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sweeper,* which was s0 diverting ‘ﬁ) y;ml(‘m]ilpgg?s :n,
i me with another exce _ !
fWurms;sou can guess the sense,’ am'l.dlscc%‘!fﬁeﬂ;i?glf
is éfiactl expressed in the proposition Omakjng -
map you feel a very senmhledpl.easure ?;;us e A
' insipi incongr :

i ry; but insipid an g migimas
_di-s:g::e};’gne. Such are, if I may 1113\3 (fillﬂsxlxét;: fo
5 dse, the true principles on which de sians e
p ezti,n the excellency of musical compost
sp

founded.
6th May 1760.

T,eTTER IX.—COMPRESSION OF THE Aam,

i had the

olanation of sound, which I have .
THE’ :jp I‘fslent to-your Highness, leads m% fo;vqala;ri

o e articular cansideration of air, whic ,11
g m%r: Fible of a movement of wbrauonﬁ suc 'nis.
Eﬁfﬁi w};ﬁch musical strings, bg]]s,hfmd ¢I:|1tc ]fsls isoqn o-
rous bodies. are agitated, fransmits & edco o
s, 1t will be immedmtely asked, w fait]

%?ildsjnes not appear at first sight to be a mat¢

hstance. As we perceive no sensible body in 1t
su .

i hat-

i {0 contaln no matter w

nding space seems -
sur];.ou We"fel;l nothing ;. we can yvalkgh:n:iii ]]lgtest
ove .yli_mb in it, without experiencing i om-g}'mnd
opst ve only fo move ¥ :

. But you have only ic :
Ob?tﬂfleto be sexzsible of some res_istam{)e, ?ildtevfal;) ‘Icg
g 'ye a stream of wind _exmted_ y lsa Jepid
D e i. Now the wind is nothing & fe -l'lduc_
mov?.menoéion_ and seeing it i§ r.:apabg {) tplgoubt
nllgt :;f:;ts 50 s:urprising, how ig it g_oii;}:szclgeﬁﬂy L

ir i erial substance, an
that air is a mat : N
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bedy ?.. For the terms dody and matter ave synony-
AMOUSceie .. .
Body: is divided into two great classes, solidsand
' ..Lhe-air, it is evident, must be referred to the
ass.of flnids. It has several properties in common
th water ;. but it is much more subtile and fine,
Hixperiments have ascertained that air js about 800
timeszmere subtile and more ravefied than water ;
and that:if air were to be rendered 800 times denser
than it is, it would have the same consistency. as the
other fluid. A principal property of air, by which
it3s distinguished from other flnids, is its quality of
being compressed, or reduced into a smaller space,
. This is demonstrated by the following experiment :
Take 2 tube of metal or glass A B C D (Prame 1.
Fig.:2.), close shut at the end A B, and open at the
ther; into which is introduced a piston P, illing ex-
yuthe cavity of the tube. .Qn pushing the piston
inwards, when it has arrived at the middle E, the
-which occupied at first the cavity A B C D will be
- 1educed one-half, and cansequently will have become
~fmice.as.dense. If the. piston is pushed still farther
as.far as F, half way between B and E, the air
be reduced to a space fonr times smaller than af
srand. if you continue to drive forward the piston
&,.50 that B G shall be the half of B F, or the
th:part of the whole length B

