proper to add the accounts in the preceding
chapters. | If the reader has not already
fome knowledge of the chemical opera-
tions, he would do well to confult the
writings of the celebrated M. Macquer;
and M. Baume’s excellent manual of che-
miftry, in Englith, with Mr. Aikin’s notes.

The fecond part treats of oPTics,
ELECTRICITY, and {uch other fubjets as
were judged neceflary to the defign of the
work. But the fuperfluous parts, even of
thefe, are not entered upon. In the chap-
ter on gptics, for example, only fo much of
that feience is given as is neceffary to the
Junderftanding of the do&rine of wifiom.
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INTRODUCTION. av

{pirit of wine, weighs lefs than a pint of wa-
ter, and therefore there is lefs matter in a
pint of fpirit, than in a pint of water. Hence
{pirit of wine is faid to have lefs {pecific gra-
vity than water.

On the contrary, a pint of quickfilver
weighs heavier than a pint of water, and
therefore contains more matter. Hence
quickfilver is faid to have a greater chciﬁq
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
greater in bulk than a pound of quickfilver.
9 there is an equal quantity of matter in
a pound of fpirit of wine, a pound of water,
and a pound ef 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
quantit}r of the wool is the fame.

8.

When the fame quantity of matter is con=

tained under a greater bulk, the body is
' I faid







CRElE N LS T R Y.

& B iiTole @M o -

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.
Apirit, fal, oil, water, and earth., Larter 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 doétrine 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 androils are known to be compounds
- of other principles ; and probably the like holds
good alfo with the relt. For th::fe, and other
reafons we fhall not enter on the fubjeét of prin-
“ciples; and in the following chapters it is merely
:mtcnd:d to give the reader ideas of fome of thofe

U B chemical







CHEMISTRY, 3
ibility is fo very. lictle, that it needs not be here
confidered, being as nothing when compared to
thc'tuqnprcii_ihility_ of air; neither does it, like
air, expand when a force comprefling 1t is re-
moved.

-
LR

Vegetable, -animal, and moft of the mineral
fubftances contain water, when in their patural
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 s likewife contained in moft {ubftances,
not in its fluid form, but in a ftate of combina+
tion, forming a folid bedy. What, for example,
is'more dry orJolid than liznum vita ? Yet if it
be diftilled, wi;hgut-,:an:,f 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 aflumed a fGlid form. But when the
union: between thefe ingredients was deftroyed,
the water reaffumed its fuidity.

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
which we ufually drink, the ftrongeft of which
are almoft ensirely water, the moft folid of our

v p B 2 aliment
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4 CHEMISTRY

ahmf:nt cnntmns this prmmpl': n ‘FEI‘}" gre.;than-
tity, as s plain’ from what ‘was faid above of
the dittillation of animal and vtgetablc fubftances;
which mak: up almoft the wholeof our fuhd fmd

Water cannot be obtained pure, becauf: it
will neceflarily diffolve many particles of the 'va-
rious foils thréugh which it paffes. Hence the
difference between river and {pring waters, mine-
ral waters, fea waters, &c.  The pureft of all
is rain water. ' But for nice chemical purpofes
water is diftilled. ; '

When water is fufficiently heated it boils. The
bubbles which then arife in it are water rendered

elaftic 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'alefs
heat ; butif the preffure of the air be increafed,
a greater heat is required to make it boil than
otherwife, It is remarkable, that after water
boils, it cannot be rendered hotter by encreafing
the heat. 'When water changes from a folid
ftate, or ice, to a liquidform, cold is generated;
and the like happens when it changes from a
fluid to an elaftjc, 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. -

CHAP-
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: CH&PTER Hioniig 1
0 F E AR T H, .

f! earth we do not mean, w1th the vulgar

' foil, or dirt; thefe being mixrures of earth;
watr;r, oil, falts, and other 'matters. The earth
bfchem‘:ﬂ:r}r is that fubftance which reémains after
all the other principles are expcllcd from a body

py heat,

If a leaf be careful'y I:-urm- the fair-;, *’water
ml and other prmmplts of which it is compofed,
will be diffipated. = But. the earth, refifting the
force of fire, will remain behind, 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
fuﬂain the form into which' they Were contrived,

The general charaé‘rcr of earth i is, that u: ls
ﬁ:-:ed or m-:apabii_: of bclng raifed 1ato 'vapout
b}r any heat that we can applj,r ‘Some earths

.....

retain []]tll' dry forfn in the moft intenfe heat, By
heat they are capab!e of being turned into glafs,
euher alunt, or by fafi ion with ﬁxed alcahs.

| -Phrluf_hphers teach that there is but one kmﬂ
of puré‘earth; ‘which they therefore look upon
as a principle; and call Tcelementary earth. | All
B 3 the




6 CHEMISTRY.

the various earths which we are acquainted with,
they confider only as pure earth adulterated with
other principles; and infagine, that accnrdmg
to the fubftances with which it is alloyed, it
forms earths of ‘different kinds, Thefe alloys,
they add, afe'fo intimately combined with’the
earth, thatthey cannot be wholly feparated ffﬂm
it by any methods that we are yet acquainted
with ; and therefore the latter cannot be obtained

Purej.

It is, however, (ufficient for our purpofe, té
confiderearths in thofe ftates in which we ufually
obtain-them. For whether their differences be
original, jor accidental, they have diftiné& and
fpecific properties; and therefore ought to be
confidered as different {ubftances. 2 1

T,
cgr&rknima EARTH.

.. CHEMISTS have given tl'us name to diamonds,
fhm;s, cryftal, and other hard, tranfparent, S
mfuﬁbif: ﬂonts wh1-::h are ::-::111,r earth in a folid
or cryftalline fnrrﬂ The:. are known from
pdiers by their property. of I’rrﬂ-:m:r fire with fteel.
They are neither foluble i in acids, nor fufible
by Err:. When tmx;,& wznh alcaline falts, and
expﬂft:d to an mtﬂnfc h:at they melt into g!afs
Could they be fufed withour fuch additop, the
glafs which they would form, would be much
harder than any chat art has yet produced,

2. CALCAREOUS
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GHEMISTRY. 7

2.
GCALCAREOQOUS EARTH. ~

UICKLIME is pure calcareous earth. It is
nhtamahlc fmm lime- ftones, chalk, the thells of
animals, marble, and fome other fubftances,
by calcination, or expelling their other princi-
ples by heat. It is infufible by our fires, In its
natural ftate (as in chalk, the common abforbent
or teftaceous powders, &c.) it is combined with
fixed air, and is then called mild calcareous earth.
In its ftate of quicklime, it is freed from fixed
air, and is then faid to be cauftic.

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

It is likewife foluble in water, in its cauftic
ftate, and then forms lime water. In its mild
ftate, it is not foluble.

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 iquid into a froth as it efcapes. In its cauftic
ftate it cannot effervefce, 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 dlﬁ't:rence between them, hemg
expelled and diffipated when the mild earth is
¢mployed. ”
B4 {



8 CHEMISTRY:

It neutralizes acids, and with vitriolic acid,
it forms felenitis, or plaifter of paris.

- Itexpels vulanl-: alcali from afids; and unites
w1th fulphur ; forming a a kind of hepar fulphuris.

a2

: MAGNESIA. '-
. Lixe calcareous earth, it may be had either
in a mild, or cauftic ftate, according as it is cor-
bined with, or free from fixed air, It may be
obtained from _Epﬁ":-m, “and fome other falts, ||
either by precipita'tion with an alcali, or by cal- |
cination, by which the acid is expelled.’

It may be known from calcareous earth, by its |
forming fal catharticus amarus, with vitriolic |
ac}d ; wh:ch is ealily foluble in water ; whereas |
célE&rEﬁus earth forms with the fame acid l"r:lemt:s, i
which is infoluble’in water, or fo little foluble, |

as not in this cale to be confidered.

It may be precipitated from acids by volatile
alcali.

It has lefs fpetlﬁc grawt}r than calcaﬂ:uus
garrh efpccmll}r when in powder.

4,. i

ARGILLACEOUS EARTH.

It is contained in cla}, and may be extracted
by the vitriolic acid, with which it forms allum.
i sy [} H ll i lt
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CHEMISTRY. ‘g
It may alfo be _pméipitatr:d from allum by fixt
or volatile alcali; and as this is the method by
which it is ufually obtained pure, it is alfo called.
earth of allum.

Tt is foluble in other acids: but its forming
allum with the vitriolic is alone fufficient to
diftinguith it from other earths.

: oy | |
st MBDALEIC, EARTHSS finp iolaiy

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

- They have this remarkable and diftinguithing
property, that when fufed with charcoal, or
other inflammable matter, they become metals.
Thus minium, treated in this manner, becomes
lead; and mercurius calcinatus, quickfilver.
This i1s called reviving them. By thefé means
they may be known one from another, as well
as in general from other earths. They may. aifp
be diftinguifhed by other methods.: Thus,

CALX OF COPPER,
Combined with vitriolic acid, forms blue
vitriol. ' : 1
GALRNDE: TRONSA 1119 il windy
Combined with the fame acid, forms green

|

CALX

o —
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: CALX OF LEAD,
Combined with vegetable acid, forms faccha-
ram faturnl. - L his calx is alio foluble in oils.

CALX OF MERCURY,
Combined with nitrous acid, forms lunar
eryftal, or lunar cauitie,

CALX OF ZINC ¥,

Combined with vitriolic acid, forms white
vitriol: and fo of others. They may alfo be
charaéterizea by their colour, and other fenfible
qualwes, but the reviving them is frequently
the moft cligible method of difcovering them.

The metallic earths, or calces, ufually cu{uain
fixed or other air; which the phlogifton, by

which they are revived, expels. 3
e 'ANIMAL AND VEGETABLE EARTHS, )
Or the afthes of animal and vecretabl: fu_b,.._r
ﬁan{:;s, freed from their nlcalmc {alts. -

oA ‘ - Thefe are various, according to the nature of
the fubjeéts from which they are obtained. Thus
fumﬁ Hfumal earths are calcarious; 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
théir different kinds ; and much more the various
‘other fptmts of earth, mentioned by chemical

WEILErs 3

“# Calamine, Tutty, &c. are calces of zinc.




CHEMISTRY. re

writers; many of Whu:h are only compounds of
thofe which have been mentioned. What has
been faid on this fubject is amply fufficient to
the purpoﬂ: of the Pl‘ﬁﬂ:nt work.

ELHAPTER. Ik

i Ao b oy Ty i

Avts are fubftances havmg taﬂ:e, are foluble |
in water, and, for the moft part, incom-
~ buftible:. 3

They are dmdcd into acnd alcalme, and

- neutral; of each of which IIhaH gwe a ’&i:a- b

: rate aLEﬁDﬂf N 2 : ‘ |

' ; CIF HCID 'SALTS ] |

| Thefe are known from other fubﬁances by et
- their four tafte; and by their changmg. iyru-p__ut ‘

violets, -or -other: blue vegetable infufions red. i
' ! oo it . . : 1 P W
When mixed either with one another, with alca- -
line falts, with metals which they can diffolve, # ,1
or with water, they produce heat; with ice or |
fnow, cold. They cnagulat& animal fluids ; ;- ,
they powerfully attract water, infomuch that in -} =

4

‘

i

i

I\

e

b AR T

the pureft ftate in which we commonly ufe them
they are combined with that fluid. Thus oil
of vitriol is not pufe vitriolic acid, but that acid
and water,.. They have a ftrong tendency to
unite with many other fubftances; as alcaline

falts,

_'l:-l-l-_r )

f







CHEMISTRY. i} ik

With fixed vegetable alcali it forms vitrio-
lated tartar; with foffil alcali, Glauber’s falt;
with argillaceous earth, allum; with calx of'iron,
copper, or zinc, green, blue, or white vitriol ; :
with calcareous earth, felenitis ;5 and :with mag- |
nefia, Epfom falc: It is more fixed than the
v other three acids. b1 MO
|

o ¥ i |'.:\.:_l!l.|': i
b

b :
m'rnous AL‘ID, . '* :

Or t_hat uhtamad from fa]tpetj:m } T:hus Glau* :

ber’s, {pirit of nitre, and aqua foms, are nitrous
amds, d,l;ffohred 1n water.

6 —:'I..-." e L I:I ]

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, v
it produces ﬂame being puured on effential oils. G
With fixed alcalis it forms nitres, whu:h ‘may be
known from all other neutral falts, by their pro-
perty of deﬂagratmg with any inflammable mat-
ter, in a ﬁ1ﬂic1;*n£ degree of heat; and with
volatile alcali, it forms a falc which detonates
~ in a proper &cg'rét: of heat without the addition

~of any inflammable matter, Itis difplaced from
alcalis by the vitriolic, but not by the other
awo. acids 3 but it attraéts  phlogilton more
ftrongly than either of them, It is capable of
exifting in the form of air.

]

E R R N e -l-._:_-.;:‘.-h-.—.-___.___ ._-_.. .-ﬂ— - -

W

7. MARINE,
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14 CHEMISTRY.

2 ¥ 2e |
: : l'dl.&.R INE, OF MURIATIC ACID.

Spmt ‘of fea-falt is what we underftand by
IﬁEfE terms; it 1s diftinghifhed by the fnllommg
pmpt:mr:s |

“YWhen 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 ﬂ:mngljr than other acids; with the
foffil alcali it forms common f{alt, and with vo-
fatile alcali, fal-ammoniac; it is diflodged from
alcalis by the vitriolic and nitrous, but net by
~ the vegetable acid ; it ‘is obtainable in a fepa-
rate flate in the form of air.

4.

VEGETABLE ACID. SEEE
- Vinegar is moft commonly underftood by this
term; it is obtained from vegetables 'hy fer-
mentation.

When concentrated, that is, when diftilled
from verdegtis, or from fal diureticus, or fugar
of lead, by means of the wtrmllc acid, or pth:r—
‘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 falts; with copper, cryftals of Yenus ; and
‘with lead, faccharum faturni.

Lemon-
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CHEMISTRY. 15

Lémon-juice, cream of tattar, 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
{oluble tartar with fixed vegetable alcali 3 neither
of which can be obtained by ufing vinegar.
Cream of ‘tartar 1s alfo in a folid ftate, contrary
to the other acids; all which atcraét water fo

powerfully as not to be ufually retained in this

torm. ) ]

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

5,
THE VOLATILE VITRIOLIC ACID,

Or aqua fulphurata of the London pharma-
copeeia, 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 ; buc
the falts which it forms with thofe alcalis gray,
by expofing them to a gentle, but continued
heat, be brought to the faire ftate as thofe
formed by the common vitriolic acid with the
fame alcalis; and the like is the cafe with the
acid itfelf. The acid is capable of being ob-
- tained




16 ACHEMISTIRY,

rained from the water by heat, in the form of a
permanently elaltic vapour, or air. It may be
faid to be the vitriolic acid volatilized by
phlogifton. |

TIE P HOS PHOR IC ACID.

Phafphnrus is'a compound of phlogifton and
an acid. . If the phofphorus be burnt, the acid
remains behind, as is the cale with fulphur.
It may alfo be obtained by diftillation, from the
fulible falc 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.
o
: AQUA REGIA.

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

i I i B'. A
W SEDATIVE SALT,
n . - 'Or the acid of borax; and which may be ob-

A . tained from it by diftillation with oil of vitriol.

L . IS folid, and vlmﬁablc : 1;:-'ll:h the fo!ﬁl 4l-
Y cali | it *IEE{}'T[:}PG{'EE et dou

g 3= , : The




CHEMISTRY. 17

T'he other acids are, the acid of amber, of

ants, of animal fat, of the Swedifh fluor, of ﬁ:gar,
and fome others*. But thofe already difcourfed
of are more than fufficient to the purpofe of
this work. Fixed air is alfo juftly reckoned b].r
 the ingenious Mr. Bewly and others, among. the
aclds _
| If. :
3 OF ALCALINE SALTS.
. The moft diftinguithing characteriftics of al-
3 calis, are their acrid urinous tafte ; their turn-
_ ing blue vegerable infufions green,. and their
~ uniting with, and deftroying the four tafte of
- acids. They are likewife capable of uniting with
- other fubftances: Thus, with oil they form
- foap; and with fulphur, hf:par fulphuris. When
- combi ned with fixed air, or in their mild fiate,
~ they caufe effervefcence with acids, and are
- capable of cryftallization;* but not in their
cauftic one.  They are, like a-::lds, obtainable by
~art, from the fubftances which contain them.
See alfo the clofe of this article :

: I. nxﬁ_n VEGETABLE ALCALI

~ Itis made by burning land plantstoafhes,in an
~ open fire, pouring water on the afhes ro diffolve
the falts, then filtering and evaporating the fo-
utmn to drynr:i's ; the alcali remains behind.
- Thus, falt of tartar, falt of wormwood, pearl
 athes, and the like, are fired vegetable. ai’mfxr.

; 2 It
s See B'-'rgman‘s Tables.




18 CHEMISTRY.

It attracts acids ftronger than volatile alcal,
earths, or metals; it therefore difplaces thole
fubftances, but cannot be diflodged by them.

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

In its cauftic flate, it diffolves vegetable and
animal fubftances ; and with exprefled oil forms |
common foap. Itis not volatile.

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

It attracts water from the air, and thercby
becomes liquid. !

2, FIXED FOSSILE ALCALI.

Cal}cd alfo natron, and fal fode. Itisob- |
tained from fea-plants, in the fame manner as the :'
other is from land ones. It may alfo be ex- |
tracted from common falt, Glaubfrs falc, and.
borax; and in fome parts is found in its na- |
tural ftate. Kelp and barilla are foffil alcalis.

It differs from the veg:table 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 cus |
bicum. It is not volatile.

3 VOLATILE
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3. VOLATILE ALCALL

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

It differs in feveral refpeéts from the fixed al-
calis ; it is difplaced by them from acids, and
al{o by calcareous earth,

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

With marine acid, it forms common fal am-
moniac. It precipitates magnefia, earth of alum,
and metallic calces from acids.

It may be obtained from the water with which
it is 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.

C 2 REMARKS
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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 effervefcence; 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, itattracts the
fixed air, and they then become caulftic, or pure.
Thus, the lixivium faponarium is the cauftic
fixed alcali, and the {pirit of falammoniac, made
with lime, is the cauftic volatile alcali, Caultic
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 is the dry cauftic fixed alcali; and
alcaline air is the dry cauftic volatile alcali. The
cauftic alcalis form the fame neutral {alts wich

acids as the mild ones; the air efcaping when
the latter are employed.

Volatile alcali contains more of the inflammable
principle than the fixed. Hence it is, thatic
detonates with nitrous acid, when united in the
form of nitrous {2l ammoniac.

3. NEUTRAL
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3.

NEUTRAL SALTS.

They are formed by combining acids with
alcalis or earths, as in the following Table :

ACIDS,
AL
r 1
Vitriolic | Nitrous Maring 2 Cream o
Acid. Acid, Al | A e
r .- T = =
IF:[:I::};:E-:“MF Tart. Vitriol]l  Nitre,  |Sal Digettiv.|Sal Diuretic.| Tart. Solub,
Fuoffil Aleali. || Sal Glaub. |Nitr, Cubic.| Sal Comm. Sal Saignet.
Volatile Alcali | 7} S |2l Aman,| 831 AT 15 pginger,
ﬁéﬁﬁ“ Selenitis. {Nicr.Calcar.|Liquidihell,
i Sal Cath,
| M:;m.-ﬁt. i
3 Argill -
e < | Argillaceous
,1" Earth. Alum.
- Calx of Iron. |[|Green Vitr,
[Calx of Copper.)| Slue Vitriol L Cryl. Ven,
Calx of Zine, ||White Vitr,
L £
Calx of Lead. y Sace.Saturn.
Calx of Lunar [Meic. Corr| Keyfer's
8 5 Mercury, Cryital. Sublim, | Mercury.
7, Regulus of
‘I‘ o A’ﬂtimu“}'t i Ti“'t- Em:t.
- ! - !

~ Any peutral falt in the table is formed of the
£k acid at the top of the column, and af the alcali,
B or earth on the left hand. Thus, marine acid

B C3 and
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and foffil alcali, form common falt: nitrous acid
and fixed vegetable alcali, nitre: and fo of others.

The alcali, or earth of a falt, is called its 2affs ;
_ thus, volatile alcali is the bafis of fal ammoniac ;
1 and magnefia is the bafis of Epfom falt.

The phofphoric, and other acids, alfo form
fales wich alcalis and earths.  But as they are not
iy in ufe, I have not inferted them. Many of the
i fpaces in the table are left vacant for the fame
WiE reafon ; and fomeof thofe that are ferdown 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 acid!ib
may be expelled by heat. But in thofe with als
caline bafes this does not happen, or not fo eafily,
by reafon that their prmmpl&s are held rugeth:t'
by {tronger attractions,

R e R

The falts with volatile alcaline bafes are vola.
_tile; atleaft much more {o than the others, 3

||—- e - e

Neutral falts are for the moft part capable n{-‘I
being eryftailized ; but the form of the eryftals
in tarh falt is different, In their cryftallinc ltate
Ii‘v.;'f contain 3 potiion of water, which indeed
is neceflary to their csyﬁall-aatmn Hence they
- are {tronper when this water is evaporated, and
they an.: alfa more difficult of fufion.

-ﬂ_ i

I, '?ITRIQLATEH
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I.
VITRIOLATED TARTAR.

It is compofed of witriolic acid and fixed
yegetable alcali, remains dry in the air, and
requires a great quantity of water to diffolve ir,
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 bitterifh, and not very powerful. It
caanot 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;
is foluble in an equal weight of water, and is
gafily fufible. Its raite is fomewhat like common

- {alt, but more bitter, and its cryftals are hexa-

conal. It is not capable of being decompofed
by alcalis, or by acids in the ufual way. It yields
fulphur, being fufed with charcoal.
3.
NITRE,

It is compofed of nitrous acid, and fixed vege-
table alcali, It deflagrates with inflammable

- matter in a fufficient degree of heat; is capable

of being decompofed by vitriolic acid, when it

- emits red fumes; is eafily fufible; has a fharp

biting tafte, and its cryftals are hexagonal
prifms, &

C 4 4. CUBIC
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_ CHEMASIT RIYD 2%
Its alcali may be deteéted by fixed alcalis, and

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. _

14.
SELENITIS,
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 balfis is precipitated by fixed alcalis.
Butacids do not decompofe it. Itsacid however,
may be difcovered by examining the falt formed
by the added fixed alcali, which will be vitrio-
lated tartar.

15.
SAL CATHARTICUS AMARUS,

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

Its bafis may be precipitated by volatile alcali,
as well as by fixed, in which refpe&, among
others, it differs from felenitis, and from falts
formed by other acids with calcareous earth.

Its acid may be detected by the vitriolated
tartar which it forms with fixed aleali.
16. ALUM,

p-
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of wind.

30 CHEMISTRY,

It would be tedious, and unneceffary to the de-
fign of this work, to go through the whole num-
ber of neutral falts capab]f: 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, difiolved in water; and the num-
ber of acids and bafes is very great. Thofe falts
which have been confidered, are {ufficient to
give the reader an idea of neutral falts in ge-

neral ; and, mgether with what will be faid in

the following chapters, will enable him to un-
derftand the nature, as well as to difcover the
compofition, of others,

Iy ;CHAPTER N
OF AIR.
S the doétrine 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
carth to a very cunﬁderablf: hclght, farmmg
'F-'ha': is called the atmo/phere.

In its ui’ual ftate it does not dlfcpvﬂr tti'e,lf 0
any of our fenfes ; and hence, with the valgar,
air and nothing, are {fynonimous, When it is in

“motien, it is perceptible to the feeling and hear-
“ings and alfo (by its effeéts in moving light and

flexible bodies :) to the fight, under the notion

2 | 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 impofiible to comprefs the bladder,
as when in its empty ftate. Alfo if you attempt
to fill a veflel with water, or any other fub-
ftance, you will find it impraéticable, unlefs
at the fame time you let out a proportionable
quantity of air; as may be obferved to great
advantage in veflels with narrow necks, Thefe
are not only proofs of the exiffence of air, but
alfo of its impenetrability ; or property, in com-
mon with water, and other bodies, of not fuf-
fering any other fubftance to pofiefs the fpace
which it occupies, otherwile than by remeving
it from that {pace,

If a bladder filled with air be weighed with a
very nice pair of fcales, and if it be weighed
again after the air 1s 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 the
air is alfo heavy 5 the only difference between
water and 1t, in this refpet is, that water is
heavier than air ; in the fame manner that quick-
filver is 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 fivell, and at
length
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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
fpring in part recovers itfelf, or becomes lefs
bent. If another of the weights be removed,
it recovers itfelf more ; if a third weight be re-
nioved, it recovers itfelf {till further; and if the
fourth be alfo removed, the {pring will be quite
unbent, or in its natural ftate, But if the
weights be afterwards added in the order that
they were taken away, it will again be bent by
the fame degrees, till it returns to the ftate it was
in before; and will continue in that bent ftate
as long as the weights remain on it.

‘The air around us therefore is in a com-
prefled ftate, or forced into lefs {pace than it
. would occupy if it was free. The caufe of this

- compreffion will be feen when we treat of the
~weight of the air. The fact alone is fufficient
for our prefent purpofe.

- Over the mouith of a bafon, or other proper
- vefiel, 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 prefled
down into an hollow, or below the level of the
| D brim
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~ this will 1_1:4?pc:n n a ftill greater degree, But

- 2o recover itfelf, will force out the paper at the
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brim of the veflel ; and if you add more weights,

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 comprefied into lefler dimenfion or fpace
than that which it ulually pofiefles ; and that is
returns to its wonted bulk, when the comprei-
fing caufe is removed, Thus, if to the four
weights, already compreffing the fpring in the lafk
cale, a fifth fhould be added, the IPriqg will be
bent fill further than it was before; and if a
fixth be added, this will take Placc in a yet greater
degree 3 but if the two additional weights be re-
moved, the fpring will return to the fame ftate
as before they were added. '

Air therefore when comprefifed endeavours,
like a fpring, to recover itfelf ; and that endea-
vour is ftronger, as the comprefling force 1s
~greater. If a tube be [’:_op; at both ends with
wads of paper, and one of thefe be forced into
the tube by a rammer, the air between the
wads will be comprefied ; apd in its endeavour

farther end. So if a blown bladder be vios

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 the phznomena

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 3 1f 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 contra& in its
bulk, till it appears as empty as before.

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

From hence it appears, that the fame quans
tity of air is capable of being expanded, or in-
creafed in bulk by heat; and contrated, or
leflened in bulk by cnkl;. or in other wnrds,-,
that its elafticity or fpring. is increafed by heaty
and weakened by cold. It will be. thewn heres
 after, thac the elafticity of the air probably. des
pends :nmmly on heat,

Having premifed thefe propertiés of air, we
may pracesd to explain the genéral confteuc-
tion of the atmofphere.

b2 Air
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Airis a fluid, reaching from the furface to
many miles above -the earth, and encompaffing
the whole globe, as hath been amply demon-
ftrated by philofophers.

The 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 leffer
dimenfions than it would have if not thus pref-
fed upon. T he air next under thefe will be ftill
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 thae |
which refts upon the {urface 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 feece
of it upon the ground, that fleece will be of its |
natural bulk. If upon this fleece you lay anc-
gher, the upper one will be of its natural bulks
_but the under one will be, comprefled into lefler |
dimenfions, by the weight of that which is upon |
it. If a third fleece be added, the under one §
will be comprefled fill more, and the fecond §
will be in the fame ftate as that was juft before.
By adding continually to the pile, the under-

' g - moft
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moft fleeces will be ftill more preffed upon by
the increafed weight of thofe above, and there-
fore be forced into ftill lefs dimenfions; and
thofe which are neareft to the bottom, will of
courfe {uffer the greateft compreffion.

If now you remove thefe fleeces one by one, .
thofe which fucceflively become uppermoft will
recover their natural bulk, and the preffure
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 ftate as before
the experiment.

The air above prefles ont that which is be-
neath, in like manner as hath been fhewn
with regard to the fleeces of wool: The upper-
moft air is expanded into its natural bulk, and
that beneath is continually more and more com-
prefled by the weight of that which is above,
till we arrive at the earth’s furface, where the
compreffion is greateft of all. .

From hence it appears, that if a bladder be
filled with the air at the top of the atmofphere,
and brought down from thence towards the
earth, it will, by reafon of the continual increafe
of compreflion, be forced into lefs and lefs di-
menfions ; and the bladder will therefore ap-
pear to become more and more empty,

D 3 Alfo
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Alfo if a bladder almoft empty of air, fuch

as it is at the bottom of the atmofphere, be car-

ried upwards, it will fwell in proportion to the
afcenr, by reafon that a lefs weight is incum-
bent on it than before. 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 fl} che
bladder at the top of the mountain, 1t will ap-
pear 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 be~
come lefs,

If you weigh a bladder partiy emptied of air,
and then by means of heat, or the air-pump
caufe the air in it to fwell or expand, it will nog
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 woel in its
natural ftate does not weigh heavier than when
i’que::i:ed or twifted up into an hard ball, the
quantity of wool being the fame in both cafes.

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

heavy
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Yikavy as if filled With air at the bottom; bécaufe

in the latter café a greatet quantity of air is con-
tained in thé fame bulk. THhus che fame blad-
der filled with wool put in lightly, will weigh
lightér than if Alled with wool in 4 compreffed
ftate. Alfo if the bladdér bé filled with air,
any where in che middle of the atmofphere; it

~will weigh heavier than if filled at the top, dand

lighter than if filled at the bottom ; for reafons

- which will be obvious from what has beén faid.

When the fame quantity of air is expanded
into a greater bulk, it is {aid to be rare, rarefied;

| expanded, or to have a lefs fpecific gravity.
~ When comprefled into leffer dimenfions, it is faid
.' _' to be deiife, condenfed, or to have a greater [pecific

- 'h'a.,'_.,-l- e

|
i

P

grav vity, agreeable to what was faid on thefe
pn;nts in the deﬁmtmns.

From this general account of the ftruture of

the atmr::f'phere we may be enabled to reafon
- concerning its prefiure,

I fhéewed before that the air was Aeavy;

- and the compreffed ftate of the air near the
. earth has alfo been fhewn to be an effe® of

T P, T
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- this property, I'magine a fquare to be drawn

on the grotnd which meafures every way a foot,
and fuppofe a column of air of the fame di-
menfion with this fquare, reaching from the
ground to the top of the atmofphere, it is de-
monftrated by philofophers that it would weigh

D 4 2000
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2000 pounds. The whole furface of the earth’
contains 5547800000000000 of fuch fquare
feet, and therefore the preffure or weight of
the whole atmofphere on the earth’s furface is
1! @iﬁﬂﬂ.@ﬁgﬂﬂqaﬂqaa pounds. The furtace

the human body contains abaut 14 fquare
feet, the air therefore preffes on it with a weight
equal to 28000 pounds ; and in like manner it
prefies on other bodies, according to the quan-
tity of their furface. This preflure however is
not ufually fenfible, becaufe the air contained in
bodies, and comprefled by that weight, equally
refifts it by its elaftic force Thus, a fteel
fpring bent with a four pound weight refilts
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, its 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 fuperior or inferior force
of that preflure would then become manifefi.
We muft however except thofe bodies which
are of fo firm or rigid a texture as not to be in-.
fluenced by thefe ciccumftances.  Thus air may,
be very much rarified or condenfed in clofe me-
tallic or other vefiels ; and thefe veffels will not,
manifelt any figns either of contration or ex-
spanfion: tho’ even thefe will be burft by air,
when fufficiently condenfed in them.

In
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" 1n the veffel covered with bladder, before de-
{cribed, we find that the internal and external
air prefs equally again{t the bladder, and there-

. fore its furface remains level with the brim of

the veflel. If the bottom of the veffel 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

e

On the contrary, if, we place the veflel in a
mixture of falc and fnow, fo that the internal
air may be cooled, and its {pring weakened, the
bladder will be driven downwards, a proof that
the preffure of the external is become greater
than the refiftance of the internal air.

If this veflel 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 vacuum made in it, by reafon that it is empty
of all fenfible matter. ‘The refiftance within the
veflel, to the external air, is therefore entirely
deftroyed, and the preflure of the latter will be
jeen to be {o powerful, that it will break the
bladder and rufh into the vefitl with a great noife,
in 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 prefiure of the external ; or to fpeak in the
language of philofopliy; a partial, or imperfect
vacunm will be rhade init. The lip therefore
will be prefied 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 withdtawn, a
partial vacuum will be mades and the air will
rufh in at the orifice of the pipe ds 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 i}'ﬂﬂgﬂ .

But the prefiure of the air is in no inftance
more confpicuous than in the barometer. If a
flender glafs tube, a yard in length, be filled
with quickfilver, then turned upfide down, with
the open end in a bafon of that metal, the quick-
filver will run out of the tube into the bafon,
till it has funk about fivé or {ix inches, but after
that it ceafes to'flow: for it is fupported at the
height of about thirty inches by the preflure of
the,a:r, and this is the méthod 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 preffure of a columnof air, equal
in diameter to that of the quickhlver, and reach-
ing from the mouth of the tube (or, which is the

2 fame
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(ame thing 0 effc&, the furface of the mercury
in the bafon) to the upper part of the atmofphere,
and therefore the weight of fuch a column of air
is exactly equal to the weight of the quickfilver
. the tube, “they precifely balancing each othery
and if the tube was a {quare foot in width, the
weight of the mercury, and n courfe that of the
air, would be at lealt swo thoufand pounds, as
mentioned before.