D, the same aiy
in.the beginning was expanded over the whole
i¥ of the, tube,

will be contracted to a space eight

es., smaller, Going on in the same manner to
ntract it into a space 800 times smaller, you will
myan_air 800 times denser than ordinary air,
yuld then be as dense as water, which it would
23% to prove by other experiments, Hence it
s that air is a flnid substance, capable of com-
01, In other words, of being reduced to a
ace; and in this respect it differs entirely
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fom water. For let the tube A B C D be filled
with this last finid, and attempt to introduce the
piston; you will find it impossible ta drive it forward.
Employ what force you may; you will gain nothing 3,
the tube will hurst sooner than you can reduce the
water to a space sensibly smaller. 'This then is the
essential difference between air and water: the lat-
ter is snsceptible of no compressian, but alr may be
compressed to any degree you please. The mor¢
the air is compressed, ‘e denser it becomes ; thus
the air which accupied a certain space, when cofil-
pressed or reduced to half that space, becomes twice
as dense ; if rednced to a space 10 times smaller, it
is rendered 10 times more dense ; and so Ol
have already remarked, that counld it be rendered
800 times more dense, it would then be as dense as
water, and consequently as heavy; for weight in-
creases in the same proportion as density. Gold,
the heaviest substance with which we are acquaini~
ed,* is likewise the most dense. It is found by ex-
periment to be 19 times heaver than water; 8o
that o mass of gold, in the form of a cube of one foot,
would weigh 19 times 3 mass of water of the same
dimensions. Now such a mass of waier weighs 70
pounds ; fhe mass of gold therefore would weigh 19
times. 70, that is, 1330 pounds. Ti follows, that
were it possible to compress aiv till it were reduced
to a space 19 times 860, thatis, 15,200 times smalley,
it would hecome as dense and as weighty as goldi}
But it is very far from heing possible to carry the
compression of air to that degree. You may at first
without difficnlty drive farward the piston, but the

# Plgtinnm, = metdl discovered since this was writién, i3 22 times

heavigr than water.—Bn.
% Beveral different isinds of air, such as chilorine, sulphuretted hydrpgen.
nitrous axide, sulphurous aeid, carhonic acid, eyanogen and euchiorine, heve
been very recently converted by Mr, Faraday inio liquids by pressure.——HD.

E&;m;ezﬂzi, rmlld before you are able to reduce the air
i 10p (‘i}ﬂ 0 times smaller, such a force must be
uug)o m%i “as would burst the tube, unless it were of
Hacom (:llzcinen‘gth. And not only would such a
A svss;ll ilt% drive the piston farther, but an
oqual _be requisite to keep it in '
iﬂaei ; Di;t;x;. gSI; tc}ile 'Shgh::flSt relaxation ofpthe pogg:t
“thes ed air would drive it backw .
d dri ard.
| ,iu§;1?tscc;mpressec1 the air 15, the more violent arg‘:]:lltg
Th1s - owiexpand, and to recover its patural state
e whiciiltI ;ia ;2]1 t}:le 1;spring or elasticity of the
al : se to treat in my ne ’
10t May 1760, y et letter

- LETTER Z.—Rareracrioy anp Eristicity ox
THE Afzr,

-Ie.SH;;)E remarked, that air is a flnid about 800
fmes oo breei 3;;1;2%{?1 zhgn t;vater ; so that could water,
without beiy e vapour, be expand '
Withor ; s anded »
6fs£§§:eso many times greater, and coul% it beczflf;
g bon quence so many times more subtile, it would
; f'ath:‘ 51]1]311131' consistence with the air :which we
ﬁm;,—--th;n, ofut uaj.ic-l_r ‘_has a property which water has
sp;iée o fsb ering compression info a smaller
' strate(zi inetulllg propo(;‘tmnably condensed, as I
onstrated in the preceding letter, And i
0 ¢ p1 ] we dis-
caplal,}lg) faéll_'oaf,‘nggilst pr opergy ;10 less remarkable : it
15" ca expandec y
351__1191 [:hus rendered Dstﬂl Pmore sﬁr)iiliea ooy
; Q%']S c]:a.]led the rarefaction of air. )
Y g;;- 1?v% only to take, as before, a tube ABCD
et 1. zg.ng.), at the botiom of which A C, let
piston ;mfi} aperture O, so that, on introdu’ci.ng
:piston as far as to It F, the air may escape by that

This opera-
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aperture without being condensed. The air which.
now occupies the cavity A C E F will then be in its:
natural state; let the aperture O be closélystopped.