But the atmofphere is not always of the fame
height ac 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 che 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, fomeumes the quickfilver
is {upported at the height of thirty-one inches,
acother times only at twenty-eight, and at others,
{fomewhere between thefe 3 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 is, to thew the ftate of the wea-
ther with refpeét torain. 'When the air is hea-
vier, it is ale 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 prefsdireétly 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 every part of the air at the
bottom being prefled by that above, wherever
there is a vacuity, the air around, in confequence
of the preffure, will rufh thither, and thereby
reftore the equilibrinm,

~ 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
falt of tartar to the air, it will in a little time:
attract fo much warer from it, as to make it
liquid, and it will be diffolved in greater or lefs
time, according as the air happens to be more
or lefs moift, The hygrometer, or inftrument
for meafuring the moifture of the air, is con-
{truoéted on this principle. An oat beard, when
the air isdry, istwifted up, and therefore thorter;
but when the air is moift, it is relaxed, or un-
twifted, by reafon of its attracting that moifture ;
and the length which it acquires in confequence
thereof, indicates the degree of the moifture of

the air, .
I 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. 1n 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 alfo diffolve a greater quantity
of afalt than it can retain when cold ; and hence
it cryftallizes. In like manner air, in a hot fum-
mer’s day, diflolves a large quantity of water,
which it depofits in the night, or when cold, in
the form of dew. Vegetable, animal, and moft
other {ubltances are alfo capable of being dif-
{olved by air. Thus, the fleth of a dead animal,
expofed to the air, will, in time, entirely difap-
pear. °

For thefe reafons, and alfo on account of the
fteams and exhalations which are continually
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
1t1s 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

o
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CHAPETER, V.
OF THE DIFFERENT KINDS OF AIR.

ILL within thefe few years paft, philofo-
L phers had no idea of any meore than one
kind of air, They confidered it as an element;
and whatever differences they found in air, in
differens circumitances, they imputed entirely
to the admixture of foreign matters, from which
the air was capable of being ebtained in the fame
pure ftate as before, They reafoned about air
then in the fame manner as we do now concgrn-
ing water. The induftry of philofophers how-
ever, has fet us right in thefe matters,

o
ll

OF COMMON AIR.

There are certain proceffes in chemiftry, which
the later writers on that art term pblogiffic. Thus,
combuftion, or the burning of bodies, is a phlo-
giftic procefs; fo likewife are refpiration, and
fome others. The theory of thefe proceflts
will be explained more at large in a future chap-
ter. The effect only, will be fufficient to illuf-
trate the fubjet in hand.

; If ;.qandjq be burnt, or an animal breathes,
1f a given quantity of air, it 13 well known that
the oce will foon be extinguifhed, and the ather
o . die.




48 CREMISTRY.

die. Thefe effects will happen fooner, accord-
ing as the quantity of air is lefs. The facts may
eafily be proved by putting the candle, and the
amimal, in glafs vefiels, of proper fizes, filled
with common air.

The effe¢t which thefe procefies have on air,
ts to diminifh 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 veflél, higher than it did at the

beginning of the procefs, and therefore the air
was diminifhed.

If ananimal 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
i candle. But when the diminution of air, by
. thefe procefies has proceeded to a certain degree,
| it cannot be carried any farther.

The caufe of this diminution is pblogifion ;

- which is imparted to the air by the candle, and

the animal, in thofe procefies. . The air attraéts

. the phlogifton by means of a fuperior affinity,
. as will hereafter be fhewn ; and on this principle

-

. combuftion, &c. depend. When air becomes

faturated with phlogifton, it is incapable of im-
bibing more. It can therefore be no farther
ey diminifhed ;
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" diminithed ; and is no longer fit for fupporting
animal life, or for other phlogiftic procefies.

From hence it appears, that with, refpet 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 dephlogifticated air'.

2!
OF PHLOGISTICATED AIR,

Air which has been injured by refpiration,
. combuftion, &c. in the manner already de=
| feribed, is thus called. If air be fully faturated
. with phlogifton by thofe procefles, it is faid to
' be compleatly nozious. A candle is mﬂ:antl;,r
 ‘extinguifhed, sand animals prefently die in this
air. But we fhall have occafion to fpeak of it
i further in the following article :
i
¥

1
-4 OF DEPHLOGISTICATED AIR.
It has long been known that nitre is capable
of maintaining the combuftion of inflammable

Jﬂi@dles, as well as air,

If lighted charcoal be plaﬂed in proper expo-
T fure to air, it will continue to burn_tll the whole
s reduced to afhes.

L If Hitre be mixed with charcoal, and the pow-
der, alrcady kindled, be put into a clofe vefiel,
! E the

_-,‘q
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1 the combuftion will be as compleat as if the
i charcoal had been expofed to the open air;
1 though without the affiltance of the nitre, the
v charcoal would prefently have been extinguithed
:f .in that confined fituation. Nitre, therefore,
| -has the fame effect in this procefs as air.

|

——

L The reafon of this was not known till lately. |
A 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 air.

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

Nitre 1s not the only fubftance from which

dephlogifticated air may be extradted. It may;

~ be obtained from many other bodies, merely by
heat..  But different fubftances yield it in diffe
rent proportions 3 and it is alfo more pure, when

obtained from fome bodies than from others.
-l
¥ 1 «  Aften
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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
frefh quantity may be procured. If more {piric |
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 pitrous; and from every earthy fub-
ftance on which that acid can a&, dephlogitti-
cated air may be obtained.

As this air is fo much purer than common
air, there is 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 in-
ftead of common air. It has already been pre-
feribed in thofe cafeg, with good effeét. In com-
buftion alfo, it may €mployed to advantage. If
a fire be blown witﬁ this air, the heat is pro-
digioufly more intenfe than when common air
is employed, :

Dephlogifticated air, beirig only a pure kind of
common air, it is plain that it only requires a pro-
per addition of phlogifton, to make it of the
fame goodnefs withth%uf the atmofphere. Comi-

g mon




52 CHEMISTRY.

mon air, in refpet to purity, is between phlo-
gifticated and dephlogifticated air, thefe three
kinds differing from one another only in being
more or lefs free from the phlogiftic principle.

As the atmofphere is conftantly expofed to
animal refpiration, combuftion, putrifaétion, and
a variety of other phlogiftic procefies, it muft
be continually receiving injury 5 and therefore
if there were no contrivance in nature for puri-
fying it, it would long before now have been
rendered unfit for thefe proceffes. Animals
could not live, nor could fires exift in it. But
Dr. Prieftlcy has difcovered, that air thus ren-
dered noxious, is purilied by vegetables growing
in it. And by profecuting that difcovery, he has

found that they perform that falutary effect by |
means of the fun’s light. 1f a plant grows in the |

thade, it rather adds phlogifton to the air ; but
if it be placed in the light of the fun, it at-
tracts phlogifton from the air, in a furprifing de-
gree, mending it out ‘of all proportion beyond

- - - 1'1
the injury it does tot in the fhade *,

Animals and® vegetables therefore, counter-
act each other’s effeéts in this parricelar; and
hence i1s difcovered to us an ufe of the vegetable
creation, which meer reafon could never have
led us to fufpect.
“ Dr.

# See alfo Dr. Ingenhaufe'’s treatife on this curious fubjeft.
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Dr. Pricftley alfo difcovered that phlogifticated
% air may be punﬁf:d by agita:mn with water.
~ Hence we perceive a very important ufe of
. winds; and of ftorms at fea. Philofophy daily
'.jr ' teaches us, that thofe natural effects which ap-
~ pear to us to be moft hurtful, are infticuted

creation.

4.
OF NITROUS AIR.

If fpirit of nitre b¢ 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-
frous air.

1f this air be mixed with common air, a con-
fiderable degree of heat fucceeds, together with
a turbid redne(s, and diminution of their bulk.
The latter circumftance has been happily ap-
plied by Dr. Pricftley to a very ufeful and im-
portant purpofe,

He found that the dimtmution 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
! HE 3 difcovering

~ for very important and ufeful purpofes in the ‘
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'difcovering the temperature of bodies ; they
are called eudiometers.

If common air be diminifhed as far as it is cap-
able of, or rendered perfectly noxious, nitrous
air has no effect on it; neither does it diminifh
any other kind of air, but common air not com-
pletcly phlogifticated,

Nitrops air confifts of nitrous acid, and phlo-
gifton, The air takes the latter ingredient from
the acid, and thereby becomes diminifhed, in

¢ the fame manner as when it is phlogifticated by
the procefles of combuftion and refpiration s
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 preferv-
ing fubftances kept in it from putrefaction ; but
it is tﬂ[dl]}" unfit for rel’puatmn, animals pre-
fently dying in it.

5.
PF INFLAMMABLE AIR.

: : If iron be difiolved in the vitrioljc or marine
i acids, an elaftic yapour arifes, which being

i mixed with common air, takes fire at the Aame
g of a candle, and therefore is called inflammable
| gir.,

This
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E This kind of air may alfo be produced by

putrefa&mn, and a variety of other methods ;

and is fometimes found ready formed. Thus,
" when coal mines take fire, it is owing to a
- guantity of inflammable air exhaled from the
 mineral fubftances, and mixing with the com-
~ mon air in the mine. It is unfit for refpiration,

&ec.
. 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. Let the
~ tube pafs through the mouth of this inverted
. vial : apply the flame of a candle to the vial
.~ containing the alcali, the vapour will pafs
. through rhe tube into the inverted vial, and be
- collected in its upper part; driving the quick-
- filver downwards, in proportion as it accue
~ mulates. The vapour however, will not con-
. denfe into. a liquid, but remain in an elaftic
- flate, like common air.

J g Quickfilver
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Quickfilver has no action 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
thereof, the quickfilver rifes in the vial, and
nothing is to be feen but quickfilver and water.
The water thus impregnated becomes fpirit of |
fal ammoniac. : ‘

=
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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; f{o that the latter preparation
is nothing but water impregnated with alaline
awr.

j g T _' ! Other particu_lars of this air may be colletted -
o e . from the following articles. |

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

| 7 OF MARINE ACID AIR,

s ~ The acid of fpirit of falt may be obtained
~ v feparate from the water, in the form of air, in

the fame manner as was fhewn with regard tq

the volatile alcali, and by the fame means. It

15 alfo as reaﬁilyighfurht:d h}' water,

But it is remarkable, that the marine acid in
the form of air, is much ftienger than in its ufual
i - N ftate
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g e
OF SULPHUREOUS AIR.

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

of air will arife, which may be called fulpbureous
air.

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

10.
OF FIXED AIR, or a¢rial Acip,
If lemon-juice be added to falt of wormwood,
it is well known that an effervelcence happens,

by reafon that there is extricated from the falc
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 attrafted 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 firflt in which this property was difcovered,
the appellation was applied to it; and has been,

continued
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fidered by chemifts ; whereas now, it appears to
be an important principle of bodies.

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 united into that
firm fubftance ; for when deprived of that prin-
ciple, it crumbles into duit.

When we firft {ee hartthorn diftilled, we are
aflonifhed 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 it mild, and no
longer foluble in the water.

Water imbibes this air ; and thereby becomes
artificial Pyrmont 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 before.

~ Fixed air has been fuccefsfuily applied to
medical purpofes as an antifceptic; and in fome
~ other intentions. For tho' 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 acts on alcalis as an acid of the
weakeft kind, and thence is juftly called by the
ingenious Mr. Bewly, and Profeflor Bergman,
an acid. Hence mild alcalis may be confidered
as a kind of neutral falts,

For many other curious particulars, refpeét-
ing the different kinds of air, the reader is re-
ferred to Dr. Prieftley’s juftly admired publi-
cations on thefe fubjeéts®. To that philofo-
pher the world is indebted for almoft the whole
of what is known concerning them.

Thefe are the principal fubftances, 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

; are

* The abbe Fontana affirms that vegetable acids, without
exception, are refolvable into fixed air; and thence concludes
that fixed air conftitutes the very effence of thofe acids.
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are water converted into an elaftic fluid, which
may therefore be called agueous air. Bur this,
when the heat fufficiently abates, lofes its
elaftic ftate, and returns into the form of water.
The like may be obferved of fpirit of wine,
oil, quickfilver, &c. In the Introduction, it
was obferved, that bodies may exift in three
different ftates; a folid, Auid, 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 {ufficient for the formation
of common air. Water requires a greater heat
for that purpofe than the ufual temperature of
the atmofphere ; and earths cannot be made fo
by the moft violent of our fires. i
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€. Hek PXTVERINEL

OF PHLOGISTON, AND ITS COMEBINATIONS.

Y VHIS principle feems to be of fo fubtle a

nature that it cannot, like water, be ob-
tained in a feparate coherent form ; nor like air,
be confined in a veflel,

But tho’ we cannot obtain phlogifton in afepa-
-rate ftate, yet we can transfer it from one body
to another, which is fufficient for chemical pur-
pofes. 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-

trated ; and which will thereby be formed into
lead.

Thus again, phofphorous is a combination
of phlogifton with the phofphoric acid, But if
the phofphorus be expofed to the air, its phlo-
gifton will leave the acid, and combine with the
air by which it is more ftrongly attradted; and
the new combination is pblogifticated air.

The fufibility of bodies is promoted by their
combination with this principle. Thus, minium
1s very difficult of fufion; but lead melts with

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

I {hall

s e AT
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I {hall have occafion to {peak of this principle

in future; and at prefent fhall only confider
thofe bodies of which it forms a conftituent part.

j

OF METALS.

Metals are divided into perfeft, imperfed,
and femi-metals. ‘The perfect metals are gold,
filver, and platina. They are fo termed becaufe
they remain unaltered in the fire. The only
effect that the heat of our furnaces has on them
1s to render them fluid: when the heat is re-
muoved they return to their folid ftate wichout
having fuffered any change either in their pro-
perties or weight.

“The imperfect metals are copper, iron, lead,
tin, and quickfilver. They differ from the per- _
fect metals 1n being calcinable by heat; or of
being changed thereby from metals, into mere
calces, or earths.

T he {femi-metals are zinc, reculus of antimony,
nickel, &c.

In the calmnanan of metals, one of the ingre-

# | dients, the pbiwy’?m:, is taken from them by the

-air; in lieu of which, they nfually atrract fixed

| air, or fome other, from the atmofphere ; and

' hence the calx is found to be heavier than the
metal before calcination.

Metals
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~ Merals 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 moit
- ponderous of all known bodies.

Thephlogifton of all metals is exactly thefame J
-and therefore the difference in them is owing en-'
tirely to the nature of their calces: Thofe dif- |

~ GoLD, i
- Forms a metal whofe fpecific gravity is nine-|
teen 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
ts fpecific gravity, perfeétnefs, and folubility
aqua regia, but differs from it, in being infu-
fible by the fires of our furnaces 3 whereas gold
B fufible, With the calx of

F SILVER,
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SILVER,

It forms a metal, which, like gold, is inde-
{tructible by the heat of our fires, but has much

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,

A metal is formed by it, fufible in a moderate
hear, and not difficultly calcinable. Itis the
fofteft of all metals, and alfo the heavieft, except-

‘ing gold, platina, and quickfilver. With calx

of

IRON,
It forms a metal capable of being attracted

2 s s ——

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 om
. being bent. 'With calx of

MERCURY,,
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| vitriolic acid, be fufed with charcoal, the acid
. of the former and the phlogifton of the latter,
will unite and form fulphur.

This fubftance eafily melts. It is neither fo-
luble in acids, water, nor {pirit of wine; but
may be united with oils, and {fome of the me-
tals; and alfo with alcaline falts and quicklime,
forming hepar [ulphuris.

It is kindled with lefs heat than almoft any
other inflammable {ubftance ; burns with a blue
flame, and fuffocating fmell. In this procefs
its phlogifton is attracted by the air, leaving
the acid behind in the form of vapour; and
which is the caufe of the fmell juft men--
tioned. This again fhews that phlogifton and
the vitriolic acid are the principles of which it
is compofed.

The proportion of acid to that of the phlo-
gifton in this compound is faid to be {o grear,
that an ounce of fulphur contains above feven
drachms of vitriolic acid, feveral times ftronger
than the beft oil of vitriol that we can procure.
This may appear furprifing, when it is confi-
dered that fulphur is infipid to the tafte, whereas
the vitriolic acid is one of the moft cauftic fub-
ftances in nature. The reafon of this will be
fhewn in a future chapter.

2. PHOS=-




2.
PHOSFHORUS.

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 fulpbur,

- Its principles feem to be lefs ftrongly united]!
. than thofe of brimftone; for the latter fub-
- ftance requires to be heated in order to make it

- inflame ; but phofphorus parts with its phlo-
. gifton to air, without the affiftance of heat; and
hence it is that it kindles on being expofed to
the air.

After combuftion, its acid remains behind in
- a folid ftate ; in which refpect likewife it differ§
- from brimftone. A fmell of garlic is perceived
~ while it is burning. |

- Nitrous air may alfo be confidered as a #i-
frous fulphbur.

3.

[ OF COAL. .
By coal is 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 phlogiftony with animal or vegetable
B3 earth,

-
+
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earth. If it be deprived of the former ingre-
dient by combuftion, the earth remains behind,

Coal alfo contains a great quantity of air in a
fixed ftate.

4.
OF OILS.
Oil, fimply confidered, is probably a combi-
nation of phlogifton, with an acid, earth, and
watcr,

Qils are mﬂammable:, and burn with a foot,
lﬂawncr alfo a coaly ‘matter behind, unlefs it be
carried off in the vapour. They are not ufuallg

* mifcible in wa.l:er, but either {wim above it, or

fink to the botrom, according to their ipemﬁc:

gravity. The {fubftances with which they are

waccidentally combined make a confiderable va-
riety in them. And, as their properties are dif-

ferent, we thall, as in the cale of earths, cnnﬁ.d.c;-
them as dl[’un& fubftances,

I.- 4 . wk .

 EXPRESSED VEGETABLE OILS,
As oils of almonds, ﬂlwts, &c. When pur'ﬁi;
they have neither tafte nor fmell, and are foft:

and bland ; they nclthfsr ‘mix with water, nar
fpirlt of wine. |
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being foluble in fpirit of wine, not in water 3 and
in {everal other properties,

4.
ANIMAL FATS,

" Their properties are very fimilar to thofe of
exprefled vegetable oils. They differ from them

chicfly in being uinally in a folid fhate; 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 ; foflil 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.

5.
VINQUS SPIRIT.

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

It mixes with watér. It diffolves efiential,
but not exprefled oils 3 refins are alfo diffolved
by it, |

: &

It
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I 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 wvolatile 3
and, excepting ®ther, is one of the lighteft of

liquids,
6.
(A ETHER,

I It is produced by diftilling pure vinous fpirit
with a concentrated acid.

16 It is the lighteft of all known liquids. It :
neither unites with vinous {pirit, 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 compofition
of all bodies, though in lefs proportion, or elfe
in a lefs obvious manner than in thofe fpeci-
fied. But thefe are fufficient to fhew the great
importance of this principle, and in fome mea-
fure its nature. For it is abfolutely neceflary
to the formation of inflammable matters; and
pf courfe to vegetable, animal, and other bo-

dies,

T R ST
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L1

¢ AP FYE ROVILL

OF FIRE.

" JNIRE is that fubtile principle which
F caufeth heat. As heat is the moft obvious
effet of fire, I thall firft difcourfe of it.

S
N PR

If the heat or warmth of any fubftance be
greater than that of the part of an animal body
to which it is applied, it caufeth the {enfation
of heat in that part; if contrariwife, cold ; but
if the heats be equal, neither of thefe fenfations
are cauled. 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
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and a graduated {cale 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 allb called
1ts temperature.

The moft general effect 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 into fo great a bulk, that the
bladder will be compleatly diftended. If {pirit
ef wine be put into a long flender tube, and then
made hot, it will very confiderably expand;
and if a rod of iron, which can jult enter a ring
when cold; be made red hot, it cannot then
enter that ring, by reafon that it is expanded in
bulk by heat.. All bodies therefore are ex-
panded by heat; and the only difference is, that
fome are more expanded than others, for reafons
which will appear in the fequel.

On

# Belides, though they do not appear hot to the fenfe, are in
reality very confiderably fo. Itghas been found, for example, that
they are capable of being cooled above 200 degrees below the
ufnal heat of the hand. If therefore the ufual heat of the hand
were at that point, and a body which dees not now feel warm
were applied to it, the heat would be equal to that which is now
Felt-on puttmg the hand into hmlmg water. A very confider-
able quantity of fire therefore is contzined in bodics, when at
thie common temperature of the atmofphere.
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On this principle the thermometer is 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
is in 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
thermometer, isfolid ; and it is folid in all de-
grees 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. Zinc does not become
1 Lo

P
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fluid, but with an heat greater than that whick
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 a very intenfe heat; and the
ftrongeft of our fires cannot turn it into vapour;
and fume 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 moit intenfe cold
that we have yet been able to produce. Yer 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 between -
bodies in this refpect is, that ne two of them
have their folid, fluid, and elaitic points at the

fame degrees of heat.

When bodies which differ in thefe refpects are
mixed together, they may therefore be {eparated:
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
occalion. 2

®

Fire has a tendency to diffufe itfelf over all
bodies, till they are of an equal degree of heat
or warmth 3 and this equality of heat is called
the
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the common temperature. ‘Thus, if a red 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 oil 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 certain degree of heat, and another pound in
a fimilar veffel in the fame heat, the heats which

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

But if in one of the veiitls be a pound of
Wwater, and in the other a pound of linfeed oil,
the




8o CHEMIBTR Y.

the o1l will acquire a greater degree of heat, in

a given time, than the water; and the like dif-
B 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.

"
S ——— R

Half the fire contained in the hot water there-
fore, heated the oill 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 o1l heated the water lefs than

— —

{ ey it cooled the oil, and of courfe the heat after

it mixture was ‘lefs than the mean. And, asin the .

¥ cafes of expanfion, &c. fo in this, there are per-
i ; haps no two {ubftances exaltly alike in this
L E";‘ 2 relpect.

Nk :':.-':..','.I'

' 1| '  Different bodies therefore have different

4. -; ) powers, or capacities for containing fire; and
e, ] hence when they are at a common temperature,

g or equally hot to the fenfe and the thermo-

o -meter, the proportions of that principle which

7 ) they contain, are unequal. The capacity of
- linfeed oil, for example, is lefs than that of

B | water ; and therefore when equally hot to the

& fenfe, and the thermometer, contains lefs fire.
f An equal proportion of that principle added to,
l or fubtraéted from, the water and the oil, ought

n
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in courle to affect cthe temperature of the lattﬂl‘;
more than the former.

The ingenious Dr. Irvine (to whom, in con-
_]unrfl:mn w:ch the celebrated Dr. Black, we are
indebted for this doétrine) 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
- iton an equal weight of the other while cold,
 having previoufly noticed the difference of their
i.l»t:mpcratures 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,
'whr.-n 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
o0 ixing water with linfeed oil ; the capacmt:-; of
hich are to one another very nearly in the
‘proportion of 2 to 1. To thefe experiments
however, it is peceffary that the fubftances
- ould have no chemical action on each other
| that is, they thould produce neither heat nor
L cold, when mixed together at like temperatures.

" Not only different bod:es have different ca-
5. pacities, but even that of the fame body is va-

G riable,
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riable, according to the ftate which it happens
to be in. When water freezes, its capacity be-
comes Jefs than it was during the fluid ftate ; and |
on the contrary greater, 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 is evident that its temperature will |
be affefted 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 ge-
nerated 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 is mixed with oil of wvitriol, ai
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 temperature of the mixture t
be higher.

On the contrary, when fnow is mixed wit
{pirit of nitre, the capacity of the folution be-
comes greater than the fum of the capacities 0

- the ingredients before mixture. The quanti

of fire which they contained becoming now ¢
lieel
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~ 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-
poled 'to be fuddenly reftored, the capacity will
be lefftned. 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 tﬂmpf:ra-
ture between them again nbtams.

“+The -{fame quanmy- of phlmgnﬂun combined
with different bodies, affefts their capacities in
different proportions. Thus, if the phlogifton
of il 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

combutftion 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 diminifhed, fo is likewife the elaf-
ticity.. If therefore air were fufficiently deprived
of hear, its particles would probably ‘become
coherent, like thofe of water, and other fub-

The
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| The effe@ of fire on the particles ‘of ‘bodies
 therefore, is to give them a repulfive power:
% Thus, if ‘two or more particles be 'in contact,
- cohering with each other, and heat ' be.ap-
- plied, 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 fpheres of
~ cohefion will refift the action of heat more, as
their attralive or cohering forces are ftronger,
But when the heat becomes {o 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 attraction. This is the reafon that particles

 are feparated from each other, or velatilized by
heat. See alfo what was faid of the three ftates of
bodies in the former part of this chapter*. But

G 3 independently

* T once formed a fuppofition that the particles of bodies had
- two fpheres of attraftion or cohefion, one within the other : the
- innerand ftronger one, I called the falid cohering force ; the outer
> and weaker, the fluid; that while the particles were mutually
- within the former, the body which they compofed was folid, or
- hard; and that when they were forced into the latter, it became
~ fluid; that from the fhufture or denfity of thefe {pheres,
- the capacity of the body was neceffarily lefs when the particles
- «were mutually within the folid fpheres, than when forced into
~ their fluid ones, and leaft of all when rendered elaftic. That the
diameters of thefe fpheres, in different kinds of particles, might
lie in different proportions to each other, as might alfa their forces,
.and the ratios of thefe forces. By varying thefe fuppofitions, many
~ of the phenomena relating’ to thefe fubjets feemed to Le pn:ui:
- naturally accounted for.” But this is a mere hypothefis.

o
k
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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 differendy expanded by equal degrees
of heat, though the particles in this cale are
without the fpheres of their cohering forces.

The ufes and effects of 'ﬁ'rle, or heat, in che-
mical operations, will be confidered in the next
{ection. '

SECTION
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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 alcali at
the bottom. :

- A greater heat however will be required than
if the water had been diftilled alone, becaule
the water is 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 attra&mn

Yuu wjll find, b}r thf: 3d chapter of the forme::
fection, that green vitriol is a compound of vi-
triolic acid jand iron, But a proper degree of
heat forces over the acid (together with fome
water which the witriol allo contains) in a;he
farm of fpirit;of vitriol, the, iron rﬁmalmng in
the form of colcothar behind.

Hartfhorn is a combination of animal earth,
volatile alcali, oil, water, fixed air, &¢. Heat
forces over all the volatile ingredients, leavmg
the earth behmd

So gumaﬂum wnﬂd is @ cc:-mbmatmn nf ve-
getable earth, falt, acid, water, air, and oil. By
the application of a fufficignt degree of heat,
the latter ingredients being vnianlc, are fepa-
rated in vapours ; the earth with the fixed alca-

line falt remaining bchmd ‘The like may be
| v obferved
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obferved of other animal and vegétable, and of
many of the mineral fubftances alfo. -

~ In cafes however where the attraction of the
ingredients is very ftrong,. this decompofition
cannot be effe¢ted by our fires. For example,
vitriolated tartar is 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 our furnaces, by reafon that
it is fo 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 alfo the wvolatile 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 itfelf in- va-
pour. Ironis, in like manner, volatilized by
fal ammoniac. rdilsdon

If fubftances of different volatility be mixed
together, and have but little or no attraction for
each other, the moft volatile may be drivén over
in diftillation ; leaving the other, or others, be-
hind ;. provided only fuch a degree of heat be
applied, as is juft fufficient to raile the former
in vapors, but not the lacter. Thus, if water
pnd {pirit of wine be mixed together, both which

are
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are volatile, the fpirit will rife firft, the water
not till the heat becomes greater.  In like man-
ner, water may be raifed from fpmt 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 prnceﬂ"ts in chemical
books.- - -

But in cafes where the principles ftrongly at-
tract each other, they will not be {eparated, but
both rife together in their combined ftate,
Thus, the marine acid; and volatile alcali, are -
both volatile ; but the latr.er more fo than t.hc
former. Yet heat does not ﬂ:parat& 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 happf:ns in many other
mﬂancm

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
o1l 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
fileration, or other mechanical methods contrived

for
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miftry depends on the doétrine of men-
ftrua. The extracting of tinctures, decoctions
and mfuﬁnns depr:nd on this prm::]plc

2 In nrder to Eﬁ'ﬁﬂ: folution, one of the fub-

ﬁanccs at leaft muft be fAuid. The Auid fub-
ftance is called the folvent or menftraum, ~ =

< There are fome bodies which diffolve intirely.
in certain menftrua. Thus fugar wholly dif:
folves in water; camphire is totally diffolved
by {pirit of wine; wax diffolves intirely in oil ;
and quickfilver in fpirit of nitre. In many in-
ftances, thefe folutions may be made in the ufual
temperature of the atmofphere.  Others require
heat to diffolve them; but in all thefe cafes,
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 fpokenof. Thus fpirit of wine difiolves
camphire, becaufe there is a mutual attration

between the particles of thefe ingredients. But
camphire is not diffolvable by water, for want
of
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and gummy parts. If the fubftance contains
no. other than thefe (as is the cafe with aloes,
affafcetida, &c.) it will be totally diffolved. But
it it alfo contains earthy, or other matters, not

foluble in thofe menftrua, thofe parts will re-
main behind. |

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 fucceffively, becaufe they then
weaken each other’s attractive or folvent virtues.
Thus, water and {pirit of wine will not diffolve
aloes, affafcetida, &c. The tincture, however,
which is extracted 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 feparately, be mixed to-
gether, they will not incorporate into a clear
tincture ; but becawfe the forces of the men-
flrua 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-
firua, and in fome cafes gives that power where
it did not before appear. Hence many fpirituous

tinctures
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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 mrcr-by the vinous {pi-
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 decoctions and tinctures, the more fixed
parts of the fubftance are alfo retained by the

menitruum; in diftillation, only the volatile
parts.

Any other fluid that aés on, and diffolves
the whole, or any part of a {ubftance, may
alfo be confidered as a menftruum. Thus, oils
are menftrua to many fubftances which water
‘and {pirit of wine will not touch. Acids are
:menitrua to metals, earths, &c, Air is a men-
Atruum 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 alt more powerfully than in
‘a fluid form. Thus, fpirit of falt and {pirit of
~wine will not form ether, unlefs 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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CEHR R TE R,

OF EXTRACTS.

HE doctrine of extraéts, according to the

ftrict -fenfe of the word, depends on the

two preceding heads of volarilization and men-
ftrua.

1 Extratts may be divided into {pirituous, wa-
. : tery, &c. according to the nature of the men-
ftruum employed, and of the extract to be made.

A refinous extract is drawn by means of
vinous {pirit; for example, if I would extract the
refinous part of aloes, bark, or any other fub-
ftance, 1 bruife the ingredient and infufe it in
rectified fpirit, 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 is more volatile than the refin, it may
y ] . be raifed from it by evaporation, or by diftil-

| :
l

i

|

lation, as may be underftood from what was de-
livered in the gth chapter; the refin remaining {§
at the bottom. '

I

If I would extrat the faline or gummy mat-§
ter from a fubftance, I boil or infufe it In w
ter, and afterwards diftil or evaporate the wate
by a proper degree of heat; theextratt, bein
lefs vglatile, remaining behind.
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As {pitit of wine evaporates with lefs heat
than watér, extracts made by the former contain
moré of the volatile pdtts of the fubftance; than
thofe made by the latték.  For though you may
obfkrve, that in an excract or refin only the moré
fixéd parts of the fubftance can be retamned, thé
volatile ones flying off in evaporatiod ; yet the
more of thofe volatile parts that can be retained,
the more of the virtue of the fubftance will the
medicing contain. Hence the {lower the evapo:
ration proeeeds, the better will the extraét 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
' tinCure is directed to be drawn from bark with
| fpirit of wine, in order to extraét the refin, and
" the bark to be afterwards boiled in water, to get
. out the other principles. Thefe tinctures, or
. rather the extracts made from them when nearly
|

—

—

F reduced, are then directed to be mixed together;
E fuch ah extract therefore contains both the re-
- finous and faline-mucilaginous principles ; or,
r in other words, the whole virtue of the bark,

. By proper management an extra® fimilar to
. the above may be drawn with waten alone.
. Thus, a fmall quantity of water is added to
. @plum, only fufficient to make it into a pulp; the
§ M 2 gummy
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gummy and faline parts are hereby fufficiently

| diffolved. At the fame time the refin is melted

T t 3 by the heat, and as the mixture is thick, does
{
i
|

N e

not {eparate, but is entangled by and blended
with the other parts, fo as to pafs the ftrainer
together. A due degree of heat afterwards re-
duces it to its proper confiftence.

i S

g Any liquid fubftance, vegetable juice, &c.
T "
5 . - properly evaporated, may alfo be called an ex-

| hiay tract. Thus the juice of elder-berries evapo-

: g rated, called rob of elder, is an extract. Sugar

i U8 of lead, extraéted from cerufe, or litharge by vi-
if l‘ negar, and then evaporated, is an extraét; and
% _ fo of others. -
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oily matter, occafions the difagreeable {mell a,
rifing fromd Putrifying {ubftances,

Animal fubftanees ean only pafs through the
latter ftage, and therefore have probably already
undergone the former,

* A quantity of fixed air efcapes from the fer-
menting fubftances during their firft ftagesy
but in putrefaction, inflammable air allo arifeth.
In all fermentations therefore, not only new ar-
ggrigcments of the particles take place, but parg
of them are feparated, and fly off.

SECTION
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When the bodies are of different fpecific gra-
vity, they remain mixed from friction; and the
attraction of the particles. of the one in the
largeft quantity, to one another.

- But in chemical combination, the fubftances
unite by an'atrraction which takes place between -
themfelves, 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
mechanically as one fimple fubftance.

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

No mechanical power can feparate the fub-
{tances fo combined.

A compound may become an element. Thus,
vitriolic acid and phlogifton form {ulphur. But
{ulphur with fixed alcali, forms hepar fulphuris;
{o 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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CHEMISTRY. 107

the lapis fepticus, or potential cautery, is the
pure fixed vegetable alcali. If this alcali be
added to the fpirit of vitriol, it will artract the
acid from the water, or in other words, the par-
ticles of the acid, being more powerfully attraét-
ed by the particles of the alcali than by thofe of
the water, will quit the latter to combine with
the former. If only _}uﬂ: as much alcali be added
as is fufficient to faturate the acid, the mixture
will contain nothing but vitriolated tarcar, and
water 3 the water may be evaporated by heat, and
the neutral fale will remain behind; or if it be
required in cryftals, the evaporation may be only
carried on 1n part, and then the mixture fet in a
cool place, for the cryftals to fhoot, as directed
in books of practical chemiftry.