On drawing back the piston, the air will’gradually -

expand through the greater space, so that when the
piston is brought back to the point G, the space
C G being double the space C F, the same air which
was contained in the space A CE F will fill a space
twice as great; it will be of course only half as
dense, or, which is the same thing, twice as rare. If
you draw back the piston to the point H, the space
C H being four times as great as the space C T, the
air will become four times as rave as it was at first, as
it is then expanded over a space four times as great.
And corild the piston be drawn back il the space
became 1000 times as great, the air would still equally
expand through that space, and ‘consequently be-
come 1000 times as rave, Ileve then, likewise, ajr
differs essentially from water : for if the cavity A C
T F were filled with water, to no purpose would
vou draw back the piston; the water would contine
to oceupy the same space as at first, and the rest
would remain empty. Heuce we see that the air
possesses an intrinsic power of expanding itself more
and more, which it exerts not only when it is con-
densed, but also when rarefied.- In whatever state
of condensation or rarefaction the air may be, it
makes unremitting efforts to. extend itself over a
larger space, and is continually expanding so long
as 5t meets no obstacle. - This property is called the
clasticity of air ; and it has been demoustr_atei Iby
experiments which T shall presently describe, that
this elastic power is in proportion to the density ;—
in other words, the more the air is condensed, the
greater are its efforts to expand itself; and the more
yarefied it is, the feebler are those efforts. It will he
demanded, perhaps, why the air now in my chamber
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tloes not make its escape by the door, being endow-
ed with: an_expansihility continually impelling it to
CCUPY, veater space ? The answer is obvious,
This would infallibly happen, did not)the external
air make equal efforts to extend itself; but the efforts
of the air of the chamber to get out, and that of the
rnal‘air to press in, being equal, they balance
ich other, and remsin in a state of rest. Had the
xternal air accidentally acquired a greater degree
_of density, that is, more elasticity, it would in part
- farce its way into the chamber, where the air being
‘compressed, would likewise acquire a greater degree
of elasticity ; this emrrent would accordingly last ill
the elasticity of the internal became equal to that of
the external air, And should the air of the cham-
ber suddenly become more dense, and its elasticity
greater than that of the external air, it would force
its way out; and its density gradually diminishing,
its elasticity too would dim.hz.is%, till it became equal
- fo the external air; the current would then cease,
- and the air in the chamber would be in equilibrium
with the external. Free air, then, is in a state of
rest-only when it has the same degree of elasticity
ith that which smrounds it; and as soon as that of

. the one tract becomes more or less elastic than the

adjoining, the equilibrium can no longer subsist ; but
ITthe elasticity is greatér, the air will expand itself, and
slide into spaces where it is smaller : and from this mo-
tion of the air results the wind. Hence it comes to
5 that the elasticity of the air is sometimes greater,
ctimes less i the same place; and this variation
indicated by the barometer, the description of
which merits a particular consideration. I confine
yself at present to these qualities of air, its con-
sation and rargfaction, intreating you to recol-
}“tha._t t'he more condensed it is, the greater power
gxpansion or elasticity it acquires; and that, on
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the contrary, the more it is rarefied, the more this
quality is diminished. Experimental philosophers
have invented one machine for ravefyigg:.air, and
another for condensing it: the former isCalled the
air-pump, the latter the condenser. These machines;
serve to perform many curious experiments, with
which you are already well acquainted. 1 reserve
to myself, however, the liberty of recapitulating some
of them, because they are necessary to elucidate and
explain the nature and properties of air, which, as
they powerfully contribute to the preservation of
animals, and the production of plants, press upom
us the importance of forming a just idea of them.
14¢h May 1760.
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Lerrer X1.—GRAVITY OF THE AIR.

1 mave endeavoured to demonstrate ihat the aix
is a flaid, endowed with the particular property of
suffering compression into a smaller space, and of
expanding into a greater, when no obstacle inter-
-poses. This property of air, known by the name of
spring, or elasticity, from its resemblance to a spring,
which it requires an effort to unbend, and which re-
sumes its form as soon as the effort ceases; is acconi-
panied by another, in common o it with all bodies
in general, namely, gravity or weight, in virlue of
which all bodies tend toward the centre of the earth,
and by which they are under the necessity of falling
down, uniess supported. The learned are very mugh
divided, and very uncertain, respecting the primary
and mechanical cause of this power; but its exibt-
ence is indubitable, Daily experience evinces lit.
We know even the quantity of i, and can measure
it exactly. For the weight of a body is nothing ¢lse
but the power which consirains it to descend; gnd
as the weight of every body may be exacily meashr-