When thefe ingredients are mixed in fuch
proportions as perfeétly to faturate each other,
the acid will bave loft its four tafte, and the
alcali its acrid one. This mutual lofs of talte,
is a very remarkable circumftance. Oil of vitriol
is 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 almofk
as great. Both of them pain and burn the fleth
in a manner almoft fimilar to fire. Yer 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

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 aicali, its tafte is weaker, becaule it attraéts
that {ubftance more powerfully than it does wa-
ter, orexhaufts on it more of its actraéting force.
If it be combined with fixed alcali, as above, the
tafte is ftill lefs; and if with phlogifton, as.in
Aulphur, its tafte 1s entirely loft: - Its attraction
to phlogifton 1s fo ftrong, thaticfeems to exert
its whole attraétive power on.it, and therefore
withits lofs of attraction, lofes its tafte ; for rafte
being caufed by the attraction between the tongue
and the fubftance applied to it, if the {ubftance
has no attractive force remaining, it can have no
tafte. :

So again, the cauftic fixed alcali has a very
powerful tafte.  When itis combined with fixed
air, as in the mild vegetable alcali, the tafte is lefs:
When with the muriatic acid, asin common falg,
it is ftill weaker, and when wich vitriolic acid,
as above, leaft of all; its ta{’cc-heing lefs, as the
force of its attraction is more exhaulted. This
rule may be applied to other acids, alcalis, and
earths. There are, however, fome exceptiens
to it, which yet perhaps may depend on other
caufes. Thus, nitre has a ftronger rafte than
foluble tartar, and tart. vitriolat. than felenitis,
though the attractions of their refpective ingre-
dients are the reverfe; as may be feen by thetable.

Vitriolated

I
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CHEMISTRY. 109

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 extraéted from the mixture by chemical

art. Forexample,

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
fame 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 1s a combinarion of vitriolic acid

with iron. If cauftic fixed alcali be added to this

compound, the acid quits the iron to unite wich

 thealcali, by which it is more powerfully attract-

ed ; 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 feparated
from the water in the manner already defcribed.
The like may be obferved of the other vitrials.
of alum, and of Epfom falt.

But
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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 fromregenerated
tartar, by adding to them the vitriolic acid, with
this only difference, that {pirit of falt and vege-
table acid are refpectively obtained inftead of
ipirit of nitre.

What has been faid of vitriolated tartar may

be applied in great meafure to nitre and {ea
falt.

Thus, by mixing fpirit of nitre with pure
vegetable alcali, nitre may be obtained in like
manner as tart. vitriol. was from the {ame alcali
and {pirit of vitriol. If nitrous acid be combined
with fome other fubftance, to which it has a
weaker attraction 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 is lefs ftrongly attraéted than by the
nitrous acid, nitre may be made by adding the
nitrous acid, as vitriolated tartar was made by

adding fpirit of vitriol to nitre, fal digeftivus,
or regenerated tartar,

So fea falt may be formed by adding fpirie
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-
C'Llrji'.

So likewife regenerated tartar 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 vitriolated
tartar.  Yer, to render the doétrine of chemical
compeofition ftill more clear, I fhall give another
inftance in fal ammoniac.

If fpirit of falt (which is a combination of
marine acid with water) be mixed with {p. fal.
ammoniac, cum calce (which is the cauftic vola-
tile alcali, alfo combined with water) to the point
of faturation, the mixture will be comimon fal
ammoniac, and water: The water may be f{epa-
rated from the falt by evaporation, or cryftalli-
zation, as thewn before ; or the falt may be fub-
. limed into a cake, like the fal ammoniac of the
fhops. For the ingredients being both volatile,
i1 and ftrongly attrating each other, they will rife
in vapour in their combined form, as hath
already been fhewn*.

_____

_ In this cafe the volatile alcali entirely lofeth
SRy its very powerful fmell, its particles being at-
| _ | . ‘tratted

~ ® A mixture of alcaline, with marine acid air, forms this &ls,
as wag fhewn in a former chapter.
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tracted, 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 alealiin ftrength,
for reafons already given.

If the mild volatile alcali be ufed, the fixed
air will be expelled, and fly off (hence the violent
eHervefcence;) and therefore the mixture will
be {al ammoniac and water, as when the cauftic
‘alcali was ufed.

If the acid be combined with andther fub-
ftance to which it has a weaker attraction 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
aleali, the acid will leave the mercury, and
form fal ammoniac with the falt. The mercury

F,:hu:a difengaged, will fall to the bottom in the
form of a powder, and the fal ammoniac may

l ' be obtained from the clear water in the manney
I ‘already defcribed.

Alfo if the volatile alcali be combined with a
‘ fubftance to which it has a lefs affinity than to
chﬂ marine acid, the alcahwdlqmt that fubftance,
- and form fal ammoniac with the acid. Thus,

{piritus Mindereri is this alcali combined with
-,"'the vegetable acid. But fpirit of falt being added,
- the alcali will leave the vegetable, ro form fal
- ammoniac with the marine acid, The falc may
' 1 be
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114 CHEMISTRY.

be feparated irom the liquor by cryltallizatior,
or by other means. |

- Thefe inftances will be fufficient to give you
an 1dea 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 {tronger attraction than to that with which it
is already combined. The table of affinities
affords a variety of fuch inftances.

Let it be required, for example, to decompofe
fal ammoniac, {o as to obtain its volatile alcali.
By examining the table, I 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 attrattion 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 fmell of volatile:
alcali is perceived : and as the alcali is volatile,,

the falt fixed, we have only to put the mixture:

into a retort, and a due degree of heat will force:
over the alcali, leaving the fea-falt behind.

{35
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It may be obferved, that if the cauftic foffil
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 thar here again is a double affinity,
a double decompolition, and two new combi-
nations ¥,

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

To decompofe {al 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 falg
by diftillation, as being more volatile.

This may alfo be done by ufing the nitrous -

acid.  Bur prattitioners prefer the vitriolic, be-
I 2 caufe

" T]'“‘: mild alcali may alfo be compofed dire@ly, by mixing
fixed, with alcaline air, See the chapter on different kinds of air.
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caufe part of thé nitrous is apt to pafs over witls
the marine in diftillation ; {o that inftead of the
pure fpirit of falt, you have aqua regia, or &
compound of the fpirits of nitre and of falt.

Subftances containing the vitriolic acid may
likewifé be ufed, and the nitrous and vegetable
{al ammoniacs may be decompofed by methods
fimilar to thofe above deferibed.

Thefe inftances will be fufficient to give an
idea of chemical combination and decompo-
fition, and enable you to underftand not only
the other inftances in the table, but alfo the rea-
fon of many procefles which you meet with i
difpenfatories, and books of practical chemiftry. -
But thefe points will be further elucidated by
what follows to the end of this chaprer.

In the fourth chapter, I gave a fynopfis
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 general the manner in which thefe

falts are obtainable from their refpective princi-
ples. The like may be obferved of the metallie
and earthy falts in the fame chapter.

Thefe falts may likewife be decompofed on the
fame principle as hath been fhewn of fal ammo-
niac.

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

Green vitriol is a combination of the vitriolic
acid with iron. But if you add iron to oil of
vitriol, this falt cannot be made. For in order

to the folution of the iron, the oil of vitriol mufk

be previoufly diluted with water.

Carrofive fublimate is a compound of marine
acid with 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 fale

are employed. The acid of the vitriol difen-

gages that of the falt, which rifing in vapours,
meets with the mercury, alfo raifed in vapours,
for which purpofe it had been previoufly difiolved
in the nitrous acid, in order that it might be re-
duced into its {malleft particles.

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 aft on the nitre

52 {o
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fo as to difengage its acid. Without this cir-
cumftance no nitrous acid is obtained.

But further to illuftrate this fubjeét, I will
run through the whole of one of the columns
for falts, together with certain other proceffes,
Prﬂpe:_f' f'm_' our purpofe, noting the circumftances
requifite to be obferved towards forming the
.f,c‘?a],-dgtampnﬂtiuna and combinations.

P

Nl |

irit 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 rmcrhl: eafily be feparated by the methods

~ already defcrlbed If to this folution you add

platf:s of jron, the acid will leave the copper and
unite with the iron. As the latter diffolves, and
the former 1s let go_b}r 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 i 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
2 folution of white vitriol in water. Add valatile
alcalj
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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 ammoniac
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 falc 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 is added to make the vitriolated tartar melt,
which it 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 1s now common fulphur, fixed
. alcali, and vegetable earth, that is, it is an im-
" pure liver of fulphur. Diflolve the mafs in water,
the earth will fubfide, and the clear liquid will
- be a{olution 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 either of thefe, the
alcali will quit the fulphur to unite with the
o Pt . acid,
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acid, and the fulphur will fall in a powder ta
the bottom, which you may feparate from the
liquid, and meltinto a roll, And thus will you
have had fucceflively fpirit of vitriol, blue vitriol,
green vitriol, white vitriol, vitriolic fal amme-
niac, vitriolated tartar, and fulphur, each of
which might have been eafily obtained in their
ufual forms. '

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

To decompofe this compound fo as to ebtain
the mercury, look in the column for fulphur,
and you will find, above mercury, fixed alkali,
But as that forms an hepar fulphuris with the
other ingredient, there is a difficulty in obrain-
ing the mercury to advantage. ‘The other ingre-
dients have alfo their inconveniences, and, chere-.
fore, iron js ufed. By mixing iron-filings wich
the cinnabar, and diftilling them in a retort, the
fulphur is attracted by the iron from the mercury,
which rifes pure into the receiver, (filled with

water
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water to condenfe the fumes,) the fulphur and
“iron remaiping behind,

Sulphur and fixed alcali form liver of ful-
phur, This, however; they do not do by mere
mixture ; they are to be placed on the fire fo as
juft to mele 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 attraé the alcali from ir,
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
yolatile alcali, which forms fpirit 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 {uppofe to be as ftrong
as poffible, 1f thefe are mixed, the fpirit of
wine will attract the water from the fale, which
will therefore be inftantly reftored to its folid
ftate, forming that beautiful experiment of Van
Helmont of the offa alba.

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

%_._ e — e W
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find that the wvolatile 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 former from the latter, which, with the wa-
ter, may be diftilled over in the form of cauftic
volatile alcali; the fixed alcali, now rendered
mild, remaining behind.

If to this alcali, diffolved in water, you add
the cauftic magnefia, the latter will attract the
fixed air from the former, and the mild magne-
fia and cauftic fixed alcali may be obtained fe-
parate by filtration, &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 attract or ab-
forb. And they will do the fame in time if ex-
pofed to common air, becaule there are always
many particles of fixable air floating in the at-
ﬁ'ﬂ:rfphere, which thefe fubftances imbibe. Hence

if
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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 by reafon of
its combination with fixed air. And if fixable
air be mixed with lime-water, the lime, which
before rémained diffolved, will be precipitated
in form of a white powder, for the fame reafon.
Hence itis that lime-water 1s a telt of the prefence
of fixed air, as mentioned in a former chapter.
Thefe procefles contain {uch 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 fubject.

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

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

If an acid be applied to a metal which it can
diffiolve, the calx, having a greater affinity to
the acid than to the phlogifton, quits the latter
to unite with the former. The phlogifton at-
taches itfelf to the vapour and air which arife on
thefe occafions, and with them fly off.

Metallic
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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 ether fubftances
befides a real metal, the precipitate will not be
a metal, but acalx. Thus if copper be diffolved
in v.:-imllc acid, the folution only contains the
calx of the copper, the phlogifton having efcaped.
If calx of iron, fixed alcali, or the like be added,
the aeid 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 adgied in their metallic ftate, or as they are .
cnmbmed with phlogifton, a double affinity takes
place The calx of the added metal unites with
‘the acid, and its phlogifton with the precipitated
«calx; fo that the powder at the bottom is now
not calx of copper, but copper itfelf. And
this is 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 fufed with the
charcoal, the calx will attract away its phlogifton
and be formed by it into a metal. This metal
is zinc. If the phofphoric acid be added to this

metal,
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mertal, and they be diftilled 1n 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 quench the vapours) the calx remaining
behind. This compound is the famous fubftance

~ known by its property of thining in the dark,

and burning in the ordinary heat of the atmof-
phere. It is ufually obtained, by a very labe-
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 phofphoric acid
united to an aleali, 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 fakt be
extracted from the urine by cryftallization, and
then mixed with charcoal, or other proper phle-
gifticated fubftance, and diftilled with a fufficient
heat, the fame phofphorus will be formed.
Phofphorus therefore is only a particular kind
of fulphur burning with lefs heat than common
fulphur. If pure vitriolic acid and this fubftance
were mixed rogether, 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,
teaving the phofphoric acid behind.  If this ful-
phur
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phur be mixed with, or expofed to the attion 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

+ attracted, and the acid remain alone in vapours,

which may be caught and condenfed, by means
of the fteam of water, into common fpirit of
vitriol, or {piritus {fulphuris per campanam.

Other bodies containing phlogifton not too
ftrongly combined may be decompofed by air
as well as fulphur. The air decompofes phof-
phorus in the ufual heat of the atmofphere; 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 act 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 effected without heat, but
that there are others of them to which heat 1s
neceflary.

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 prelent theory of the heat attending
fome of thefe procefles. To account 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
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the inlammable body is transferred to the air,
the fire is fet at liberty by reafon that it has a

weaker attration, and produces the great degree
of héar obfervable on thefe occafions ? (See che

table, column 16.)

The more rapidly the decompofition pro-
ceeds, that is, the greater the quantity of it which
takes placein 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 fuccelsfully employed for that
purpofe. 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 delcribed, are called combuftibie bodies,
and their decompofition by air is called combuftion
or burning, on account of the heat attending it.
But the combulftion 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 is 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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G N LU 84T O N,

X X 7 HAT has beén faid will, ic 15 prefumed,

be fufficient to give the readér a peneral
idea of chemical elective attraction, and enable
him to realon on the operations which depend
on it. With a few remarks on what has been
faid, I fhall clofe this part of my fubject. Thefe
remarks however, will be fuch as would, atleaft
for the moft part, haturally occur to a reader of
tolerable capacity after having gone through the
preceding chapters,

1. .
Bodies cannot a& 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

t0 exert their aftion on thofe of another, which,

in a folid ftate they cannot do, by reafon of the

oreat attraction which takes place among them

felves. ‘
'- 2.

In many cafes heat is neceffary 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

will

Y
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will not become metals but by means of the fame
agent. In thofe cales wherein bodies act on each
other in the ufual temperature of the atmofphere
heat ufvally very much promotes the effeét.
Thus; cokl water will diffolve [ugar; but if
heat be applied, the folution takes place more
fpeedily, 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 {uf
ficient heat to render the former ingredient fAuid,
If fpirit of falt cannot form cotrdlive fubMmate
- with mercury, itis only becaufe there is riot a
fufficient heat to reduce them into vapour.
Il"i
g,

I Expl@ining the table of affinities, 1 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 vieriolic acid, and phlogifton. But with
} refpeét to the fubftances underneath it in the co-
l lumny it is a principle; thofe {ubftances not de-
'|' ‘compoling, but uniting withit, asitis fulphur:
~ Thus, mercury and fulphur are the proper con-

ftituent principles of cinnabar; and fo of others:

Alfo maty of thefe which appedr to be prins
ciples are infadt only compounds. Thus, alcaling
. Aales are combinations of earth, acid, and phlo-
e - K giftom
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gifton. So likewife acids, &c. are only com-
pornds 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 wunder 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 fo 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
attraction. For example, xther will not diffolve
gold, yet if gold be diffolved in aqua regia,
and then the ather be added, the latter will at-
tract the gold from the former; and chemiftry
furnifhes other inftances of a like kind.

In fome cafes two principles which will not
M unite, may yet be made to do fo, by means of
iy i a third principle, which hasanattration for both.

i ¥

f

l*‘l

7

‘Thus fulphur will not unite with water, but if §
the fulphur be previoufly combined with an alcali, §
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: |
r"s likewife oil and water will not mix; but if anifj
4 alcali, which attracts both, be added, their mix~§ .
| | ture will, by means of this intermedium, bes

effeted. 6. Fro
| B -

!
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6.

From what has been faid coficerning 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 thé 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 proceflcs, even without fuch aid. For
exercife in thefe particulars I would refer him to
the operations concerning metals; to the feveral
procefles for making the @thers; and to others,

" which I have not touched upon; examples of

which he will find in abundance in chemical and

- pharmaceutical writings.

. £

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 analcaline liquor, and an acid beadded,
the alcali unites with the acid, letting go the ful-

K2 phur,
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phur, which therefore falls to the bottom, in
form of a powder, called from hence, Julpbur
precipitatum. Thus likewife, if an effential cil be
diffolved in fpirit 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
onthefurface; this islikewifecalled precipitations
and fixed air, when difengaged by an acid, and
flies off from the liquid, is alfo faid to be preci-
?fMIBd‘»_
3 CRYSTALLIZATION,

- Which happens when particles of falt are fufs
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 tlian others to keep them dif-
folved, if more than one fort 1s difiolved in any
liquid, that which requires the greateft quantity
of water to keep it diffolved, will cryftallize
before the other; and hence the art of obtaining
the feveral falts diffolved in any liquid fePa_r_atf;',
hence alfo feveral kinds of falts when mixed toge-
ther, may be f{eparated on this principle. Com-
mon falt, for example, diffolves in lefs water
than nitre: hence if nitre and ‘eommon falt be
diffolved in the fame liquid, the nitre will cryf-
tallize fooneft, and therefore may, by a proper
management of the tvanuratzon, be obtained

before
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before the common falt begins to fhoot. As nitre
when firft made contains a large quantity of com-
mmon falt, it is purified fromit 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 is
SUBLIMATION,

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

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, asis
the cafe with magnefia, quicklime, and fome
other fubftances; and 2. When the phlogifton is
to be taken from a {ubftance by a like expofure
10 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 veflels; the air attraéting 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 generated
fufficient. for the continuance of the combuftion

K 3 as
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as happens in thofe bodies, and therefore the ap-
plication of extraneous heat is alfo neceffary,

There are other calcinations which partake of
both thefe kinds,

CONCENTRATION,

~Or the reducing of any principle not nbtam.-
able in a feparate ftate. into as fmall a compafs,
or in other words, making it as ftrong, as poffible.
T hus, oil of vitrio] 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 with it as may
be: ‘which concentration is effeted in a direct
contrary manner ta the other, the fpiric being
more volatile than the water; the water more
volatile than the acid. There are al{o other me-
thods of concentration: thus, vinegar may be con-
centrated by freezing ; the watry part only con-

sgealing, 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 i,

after no more can be abtained by diftillation. §f
Vinegar again may be faturated with an alcali,

and thereby formed into a neutral fale,  To this
falt made dry, concenttated oil of yitriol being
added, the vinegar is expelled by means of a fu-
perior affinity, as was fhewn in the diftillation of
{Pmt of nicre and fpirit of falt, by which means

thﬁ
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the vinegar receives the higheft poffible degree
of concentration ; and other inftances of concen-
tration may be met with in chemical writers.

8.

An acquaintance withchemical theory will alfa
enable him to analyze compounds, fo as todifco-
ver their ingredients.  If, for example, T would
know the compolfition of a neutral falt, prefent-
ed to me for that purpofe; I difiolve part of the
falt in water, and add a fixed alcali. As there
is no turbidnefs, I conclude, that the bafis of
the falc is neither earthy nor metallic. 1 apply
my noftrils to the liquid, and find that it fmells
ftrongly of the volatile alcali, which therefore I
conclude to be the alcaline balis 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 ammoniac.

To be further fatisfied of this I grind a lictle
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 fal
alone to detonate without addition.

If there be prefented to me a {olution of two
d:ﬁ'ercnt falts in water, and I am reqt.uft:d to dif-
gover them, Iadd to a kittle of the liquid, fome
fixed alcali, and find a tubldnei's, tﬂgethﬁr with
a {mell of volatile alcali. One of the falts there-
fore is ammoniacal, th:_a othér either Eal‘t[‘l}" or
metallic. I colleét, and wafh the precipitated
powder, and find that it is perfectly white, that
it readily diffolves in the vitriolic acid, with
effervelcence, and is precipitated from it by vo-
latile alcali, It is therefore probably maghefia. -
1 evaparate and cryftallize this latter folution,
the falt fhoots inta long flender cryftals, and
appears like the fal catharticus amarus, another
argument that the balis is maguefia,

To difcover the acids, Ievaporate a fufficient
quantity of the ariginal liquid, and 6n ‘part of
the cryftals firft abtained, pour a lirtle oil of
vitriol; a white fuime arifes, ‘w‘l'ﬂr.’h fhews'that
the acid of thofe cryfials is the marine, To ano-
_‘{]'.If.‘l' part of thr:rn I add Bixed 3](‘411, arid find a
fmell of vnlnnle alcali;, from whence I conclude
that ong of th; falts is :hr: common fal ammoniac.

As the bafis of the other was magnefia, Tadd

to the liquor from which T obtained the cryftals
of
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of fal ammoniac, a {ufficient guantity of fixed
alcali to precipitate the whole of the powder. I
evaporate the clear liquid, and pour onh partot
the firft cryftals obrained fome wvitriolic acid.
But no fume whatever arifes,  The Talt therefore
{5 probably vittiotared tartat. 1 expofe it to the
fire, and it crackles like that falc; it does not
fufe; it is difficultly foluble in water. Thefe
charaleriftics, together wich 1ts 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
{al ammoniac, and fal catharticus amarus.

By knowing the properties of faline fubftances,
and the doétrine of chemical affinities, fophifti-
cations may be deteéted. 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 folutionof the {alt in water,
the cloudinefs occafioned by the precipitation of
the magnefia, difcovers the fraud.

If I would examine the purity of a powder fold
me for magnefia, I pour on it vitriolic acid j if
the {olation is perfectly tranfparent, I may pretty
fafely conclude, that the powder is genuine,
efpecially if by evaporating and eryftallizing
the liquid, a true fal catharticus amarus is ob-

tained,
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tained. But if the folution depofited a {fediment,
or any other than Epfom falc is obtained from i,
the magnelia may be concluded to be impure.

The reader who has a genius for chemiftry,

will be readily enabled to extend thefe hints to

- other chemical {ubftances; and I would recom-

mend this kind of analyfis to him, as the moft

- likely means of improving him in this branch of
{cience,
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INCE the preceding fections were written,
the tables of the celebrated Profeflor Berg-
man have fallen into my hands. Asthele ad-
mirable tables are not yet publifhed in any Eng-
lith work, and are not generally known, I have
fubjoined themto the chemical part of this treatife,
by way of exercife to the {tudent. _Thl:}' will alfo
be ufeful to proficients in chemiftry; as they
contain, in a manner, all that has yet been dif-
covered in that art,

The firft of thefe tables is that of fimple eleftive
attraétions. 1t is divided into two parts. The
upper refpects the bumid, the lower the dry way
of chemical combination.

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

' 1 In
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In former tables the vegetable acids were con-
fidered as the fame. In this they have their fepa-
rate columns; and their attractions appear to be
fcarce lefs different from one another, than from
the other acids. Former tables alfo reckoned
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 havethe fame attractiveforce toacids:
By this table it will be feen that the attraétion of
‘the vegetable alcali is ftronger than that of the
mmem}

- oad

Subftances, with their ele@ive attraftions, are -
alfo to be met with in this table, which are not
ta be found in thole of Geoffroy or Gellert; as

the ponderous cauh, manmanr:ﬂ:, acid of fpar,
and others.

The reader whp has attended to the directions
for the former table, will find no difficuity in un-
derftanding this, after having learnt the charac-
ters.

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

By the character of water in the middle of
fome of them, the humid way is meant. By the
character of air, the dry way.

Figure
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the p:rpemffm!ﬁr one, is exactly 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 exa&ly in the middle betweed
the others. See figure 1ft:

Now 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 thefe beams of
licht. The light which comes from the window
. to the glafs is called the sncident light ; and that
which goes from the glafs to the wall, is called
the reflefied light. 'The angle which the incident
ray (L S) (fee the figure) makes with a line (P S)
. perpendicular to the point of the furface whereon
b they fall, (as the perpendicular thread in this
‘tafe) is called tbe angle of incidence. That which
‘the reflected ray (S R) makes with the fame per-
‘pendiculary is called the angle of refleffion. And it
Is an invariable rule in optics, that the angle of
reflection is equal to the angle of incidence. 1f the
“angle of incidence be great, the angle of reflec-
tion will be great; if fmall, the angle of re:
flection will alfo be fimall: and if the angle of
incidence be nothing, the angle of reflection
will be nothing, fo that the ray will be refleéted
back in the fame line that it came.

L Wh=n-







o —

While a ray of light paflfes through a me-
dium of the fame denfity, it goes on in a ftrait
line. But if it paffes out of that medium into
another, whofe refractive denfity is greater or
lefs, it takes a new direétion, or is bent into an

angle, as will prefently be feen.

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

fthewn by the following fcheme. (Figure 2.)

Let V reprefent the veflel, S the fhilling, and
E theeye. R E will be the only one of the three
rays, coming from three different points of the

- thilling, which will reach the eye while the vefiel

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 veffel be filled with water, and
Jet r N be a ray, coming from the innermoft
edge of the fhilling, it will pafs on in a right

L2 line
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line, till it arrives at S, draw Pp perpendicular to
that point of the furface ; and as the refraction
is out of water, a denfer medium, into air, a
rarer, it muft be from the perpendicular. The
ray therefore, inftead of going on in a right.
line RS, will be bent into the direction Sr, and
therefore the angle of refraction rS P is greatcr
than the angle of incidence R S p.

To explain the fecond law, let R S (fig. 4.) be
a ray paffing through air in a right line to S. Pp
is the perpendicular to that point of the furface.
And as the refraction is to be made out of air,
a rarer, into water, a denfer medium, 1t will
be fowards the perpendicular, The ray there-
fore, inftead of paffing on in a right line R S,
will be turned into the direétion Sr, fo that the
angle of refradtion rSp will be lefs than the
angle of incidence R S P,

Thefe cafes, being only the reverfe of each
other, are perfectly cafy 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 orear, the
angle of refraction will al{o be great; when fmall,
the angle of refraction will likewife be fmall.
And when the angle of incidence is nothing
(shat is, when the ray moves on to the furface
of the body in the direction of the perpendicular)
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" Having thus explained the laws of reflection

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
neceflary to the underftanding of the doctrine
of wvilion.

Whatever is feen or beheld by the eye, is
called by opticians an ofjesf. Thus, an arrow
is an objett; a bird is an objeét; a wall, the
fky, the ground, &c. are objetts.

The furface of an object is confidered by
opticians as made up of a valt number of very
minute points placed clofe to each other; from
every one of which points rays of light iffue in
every diretion. 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

5th. pis the point, and the lines proceeding from
it are rays of light. Of courfe, in whatever po-
fition the eye be placed, whether at A, B, C, &c,
the point willbe vifible, rays being alike reflected
from it to every part.

Now, let L reprefent a convex lens, or com-
mon burning-glafs. Let it be placed before the

point p, and as the glafs is tranfparent, the
L 4 rays
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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 refracted by the air in pafling out of
the glafs, in fuch a manner as that their angles
of incidence fhall be to their angles of refraétion
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.

Nuﬁr, if a paper be placed at x, f{othat 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 refrattion in the
manner before defcribed, form each their refpec-
tive images c, 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 image of C, which is undermoft, being
above,
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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 diftinét, 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 obje@ 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 1t 1s no longer diftinguifhable, '

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

In the eye are contained three humours, the
aqueous, cryftalline, and vitreous, feparated
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 is 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 s the proper organ of vifion, For the

rays
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rays of light, by ﬂ:riking 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-

hlent]}r ftruck, light is feen, as pain is felt from
firiking any part of the body, in which is the
fenfe of feeling.

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

If a ray of light, as rR, falls perpendicularly :
on the eye, it paffes ftrait on the retina, w1th0ut
refraftion ; for reafons which have been alrf:ady
L'rwt'n.

But if a ray enters the eye-in any other direc-
tion, it will be refracted by the {everal humours,

i the foliawing mariner.

Let Rt be a ray paffing 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 mult be made towards the perpendicular, as
has already been explained ; the ray therefore
will pafs on to the furface of the cryftalline hy-

mour
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mour in the direftion of tn. The cryftalline 1s
denfer than the aqueous and vitreous humours,
and therefore the ray will, by the refraction, be
defleCted 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
fame point with the ray rR, fo as to occupy the
whole width of the pupil p, p, and then they
will all be refracted in like manner, fo as to

. meet in the fame point of the retina; and the

image of the pointr, 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.

Imagine 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-
fpect to the lens. The rays after refration will
mieet on the retina in three points, b, R, o, in an
inverted ficuation 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 eve,

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 yow

will
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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 which are
on any one fide of the retina going to the contrary
fide of the fenfory ; and hence objects are painted
in the fenfory in their true polition.

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 polfition to
what they are in the fenfory; and even the
figure of the retina'is allo 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 center 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 is not in
the eye, butin the fenfory that the images of
objects are perceived ; for the concavity of the
retina of the eye looks the direct contrary way.
There being an infenfible {pot in the retina, and
no dark fpot in an objeét viewed anlwerable
thereto, is another argument that it is not the

* In Philofophical Obfervations on the Senfes, &c.
eye,
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focus is made to fall more diftant than it would
naturally do. But when the objectis near, and
“the focus would naturally fall beyond the retina,
the cryftalline lens becomes more convex, foas
to refract the rays more; and bring the focus
nearer, {o that whatever be the diftanceof the
object, the focus, by means of this admirable
contrivance; always falls on the retinaj and in
courfe the objett at whatever diftance; is feen
diftinét.

The ufe of a convex lens is to make rays
converge or approach nearer to each other, as
hath bégn (hewn; and the greater its convexity,
the more does it encreafe their convergency:
But a concave lens, on the contrary, caufeth
rays to diverge or recede from each cther, and
the more fo, as the concavity is greater. The
figures 12 and 13 réprefent fuch lenfesi the
rays falling on them in parallel directions, are
turned from their parallel, to a diverging ten-
dency, by the concave lens &, and to a éonverg=
ing tendency, by the convex lens 2. The rea-
fons of this difference will ealily be underftood
by tracing the refraction of a ray falling obliquely
on each of thefe glafies, according to the ruley
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 2 of
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_petina; which, as hath already been fhewn, is
neceffary to diftiné vifion. As the eye naturally
grows flatter by age, the fight of thefe people
mend 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 objects appear
through convex lenfes at different diftances from
" what they do to the naked eye. Thus, the ob-
ject L, fig. 14, when {een by the naked eye, ap-
pears atL; but if a conyex lens be placed before
the eye, the rays, after refraction, if they were
continued on in ftraic lines, would not meet at L,
but at the point / beyond it, at which place the
objeét will appear; for you may gather from
what has been*faid before, that * an objes al-
“ gpays appears in that place to which the rays
 would converge, or from which they would di-
< werge, in falling on the eye” It has already
been fhewn, that according as an objet is
more diftant, the angle which the rays dluing
from a point thereof, form with the eye is
lefs; now the eye judges of the diltance ac-
cording to that angle. As the apparentdiftance
theretore depends on that angle, it follows that
the eye muft form the fame judgment of the dil-
gance of the object /, whether the rays reafly flow

M 3 - from
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;;lanf: mirror, and therefore the point p, at which
they would meet, would be more diftant; fo
that the objeét 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 ar p, fig. 19,
and therefore the object will appear lefs diftant
than the glafs. ]

If the object Q, (fig. 20.) be viewed through a

glafs prifm P, 1t will not appear at Q, but at g, .

the pbiﬂt to which the rays after refraétion would
converge. So the fhilling in fig. 2. appeared to

be removed out of its place. Hence alfo aftick
partly placed in water does not appear ftrait, as
before, but bent; and other inftances of the .

changes of place, or diftance of objeéts, by re-
flection and refration, may be underftood by
means of this rule,

- You may likewife have remarked, that objeéts
when feen in fome cafes of reflection and refrac-
tion, appear to be bigger or lefs than naturally.
Thus, an object feen through a convex lens ap-
pears bigger; and through a concave lens lefs.
You will underftand the reafon of this, by ob-
ferving that the points of which their images are
teompofed, are by the refraction or reflection, re-
imoved further from, or brought nearer to each
other than before. Thus, the points of the ar-
|Jow ab, in fig. 14, are by means of the convex
M 4 lens,
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1t muft be underftood then, that every part
of the retina of one eye ‘has a correfponding part
in the other; o that when the image of the fame
object falls, in the {ame manner, upon the an-
fwerable parts of both eyes, only one object is
perceived, as if the image had fallen upon one
eyeonly. 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 fee only one fhilling,

It was fhewn before that vifion is not made
in the eye, but by the nervous expanfion in the
fenfory. If you imagine each of the fibres of the
npuc 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 is the cafe, appears by the follow-
ing experiment. Look at any object, {uppofe
the flame of a candle, fteadfaftly with both eyes,
you behold it fingle; but force one of your eyes
out of its pofition with your finger, the object
is no longer feen fingle, but two flames are be-
held inftead of one; and the more the eye is forced
out of its dlre&mn, the more diftant from each
other will the two flames appear. And this ought
to happen, according to the theory; for the
image of the objet in one eye, can now no lon-
ger fall on the correfponding part of the other;
and this variation muit nceds be greater, accord-
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greater dli’cance, and tht:refc:-re the E}"ES mult
be turned more away from each other as the
22d ﬁnrure will alfo more fu:l;,r explain, for
unlefs thﬂ optic axes meet in the object, the
images of the ﬂble& are not painted on the cor-
refponding parts of both eyes, and ﬂf courfe the
object will not be viewed fingle; the contrary. of
which always happens when the axes meet inthe
object. We have therefore, you find, feveral ways.
ﬂfj_udgipg"g:ﬂthé diftances of objects by vifions
1.By both eyes, according as EhE}' are turned more,

away from each_other to view them ﬂ'ugiy, 2.
By each eye, acc:::rdmnr as it muft alter its figure
for Lhrow:ng the image of the objett d:f’tlnﬂ‘iy
on the retina; and, 3. By the fmallnefs and in-
di&m&ntfs with which obje@s of a known fize
appear. Thus, diftant hills appear {maller and
more. obicured 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 cons-
parifon with otbers whofe diftances are better
Known, and the like.