I;gt il GRAVITY OF THE AIR.
ed, we know perfectly well the effect of gravi
thougl} th : cause, or that invisible power whigéﬁvgg;
upon alls dies, forcing them to descend. may be
absolutely upknown to us. It follows, that the more
matter "any body contains, the heavier it is. Gold
:gl;d lead are heavier than wood or a feather, as the
‘gentall more matter in the same bulk, or in Ehe sam{
Xtent. Bu_t as air is a very subiile and thin sub-
stance, and its gravity of consequence very little, this
property usually escapes our senses. Experirc:ents
- however, may be made capable of producing fll
conviction that it possesses gravity. You have seen
hgg the air may be rarefied in a vessel or a tube;
]a,;n ._,b‘y_means of the air-pump, this rarefaction may
~be carried so far as almost entirely to exhaust the
air, and to leave the receiver sensibly a vacuum. Or
_ you may take a tube A B CD (Prate L Fig 4.)
ingo which you introduce the piston F I, so as perfect] -
te-touch the bottom, and to leave no air between th?:
* two surfaces. To perform the experiment with more
gdyantage, let there be at the bottom of the tube a
little aperture G, through which the air may escape
s the. pistor is pushed forward. Let the apertull)fe
then. be closely stopped, that not a particle of air
pady: be included beiween the piston and the bottom
the tube. Having made this errangement, draw
b :the piston; and the external air not béing able
prae its way into the tube, there will remam be-
an:the hottom of the tube and the piston a per-
wacuum, which may be increased at pleasure by
finuing to draw back the piston, You may thus
Inde the alr contained in a vessel ; and such ves-
s:iveduced to a vacmm, being tried in accarate
es, will be found to weigh less than when filled
hoair. . Hence we deduce this very important,
¢lusion, that the air contained in an empty vessel
ILEases, its weight, and that the air itself possesses
. B2

33
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gravity, Were the vessel large enough to contain
800 pounds weight of water, we might discover by
this experiment, that the body of air: Hich fills 1t
would weigh nearly one pound, Henee#we con-
clude, that air is 800 times lighter than water. I
must be understood as speaking of the common air

which surrounds us, and which we breathe ; for you ~

know, that with the assistance of art, air may be
compressed by forcing it into a smaller space, and
its - gravity thereby increased. Were the vessel
which T bave mentioned to be filled with air com-
pressed to twice the consistency of common air, it
would weéigh two pounds more than when empty-
Were it filled with air 800 times more compressed
than common air, it would weigh 800 pounds more
than when empty, that is, as much as if it were filled
with water, The air, then, possessing a certain de-
gree of gravity, though in the natural state of this
fluid its gravity is extremely small, 1t must, however,
as well as all other bodies, tend towards the cenire of
the earth, and consequently it presses on every thing
which opposes this tendency. Tor this reason the
superior air presses downward on the inferior, and
this last undergoes a- compression from the weight
of the whote mass of air which is above it. Hence
it comes to pass, that in these regions the aix has:a
certain degree of compression or density, which is
the effect of the gravity of the superior air; and that
if the superior air had more or less gravity, the air
which surreunds ns would likewise bhecome more or
less: dense. It is thus that the air below supports
the weight of the superior air, and that the more we
ascend the more it loses its density, and rarefies ;
so that were it possible to continue to ascend, the

air would at length be totally Jost, ar would become

so subtile and so ravefied as to be no longer percep-
tible, Were you i0 descend, on the contraryy inte

Lgt.-12. OF THE ATMOSPHERE AND BAROMETER. 35

a very deep pit, you would find the density of the air
_cunt'mua]fl‘;_n.mcreasing, from the increase of the mass
of air prégsing downward upon it. '
i 1Tk My 1760,

H

LErTEr XIL.—OF THE ATMOSPHERE, AND THE
. BAROMETER. :
s...Havine demonstrated that air is a-fluid, elastic,
and possessed of gravity, I proceed to remark, that
the earth is surrounded on all sides by this fluid, and
that the space which it.fills is called the .aimosphere.
i[t:jWould be absolutely impossible .for a perfect va-
euum to exist on any part of the earth’s surface; for
the air of the adjoining regions, compressed by the
weight of the superior air, and making incessant
efforts to dilate, would force itself into the empty
space and fill it.  The atmosphere, therefore, occu-
fpies z.t_he' _whole region which surrounds the eaxth ;
the . inferior air is contimally compressed by the
eight: of the superior air, and that until the. degree
folasticity which results from this compression is
ble.to.form an equilibrium to the compressing power.
Then; although this air is compressed -only in_a
-dgﬂ*_gm_rard d}rection, it produces, in virtue of its
eladticity, efforts to expand itself not only -down-~
mards, but sideways also. For this reason, the air

_insaichamber is as much compressed as the external,

which appeared a paradox to certain philesophers.
JFOI’ they reasoned thus: In a chamber, the inferior
alnis compressed only by the small quantity of supe-
ior-air inelnded in that chamber; whereas. the ex-
gimal air is.compressed by the weight.of the whole
osphere, the height of which is immense. But
~difficulty is at once removed, by the property
shichuair possesses of expanding itself when com-

e
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pressed in all directions. Now the air in the cham-
ber is at first reduced by the external air to the
same degree of compression and elasticify with it-
self; hence, whether I am in my chamher;:or in the
open air, I feel the same compression ; being always
inderstood, that I mean at the same height, or at
the same distance from the centre of the earth. For
I have alveady remarked, that on getting to the sum-
mit of a high tower, or of a lofty mouniain, the com-
pression of the air is less, because the weight of the
superior air is then diminished. Various phenome-
na confirm this state of the compression of the air.
‘Tuke, for instance, (Prate L. Fig 5.) a tube A B,
close at the end A, and having filled it with water,
ar any other fluid, invert it so that the open end B
may he undermost, and you will find that the flnid
doés not run oui. 'The elasticity of the air acting
at B, in opposition to the fluid, supports it in the
tube, But if you make an aperfure into the. tube at
A, the fluid immediately descends ; the air which is
admitted by the aperture acts then from ahove, by
its pressure upon the water, and forces it downward ;
which demaonstrates, that while the tube was close at
top, .it was the. external air which supported the
water in it. And were such a tube to be placed
s receiver, from which the air was extracted by the
air-pump, the fluid wonld instantly descend. The
ancients, o whom this property of air was unknown,
alleged, that nature supported the water in the tube,
from the horror which it has of a vacuum. For,
said they, were the fluid to descend, there must be a
yaeyum at the upper end of the tube, as the air could
find no admission intoit, According to them, there-
fore, it was the horror of a vacaum which kept the

fluid suspended in the tube. Tt is now demonstrat- :

ed, that it is the force of the air which supports the
weight of the fluid in ﬂ;e_ tube ; and as this force has
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~adeterminate quantity, the effect cannot exceed a

certain limit,

STt s fqpnd by experiment, that if the tubé(A Bis
more than 83 feet in length, water will no longer

- remain suspended in it, but will run out till it come
. . S
*. to the height of 83 feet ; the space left at the top will, of

eourse, be a real vacuum. The force of the air then
-ﬁﬂpnot support water in the tnbe at more than the
eight of 33 feet ; and as the same force supports the

- whele atmosphere, it is conclnded that a column of

the:atmosphere is of equal weight, the base bei
.ﬂqugl with a colommn oquater 33 féet high, 1f] llxlllg-
stead. of water, you were to use mercury, which is
Aitimes heavier, the force of the air could support
itin. the tube at the height of only 28 inches ; and if
yon go. beyond that, the mercury descends till its
lle;g_ht corresponds to the pressure of the atmosphere
ledving the space at the top of the tube a vacuum. Such
;:gube close above, and apen below, being filled with
amercury, forms the instrument called the Barometer,
by means of which it has been discovered that the
at;posphell'e is not always of equal gravity., For its
al. gravity is ascertained by the barometer from
height of the mercury, which, as it rises or falls,
eates that the density of the air, or the pressur;
1e atmosphere, is increasing or diminishing.
20tk May 1760.

ETTER XII{.—Or Am-Guns, anp Tar Con-
© ' PRESSION OF AR 1¥ GUNPOWDER.

4VING explained that remarkable property of
wehich is denominated compressibility, by meens
ﬂhl,:eh.,lt is reducible into 2 smaller space, we are
bled to.give an acconnt of several productions of

Q__h;n_atm:e and art. I shall begin with an explana-
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though I have no doubt but you
are well acquainted with that instrument. Its con-
struction is similar to that of the common gun; bui
instead of powder, we employ, condensed air to dis-
charge the bullet.