In fome people we find that the eyes are na-
turally diltorted, or they fquint, and yet they
fee objects fingly as well as others who have no
that deformity. In thefe people, the globe of
one of the eyes is turned awry with mlp:.& to
the retina, o that the r::-ptlc axis coming from
the center of the retina, does not pafs thmuuh the

cenier







QR POTI ITCYSE 198

becaufe no rays can then pafs to the retina.
And if the opacity be imperfect, - the fight will
become more obfcure in proportion. Semetimes. |
the cryftalline humour becomes opake, burt if
it be removed by extraction, 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 extracted, as that humopr
foon regenerates 3 which the cryftalline does npt.

In fome cafes the epacity is not toral, 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 alcertaining it.

When large particles Hoat in the agueous
humour, gnats, flies, webs,, and the like, feems
to float before the eyes.

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

ClE THE GOLOURS: OF LIGHT.

Tnto 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 adinitted, and it will
paint-a round white fpot on the oppolite wall.

Bus
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of the funm, which is compofed of all forts of
rays, appears white. If the blue and yellow-
making rays are mixed together they caufe a
green. If red and violet ones are thus mixed
they caule a purple, And mixtures of other
rays produce other colours, . The colours of all
bodies depend on the kind of rays which- they
refleét to the eye. Thus paper reflects all the
rays equally, and thence appears white. But if
‘we put a {lip of paper in the red part of the
Jpedrum (for fo the long fpot of coloured light
made by the refraction of the prifm is called by
opticians) we find that it no longer appears
white, but red, becaufe now it reflects only the
red-making rays to the eye. If we place it in
the blue part of the fpeétrum, itappears blue, by
reafon that it now reflets only the blue-making
rays. Sealing-wax naturally appears red, by
reafon that it reflets moft copioufly the red-mak-
ing rays, but if it be held in the blue part of the
fpetrum, it appears no longer red, but blue;
and the like may be obferved of other bodies.
Painters knew part of this dofirine by pratice,
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 feveral 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 reflet the rays producing thofe refpective

' colours
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..or by the tranfmitted rays, thofe parts which by

the reflefted light looked red, will now appear
black 3 and contrariwife. :

When therefore the rays entered the air any
- where between 4 and ¢, they preferved their
difpofition to be tran{mitted till they arrived at
the further furface of the air, and therefore wete
tranfmitted:  But when they entered the air at
the thicknefs any where between 2 and 2, they
loft their difpofition to be tran{mitted by the
time that they arrived at the further furface of
the plate, and therefore were not tranfmitted,
but 7eflesfed. ~ The like may be obferved of the
thickneffes , ci ¢, @5 d, e; &c. but the thick-
nefs ¢d being double that of ¢ 2, the rays muft,
have had two fits or difpofitions to be reflected
in their paflage through the lacter thicknefs, and
for the fame redfon they muft have had two fits
or difpofitions to be tranfmitted during their paf-
fage through the thicknefs 4 ¢; and fo'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 flarts; that if they
farrive at the further furface of the plate in the
progreflive fir, they break through that furface
and fo are tranfimitted s bur thar if they arrive
at that furface between thefe progreffive fits, they
€ on the contrary refleted. This pulfatory

motion of a ray of light is called the wibration of
he ray;
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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 furnifhed with the -
folution of a variety of phenomena in chemif-
try. If an acid be added to a blue vegetable
infufion, as {yrup 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 fyrup are in
thele cales varied by the refpective additions, fo
as to caufe them to refleét rays of different co-
lours. The particles of venous blood exhibit a
deep red; but by expofure to air, and the con-

fequenc lofs of their phlogifton to that fluid, their
fizes or thicknefles are altered fo as to reflect

thofe rays which conftitute fcarler. 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
N 3 13




is referred to the illuftrious author jult men-
tioned, and alfo to the ingenioys Mr. Delaval’s
treatife on colours. I have only intreduced 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 fcience of optics as is neceffary to the
illuftration of the dorine of vifion; with the
following particular therefore, I fhall clofe this
chapter, |

The refrangibility of the raysof light as above
defcribed is caufed by the attracting power of -
the prifm; and as the vielet- making rays are
moft refracted, and the red-making ones leaft,
it follows that the former are {o conftruéted
(whether by being compofed of fmaller particles,
or otherwile,) 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-

elled in ignition; for bodies when heated, firt
E‘ninﬁ: with a red coloured light; and this argues
that as the red-making rays are leaft attracted
by the prifm, fo the particles of which they are
Sl : compofed
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compofed are retained by bodies with leaft force.
As the heat encreales, the particles which con-
{titute 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 1s {ufficient,
{0 as to expel all the particles equally alike, the
gnlnur muft be white; hence the body is faid
tu be white hot.

E -:r 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
i bel:wu-:t reddith, and white, for reafons juft
gwen On the contrary, their colours are &lue :
their light therefore muft be emitted on a dif-
ferent principle from that of ignition.

"' Tounderftand the reafon of this, fuppole 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
lihf: quantity extricated from the one, is greater
‘i:han the other can abforb. That therefore which

Hlsnnt abforbed will appear, or fly off, under the
fﬁrm of light.

. As in ignition bodies retain the blue lisht
~moft powerfully, and part moft eafily with the
red, and other particles which compofe the lefs

N 4 refrangible
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fome little time to become red hot 3 and there-
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,

CoH AR E R D
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OUND is demonftrated by philofophers
to depend on the air: forif a bell be ftruck
in a veflel exhaulted 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 mulfical ftring, ftretched fufficiently tight,
be drawn into a curved figure, and then let go,
it caufeth a found.

The found is oecafioned by the vibration of
the ftring, or motion of it continually to and
fro, inthe manner of a pendulum, till it returns
to a ftate of reft,

As
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continual fucceflGon, according to theirdiftance
but when the {tring 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
feen, propagated from that point, and fwelling,
or extending itfelf to a diftance. This ring is
fucceeded by another, that again by another, and
fo continually, till the effect ceafes. If inftead
of rings, or circles, hollow {pheres 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 aboye 8oo times rarer than water, thewaves
or pulfes of air, move above 8uo times as faft

as thofe of water, Thefounds 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 ftrings,

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

by







at the fame inftant of time, and hence an unifon
15 the moft perfect concord in mafic,

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

Two founds whofe pulfes are as three to two,

meet at every fecond of the flowelt, and at every
third of the fwifteft. This concord is called a

fifth, and is the third and laft perfet concord.

Sounds whofe pulfes are as four to three, as
five to four, as fix 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 uled in mufic to give
a variety to the concords, which would other-
wife be too luicious 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,
it will caule 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
5 vibration
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vibration of this fecond ftring; the found of 4
flute, the voice; &c: in unifon with a ftring,
would equally put it into vibration.

A ftring will alfo be affe@ed in this manner;
though ina lefs eminent degree; by a found
which is an oftave toit; and in a degree fill lefs
by afound which isa fifth. But as the coinci-
dence of the pulfes 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 2
right line ; and when the ear is o fituated, that
the found may tome to it, direCtly from the
fonorous body through the air, the found is
heard diretly in that fituation. *If four fonorous
bodies are placed eaft, weit, north, and fouth,
and no obftacle intervenes; their founds are
heard directly in the lines of their refpective
fituations.

I Explainﬁd likewife that hight is teflected in
an angle equal to that of its incidence, and the
fame happens with found. If a found coming
from a body be refleéted by a wall, or hill beyond
us; the original and refleCted founds are both
heard in their refpective fituations. Echoes are
founds reflected according to this law.

Th:ru
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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 thade. 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 perfectly at the place
where the found is reflected in the angle equal to
that of its incidence. But it may alfo be heard
i other places.

‘When found pafics through an hollow tube
of a conical form, it is ftronger, or louder at its
exit through the fmaller aperture, than it was
at itsentrance at the larger. The reafon of this
is obvious; the found being condenfed in its paffage:
through the tube. On this principle, efpecially
when conjoined with the following, ear-trumpets-
arc formed; the founds being colleted by the

large aperture of the tube and thrown in a more
condenfed form on the ear,

When found paffes through a long tube, it is
alfo ftronger at its exit, than it was at its entrance. -
For as light reflected by mirrors is brighter and
hotter, fo found refleted by elaftic bodies, is
faade {tronger, or louder than before. The found

i
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F a body be let fall in vacuo, it will defcend
towards the earth with the greateft velocity

or fwiftnefs that the power of gravity is capable
of giving it. A feather let fallin an exhaufted re-
ceiver defcends to the bortom as faft as a (hilling.

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 defcend ; 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 {pecific
gravity in the introduction.

. A feather and a fhilling, in vacuo, defcend
with equal velocity. In air the feather hardly
defcends at all, becaufe of its rarity; whereas
the fhilling, being much denfer, is very litcle 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 Now
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the fpecific gravity éﬂ?or}r l;&cars to that of lead.

I take a piece of each of them, weighing in air
exactly 6o grains each. By weighing them in
water I find that the lead lofes 51 grains, and
the ivory 31 grains. Confequently the fpecific
eravity of lead, is to that of ivory as 31 to 5,
or in the inverfe proportion of their weights.
That 1s, lead is above five times heavier than
ivory. In this manner may the fpecific 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 bz diffolved. In ail, fpiric of wine, or
quickfilver for example.

By this method the comparative {pecific 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 gravicies 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. Thelofs of weight in
the firlt cafe 1s 76, n the latter 41 grains; thefe
numbers are inverfely as their {pecific gravities ;
and of courfe the {pecific gravity of oil of vitriol,
is to that of water, as 76 to 41; that is, almolt

fwice as great, It is by thefe means that the
O 2 - rables
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CHAPTER: IV.
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Lectricity 1s applied to medical purpofes,

and frequently with good effect. 1 fhall

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

Bodies are divided by writers on this fcience
into eleftrics and non-eleftrics.

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

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

Electricity is an exceedingly fubtile and elaftic
fluid, which may be rendered fenfible, by Sts
effects, to the feeling, and other fenfes.

- Electrics are impervious to the eleétric fluid.
Non-elettrics are readily pervaded by it. For
this reafon the latter are alfo called condutiors,
the former non-condustors of electricity.

0 3 gt 1
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the former which is affected by the friction, will
become difpofed to attralt + or receive the elec-
trical fluid. It will therefore Aow from the lea-
ther to the glafs; and of courfe from the non-
eleétrics around to the leather, in order to reftore
the equilibrium.

This encreafed attraction, or difpofition of the
glafs ‘to receive eleétricity however, is but mo=
mentary ; for as foon as the friction 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-ele@ric fub-
ftances be applied to the glafs in this ftate, they
violently attralt its redundant electricity, and
therefore the glafs itfelf which containsit. But
as the glafsisheavy, and the featherlight, inftead
of the former moving towards the latter, the fea-
ther, as being moft eafily moved, will rafh upon
the glafs, -

- But when the feather has taken fo much eléc-
tricity from the glafs, as that an equilibrium
~obrains between them, they mutually repel each
- other, and the latter, being the hghteft, is dri-
wen away: nor will it be attracted again till it
‘has touclied fome other fubftance, to which it
,-.i L O 4 v3 - i'nay

Rl 3

t.'.t-n.". term alfradiion, though ftrictly fpeaking, it may be im-
g:ptr_, yet having been commonly ufed as beipg moft convenient -
th"'“““‘?rfh‘-'-ﬂdiﬂg of the phenomena of eleétricity, is here
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parts of the furface fucceflively rubbed, will alfo
prefently begin to let it go again, it will be at-
tracted by the conductor €, and accumulated
thereon. But when the fluid is all attracted from
the rubber, the accumulation on the conduétor
can be no farcher 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-
ele€tric, (as might ealily be done, by means of a
metal chain, or other conducting fubltance,) the
electricity contained in thefe bodies will flow to
the rubber to reftore the equilibrium. The

~ globe may again be excited by friction againft

the rubber. The operation may be continued
at pleafure, and the fluid may be accumulated
on the conductor in ftill greater quantity.

Tt may at firft view be imagined that the faft-
er the globe is whirled, the more eletricity will
be thrown on the conductor. But this will not
happen when the velocity of the roration exceeds
a certain degree, becaufe the difpofition given to
the parts rubbed, of abforbing electricity, does
not go off before thefe parts fucceflively arrive
at the conductor; and to the effect in quettion,
it is neceffary that they fhould on the contrary
have begun to give ot their acquired eleétricity
by that rime,

As
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and receive an accumulated quantity of eleltri-
city. '

If any perfon not elettrified, or any non-
eleétric, be applied to the perfon thus electrifed,
or, which is the fame thing, if he fteps on the
floor, or touches any other non-electric not in-
fulated, the Auid will rufh from him into that
other body, the fame as it wquld from the con-
duor; and he will feel the fame fenfation at
parting with the fluid as he did in receiving it
from the conduétor. °’Tis remarkable that a
vifible fpark, and a fnapping noife happen on
thefe occafions, together with a fulphureous, or
phofphoreal {mell.

If the elettrified perfon touches another who
is infulated, or placed on eleétrics, the fluid will
not pafs off entirely, as happens where the per-
fon, or other non-eleétric touched is not elec-
trified, but only half of the accumulated Auid
will pafs from the former into the latter, or o

as to preferve an equilibrium of the fluid be--

tween them. Both thefe perfons therefore will
be electrified, but only half as much as the firft
was before fuch communication.

- ™ N

When a perfon is electrified, the fluid may be
drawn off from him at any part by 1pp1y1ng a
non-electric fubftance to that part. Thus, if the
finger, knuckle, akey, or the like, be applied
1o the eye, the fluid will be difcharged through

1 that
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the contrary is eletrified negatively, or has Jefs
of the electric fluid than it would naturally con-
tain. From whence it will eafily be perceived,
that whereas the conductor will part with eleétri-
city to any non- electric applied to it, the rubber
will, en the contrary at#rast ele&ricity from fuch
non-electric; thefe oppofite affections of thofe
bodies being equally the effects 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 ene, will communicate fire to it, till both "
become of an equal heat. But if the luke-
warm be applied to the hot one, the latter will .I

communicate fire to the ﬁ:rrmr:r; and when W !
the equilibrium is reftored between them, they |
will both be hotter than naturally, as in the other l

cafe they were colder.

In like manner, if the human body, or. other

non-electric, infulated, touch the prime conduc- <.
tor, partof the fluid will ruth from the conduétor ¢
into the body, and they will both be eleétrified 4
pofitively, though in a lefs degree than the con-
ductor was before. But if the body touch the. W
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' '
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tric thock, or the famous phenomenon of the
Leyden phial.

Let a pane of glafs be coated, or covered with
- tin-foil, or other proper non-eletric matter, fo
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 attract the electricity from the rubber, and
the rubber from that fide of the coated glafs,
till it has taken all the electricity out of that fide.
If a proper communication had alfo been made
between the conductor and the other fide of the
glafs, all the eletricity that was in the firlt fide
would be communicated to the fecond, fo that
the firft fide will be electrified negatively, being
deprived of its natural quantity of the eleftrical
fluid, the fecond fide polfitively, containing twice
its natural fhare. The glafs in this ftate is faid
to be charged, |

Now from what has been faid it will eafily
‘be underftood that the negative fide has a violent
attraction for its natural quantity of eleétricity,
and that the pofitive fide has as violent a ten-
dency to part with it to bodies which have lefs.
But as glafs is an eleciric {fubftance, and there-
fore impervious to electricity, the fluid cannot

3 pals
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may be killed by the fhock from a {ufficiens
pumber of .f;.ac_h jars,

When feveral ar many jars are employed in
this manner, it is called an eleffrical battery, and
ghe difcharge is called an explofion, the repore
being as loud as that of Jome piltols,

. There are other methods of exciting ele@ricisy
 befides fri€tion, as, by hear and cold, &c, bug
which do it on a fimilar principle with thar, viz,
either by encreafing or diminithing the atgraction
of the body for eledricity, But of late years
| philofophers have difcovered a moft extraordis
pary mode of acquiring this fluid, for the difco.
very of which we are indebted ta the illuftrigus
Dy, Franklinj and this is the drgwing it dowpy
:ﬁ‘am the clouds. For that great man has foupd
‘that the eleftrical fluid and lightning are one
and the fame matter, That the clouds uiually
 contain a confiderable quantity of it, that it might
be obtained from them by means of a kize, or
even by a pointed metalli¢c rod, reaching but a
little way up into the air; and thag this rod, by
communicating with an elettrical apparatus, wiil,
when the air abounds with eleétricity, furnifh
it as well, and often in greater quantity, than
can be ordinarily colleéted by means of a globe,
 The fame philofopher has furcher proved, chat a
flath of lightning is oply a greater clerical fpark,
| - 3 and
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1. The mufcles which are neceffary to the
motions of the body are from the nature of their
conftitution fubjeét to continual wafte, which
therefore 1s to be repaired by means of fome of
thefe,

2. Moft of the other parts and funions of
. the body are either neceffary to the action of the
mufcles, or to the operation of the intelligent
principle, or both; and

3. From the fenfibility, and delicate ftruéture

. of the parts, they require to be defended from
external injuries,

To illuftrate this it may be oblerved,

B i

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 a&ion of the
- mufcles, as will appear, diftributes this nourifh-
ment to the feveral parts of the body. The
glands feparate liquors from the blood for thefe
‘ufeful 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, &ec. which other-
wife, by remhining in the body, would beinju-
Flous to it. The brain is fuppofed to feparate a

B fluid




" - L
= . -




PHYSIOLOGY. 218

C.HWAP T'EWR .

OF THE BONES AND MUSCLES.

THE bones ferve to give firmnefs and fhape e B
to the body. BV

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 ; ‘ o
it is by the mufcles moving the bones, that the ,
various motions of the limbs, and other parts of L
the body are performed. '

The whole fyftem of bones (called a Sreleton,) e |
is conftruéted of many parts, of different fhapes, bo 1
and fizes; joining with one another in various
manners, and fo 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-

ind of the will, or otherwife, by contraéting
their lengths,

Imagine two bones knit together, :
> 3 to be moveable, and that two equal ‘.
icles are affixed to them, one on each fide.

BN Thefe






PHYSIOLOGY. 217

fhapes, the courfe of their fibres, and the ftruc-
ture of the parts which they move.

According to the fhape and nature of the bones
to be moved, and of themotions to be performed,
the mufcles are either long, orthort, flender, or
bulky; ftrait, or round, &c. Where a great
motion Is required, as of the leg, or arm, the
mulcles are long; where a fmall motion is re-
quired, the mulcles are fhort, for a ftrong mo-
tion they are thick, and for a weak one flender.
For a direét motion, the muifcles are ftrait; for
an orbicular motion, circular, as in the {phincters
of the anus, and bladder.

Alfo fome of thefe mufcles are faltened to, and
move bones, others cartilages; and others again
other mufcles, according as may belt fuit the

intention to be an{wered, ;

Some of the mulcles terminate at both extres
mities in tendons, others only at one end, and
others again at neither, for a fimilar reafon.

Each mufcle is furnifhed with a nerve, anar-
tery, and a veiny all of which are neceffary to
its aftion, as has been proved by a variety of
experiments,

As a particular defeription of the parts does not
vome either wichin the limits, or the plan of this
; work,
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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 ﬂagl.". of its circula-

j;inn.

But from the right auricle it paffes again into
the right ventricle, from thence, as before, fue-
ceflively to the pulmonary artery, the pulmo-

. nary vein, the left auricle, the left ventricle,
the aérta, and vena cava, and fo on in a per-
pef,pal round, which therefore is called #be cir-
;ﬂ&:};ﬂ# qf the blood,

Thc blood hﬂwcvcr does not flow out of the
heart into the arteries continually, butby pulfes. -
‘or fits; when the ventricles are filled with blﬁiﬁ:ﬂh
from the auricles, the blood ftimulates them; and
-thereby occaflions them to contrali; by fuch con-
-traction they force the blood which they contain

into the arteries. ‘This contraction is called the
fyffole of the heart.  As foon as they have finifhed
“their contraction they relax, and are again filled
-with blood from the auricles, and this ftate of
-the heart 1s called its digflole. The fyftole and
“diaftole of the heart therefore continue on alier-
~nately, and hence the puifation or beating uf the
'htarl:.

Q The
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by the blood driven into them from the heart,
they will contraét 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 ler it pafs on freely to

the heart; the latter direction of the blood’s

motion opening, the former fhutting thofe valves,

From this account of the blood’s circulation
it will eafily be feen that it moves in a direct
contrary courfe in the arteries to what it does in
the veins ; in the latter it 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 {wells next to the hand; which fhews
that the blood does not flow into the vein from
the heart, but from the hand.

It may alfo 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 -

ez in







PHYSIODLOGY. 229

courfe of an hour; efpecially when the pulfesis
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 nourith them, and that
the veins abforb, or fuck up what is fuperfluous,
and return it back to the heart.

As the blood 1s 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 action of the fibres are indicated: If weak
and feeble, the contrary. If quick, a fever; if
flow, the reverfe. From a variety of other dif-
ferences in the pulfe, which are defcribed by
mf:dical writers, and which are better underftood
by practice and obfervation, 2 number of parti-
culars refpeftmg 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 pradtice of phyfic.
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PHYSIOLOGY. 23

from returning. The lymph, when abforbed as
above, is afterwards urged forward by the muf-
cular coats of thefe veffels in lik ®manner as hath
been fhewn with regard to the inteftines, and

blood veflels.

The lymphatics from all parts of the body
dire& their courfe towards the fame part with
the lafleals or chyle veffels, already fpoken of;

. with which they form one general fyftem of 4b-
forbents. The lymph is poured, together with
_ the chyle, into the left {ubclavian vein, where
they mix with the blood.

If through weaknefs, or other caufe, the
lymphatics do not fufficiently abforb the lymph,
dropfies are the confequence; and the like hap-
pens when thefe veffels are ruptured.

When mercurial ointment is rubbed upon the
fkin, the mercury is ablorbed and conveyed into
the {yltem, as appears by the falivation which

~ takes place on thofe occafions. The abforption
is made by the lymphatics. Other fublftances
are alfo capable of being abforbed by thefe
veflels, when properly applied to the fkin.

Both the lymph and cﬁyle pafs thro’ lympha-
tic glands in their courfe to the fubclavian vein,
But for what reafon is not yet known.
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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 waite, fo there would have been no
occafion for fupply; and food would have
been unneceffary. But on the contrary, life
cannot be preferved if the evaporation above
fiwken- of is not continued.

In this chapter I (hall 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
{tomach. From the right fide of the flomach
ifTues another tube, called the pylorus, conti-
nued into 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 duct, from the pancreas or fweet-

' bread. The duodenum 1s continued into the
jejunum, which makes the firft part of that long
flexible tube forming the winding guts, and 1s fo
called becaufe it is generally empty. The fe-
cond part 1s called ileum, and is only a prolon-
‘gation of the jejunum, and the ileum terminates
in that great gur called the colon, the lower parc -

of which, called the rectum, is fixed mto the anus.
or fundament,
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warmth and gentle triture of the ftomach and

inteftines, it 1s quite altered in its nature from

- what it was when firft taken *; fo that when it

arrives at the fimall 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 perfett, the chyle is the fame,

whatever be the food it is obtained from. The lac-
teals which colleét 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-

* The gaftric juice has been thewn, by Mr. John Hunter and
others, to be a folvent of the aliment., If fleth, or other food, be
digefted in this liquid, out of the bedy, it will in great meafure be
diffolved by it; and therefore it is now generally held that dizeftion
is performed by folution; the gaftric liquor being the menftruum
for that purpefe. The pancreatic juice [zems (like the faliva, which
it refembles) chiefly defigned as a diluent. The ufe of the bile is
not yet properly known. But experiments fetm to thew that ani-,
mal food employs lefs of it than vegetable, Tt is therefore probably
of great ufe in animalizing the aliment: and perhaps the blood
derives from it its fpecific power of attradting 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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PHYSIOLOGY. 248

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 aredrawn fromthe appearances

of blood by practical writers,

CHAPTER" VI
O NUTRITION

HE folids, 45 well as fluids of the body,

A arein a ftate of continual wafte, and therea

fore require to be recruited. Hence the necef-
fity of food, as before obferved.

The manner in which nutrition is performed
(15 not as yet well underftood, but it feems to be:
performed by the blood, or rather the lymph
mn conjunétion with the nerves.

If a nerve be divided, the part which it ferves,
waltes, (efpecially if it be mufcular) notwith-
ftanding that the blood circulates through it as
ufual. And there are phznomena which thew

that the blood is likewife neceffary to nutrition.

In the mufcular fibres, the bafis of nutrition
may be the fubftance of the nerves; but thefe
may require to be affifted by the blood, or its
lyaph.  Other parts may be nourithed in diffe-

b fent
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A falivation is diminifhed by a cathartic: and
perfpiration by an encreafed fecretion of urine.
And there are other ufes of the glandular fecre»
tions to be met with in practical authors,

C HAFYE Bl T =S

OF PERSPIRATION,

‘N animal body is formed on fuch princi-

ples that its {folids, particularly the muf-

cular fibres, are in a continual ftate of walte;

and both thefe and the fluids require to be con-
ftantly renewed. Hence follows

1ft, A neceffity of their bfihg frequently re-
cruited by means of food, as hath been fhewn,

~and

2dly, A like neceffity of a continual difcharge
of the old and effete materials. J :

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

martter of perfpiration,

This vapor ufually tranfpires in an infenfible
manner. But if perfpiration be encreafed by

R 3 exercife,
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PHYSIOLOGY. 249

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 muicles ferving for infpiration,
now beginning again to act, the thorax is dilated
as before, and this continual alternate dilatation
and contraction is called re/piration.

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 direétion, and
in expiration it may likewife affift the motion of
that in the veins. 1f breathing be ftopt but for
a fhort time death enfues ; for if no blood pafleth
from the lungs to the heart, the circulation, on
which life depends, mult 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 ®f the lungs; and it was alfo
known that it loft this dark colour during its
paffage through the laft mentioned organ. It
had likewife been remarked, that when venous
blood was expofed to the air, the furface of it
acquired the fame fcarlet colour as that in the

arteries
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264 PHYSIOIE G ¥

perhaps, it will be advantageous to the praéii-
tioner if he likewife makes himfelf acquainted
with their metaphyfical theory, as delivered by
Mr. Hume, and other authors,

C'H!A'P TVE/R +iXY.

; OF THE SENSES

| S 4 L=

OF VISION.

\HE doétrine of vifion, fo far as relates to

the refraction of- light, was explained in

the chapter on optics. The manner in which

vifion 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 floweft
vibrations of the rays, and violet by the
quickett.

In the chapter on optics it was fhewn that

colours might be excited in the eye without the
afliltance
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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 coleurs in the eye any other-
wife than by the mediation of the wibrations or
colonrs liable to be excited in the veting 4 the colours.
are occafioned by the latter; the rays of light
only ferve to excite them into action.  So like-
wile if blue and yellow-making rays fall together
on the fame part of the retina, they excite the
blue and yellow-making vibrations refpectively,
but becaufe they are {o clofe together as not to

be diftinguithed 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 fo 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 opric 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 refpective colour to be

i 3 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.

QF 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. Byfprefling 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 acurte.
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 airy from its refemblance to that in-
ftrament, it is called the drum, of which the
membrane called tympanum is conlidered as the

head.










270 O PHYSIOEDG Y

"The difference between irritability and fenfibi-
lity was fhewn when difcourfing on the fibres.

Fecling 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 lictle ufe to us, if it was not aided by
the fenfe of fecling. The picture of an objeét,
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 boundariés of an ob-
ject, that we get the idea of its fhape, the eye
only confidering that point of an obje& which
lies in the optic axis, at atime; {o that itis pro-
perly by means of the fenfe of feeling, that we.
get the idea of an object’s fhape. The like may
be obferved with regard to the fituation, motion,
&c. of objects. With refpect to hearing, we.
probably gain an idea of the fituation, &c. of
founds, entirely by means of feeling. In {hort,
it is to this fenfe that we are indebted, either
immediately, or indire@ly, for by far the great-«
eft 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 fenfations 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 {ubftance hotter

than
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for the prefervation and happinefs of the indi-
vidual,

Thus, Visron gives information concerning
things at a diftance, which the other fenfes could
take no cognizance of. It alfo acquaints us with
the objects immediately around, in a much
quicker, better, and more accurate manner than
the other fenfes could. To this {enfe objects
appear moft delightfully painted with a thoufand
varieties of beautiful colours, ali which they are
deftiture of naturally, and for which they are
%ndf:bred to the eye which beholds them, Qyp
happinefs was evidently confulted by the Great
‘Creator in this particular,

Hzarine alfo informs us of things at a
diftance, and in many inftances where fight either
‘could not ac 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
€ye, bodies are indebted for the beautiful co-
dours under which they appear to us by that fcnt'é__,
1o the like may be obferyed wich regard to mufic
and the ear. Mere MOEIONs or tremors of the
air, are by, means of this fenfe metamorphofed

ito the moft ravifhing harmony, Another very
'ﬁpital inﬁipce-nf our happinefs having been
confidered by the Creatar. There is fearce 2

: &L greater
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folid or fluid aliment, and the like fometimes -
happens from their being vitiated by difeafe.
The contrary of this likewife alfo often takes
place, efpecially with regard to hunger; it nei-
ther giving notice when nature requires a fupply,
nor is the ftomach, through weaknefs, capable
of turning the food, if taken, into proper nou- -
rithment. 1t may be obferved too, that when a
fever takes place, nature herfelf providently
deftroys the appetite, in order to prevent an
increafe of the diforder.

Lust 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
uneafy kind of fenfation, which provokes us to
the act of copulation. And by that ac, as hap-
pens with regard to hunger ‘and thirft, we at
once get rid of the importunity, and anfwer the
defign of nature. The passions 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 diftinét
fenfations, for thefe refpetive purpofes. Thefe
{enfations however, as well as thofe of hunger
and thirft, feem to be only particular modifica-
tions of fe¢ling. Perhaps thofe of tafte and {melk
are alfo in the fame predicament.
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286 PHYSIOLOG Y.

CHAPTER XVII

OF THE PROGRESS OF LIFE, AND OF DEATH.

MROM the time of impregnation of the
ovum by the male, till the birth, the young
animal in the egg, is continually growing, or
increafling 1n 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 ufvally reckoned about
the twentieth year. The increafe of growth is
greateft at firft, and is afterwards lefs and lefs
rapid, tll the age of puberty is attained,

The reafon of this increafe of fize is, that the

preffure of the fluids is greater than the refiltance

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 dilation 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
{yftem ; whence thofe motions, and of courfe

life, which depends on them, ceafe; and death

clofes the {cene.

* The fluids are alfo in greater proportion to the folids in

youth than in age.
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much muft be left to accurate obfervation ; and

"our conduét muft be regulated by the paft ex-

perience of others, and our own; hence the

" great ufe of practical 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

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 effectsin that
- way, according to the end to be anfwered. Thus,

_manna is merely folutive, but jalap powerfully
‘evacuates alfo the vafcular fyftem, and fo of .
others. The like may be obferved of emetics,

diuretics, fudorifics, and thofe which encreale
_other evacuations. So likewife we can lefien one

_evacuation by encrealing another. If tonics are
~wanted, we have our choice of a like variety.
And the fame may be oblerved of attenuants,
and thofe for other intentions. We even know
the manner in which fome of thefe remedies act;

-Thus, an emetic aéls by vellicating the fibres uf;t

the mufcular coat of the ftomach, thereby excit-
ing it into contraction, whereby the contents of

-that vilcus are expelled. A catharic aéts in a f‘

fim lhl.!'

_defired effeét by a known adequate caufe. If, for
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conflagration; and that no heatwas abforbed from
the neighbouring bodies is evident, becaufe the
conflagration happened almoft in an inftant ; and
bodies are a long time in imbibing heat from
the furrounding fubftances, as is evident from
a mixture of fpirit of nitre, and fnow; the ca-
pacity of which being increafed, does not become
faturated till after a very confiderable time.

No one, however, will difpute that the heat
in the above inftances came from the mixture of
the mitre and the inflammable body+ and I 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 inflammable body abforbs in
lieu of its phlogifton) becomes then difengaced
fire, or fenfible beat, agreeable to the theory
above premifed; and which I was led to by the
confideration of the analogy of water or moaiffure
in like circumftances.

Though therefore Mr. Morgan, and others,
have found that phlogifticated and dephisgifticated
airs have not their capacities for containing beat
fenfibly different, the latter may neverthelefs
contain a very great quantity of fire in a ftate of
¢hemical 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,
&e, 1.

If
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300 POSTSCRIPT.

quantity of dephlogifticated air contained in the !
arterial blood of animals, feems to be in the di- |4

relf proportion to their eat, and in the inverfe

proportion to the irritability, or difpofition to

contraction 1n the moving fibres. Thus, fithes

breathe lefs air than amphibiz*, and thofe lefs
than land animals; and their irritability is, [
think, held to be in the contrary order; for
which reafon alfo, it feems to be that the motion
or pulfe of the blood in the aortic fyftem is lefs
in fithes than in land animals, {o as to give lefs
ftimulus to their fibres,

To animal motion two things are known to-
be eflentially neceflary, viz. irritability in the
fibres, and a ffimulus in the blood. The great and
principal ftimulus emiployed by nature in the
blood is beat. 'The influence of this ftimulus is
obvious from hence, that.if the heat of the blood
be encreafed (as in fevers) the action of the fibres
1s alfo'encreafed, and vice verfa, FHeat therefore
7s abfolutely neceflary to the continuance of the vitat
motions +. And we alfo find that the heatis in the
inverfe proportion to the irritability, as hath al-
ready been obferved. But to {fupply this heat,

* 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 voluntary mufcles require an additional ftimulus from
the brain or nerves. Yet they muft be previoufly prepared for the

-aftion of that imulus, by beat. See Effays on Bhyfiological Subjel?s.
vHIAgup Ir@fpﬁm—_
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