Tn order to comprehend the process.of this opera-
tion, it must be observed, that air.can be.compresse
only by a force proportional to the degree of con-
densation which you wish to obtain ; in this state it
strives to extend itself, and the efforts which it makes
are precisely equal to the force necessary o reduce
it ta the size which it actually occupies. The more,
then, that the air is condensed, the more violent.are
sts efforts ta dilate; and if the air is raised to 2 den-
sity twice as great as when it is free, which is the
case when we reduce it to half the space which it
oceupies in its natural state, the force with which it
endeavours to expand is equal to the pressure of a
column of water 83 feet high. Figure to yours f
a great cask of this height filled swith svater; this
Awd will undoubtedly make 2 ‘stronger pressure on
the bottom of the vessel. 1f you make a hole in it
near the bottom, the water

tion of the air-gun,

il he abundantly sensible of
this pressure of the water.  The bottom of the cask
custains thronghout a similar pressure. Now a ves-
sel containing air twice as dense as that of the atmo-
sphere, must undergo precisely sich a pressure; and
:f it were not sufficiently smong to sustain it, wonl

buorst. The sides, then, of this vessel must be as
strong as the bottom of the cask I have mentioned.
If in the same vessel the air were
Jense.as cOMIMON air, the force with

with your finger, you

sustained by the bottom of

will force itself out with?

considerable violence and on stopping the aperture '

three times as
which it would
act upon the sides st be increased in the propot-
tion of one more, and wonld be the same which is
a cask full of water of 66
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foet | . . .
foicen;a Iiil%l;t.vm;(ogl:ew;ﬂl Ezs%ly conceive that this
FCEe Ius - reat, and that it mnst in-
: | L, ust go o -
dléggi;gg;g ;?ctcl)fdsamet -ratloi‘ a]cicordi_ng to thegdiﬂirall'é?lt
: ensation of the air. This bei i
down, there is Ry Tt
C , at the bottom of the aix: i
] 11
Eﬁl;g;y 5'01't1ﬁed on all sides, into which I::?h: ﬁlii
~more and more compressed, in ord ;
mo : sed, rder to reduce
iha?gl;: degree of density as the force employeétfz?'
that t}l;) wlijl?S:h canl admit. The air confined in this
T ereby acquire a prodigious power to
ﬂye:oﬁ‘rwithout; and if an_aperture 1s made, it will
< A jsa,s llrs]llomty proportional to that power.
e an aperture which terminates in
tHeHe tube into which the ball i
e 18 v i
is :Io;:ly stopped ; but when you wish io d})s]rlzgar I;
’ "s'hug it;e_, y(gl open, for an instant, the valve Whigh
s It azﬁlth;he 19.11'. 1'1151}1]1111@1 forth, forces out the
: velocity which we remark i
ing. Every time i e e
ne you -discharge, the valve i
I_girier;honl¥ a single moment; a ,certai.n qualiiitkepg'
;- W]fj_:{e ore,'anfd no more, can escape, and eno)::,c:h
will remain for several shots. But i
ot hots. on dischar
. g;lfﬁgl ' and corresponding elasticity dlmuilsghe’
o thalr? t;‘leeasign, the lgltter discharges are les;
cible ormer, till the force 15
tunzly :e%hausted. _ Were the valve to ren?:jlietl)lgth ‘
7‘.::.1_1;11 _exila.ble time, more air would makep‘iatlg
5-1:1 l;on ltlﬁ I‘;V;iluld all go to waste; for this force
Aols npon ases0011 orﬂxtwhlle it is in the barrel of
lengun as it is shot off, it i
; ) ) s usel
v E?tP;f)ssz%slfoi the air. Henqe’ it appearsesfh:g:
><it possible to carry the condensation f thi
10 Of
o -1:2?:;1 cﬁa; farther, ﬁ3‘rou would produce f:gj;
“gun. same effects T i
& h;n_nous in common use. o from the. guns
d%-_sén;;fferqt of artillery is accordingly founded on
he principle. Gumnpowder isonly a substance,
-
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ores an air extremely con-
here the same operations

the air, but car-

which contains in its P
densed. Nature ]%roduces e
ich we employ for coynpre ) :
::‘;E; g:te condgns)s;tion to a much O'I}eIi degle_i{es D
that is necessary is to open the little csw:1 s in
which this dense air i_s gonﬁned, that blt meszrms "
Jiberty to escape. 'This 1s performed yl mes- R
fire, which bursts open these little enve fPi : the
aty then suddenly files off VEI}]: airlxscl:ed.;biz :1;311(:1:- tgxiti}é-
re 1 ets an in I
-{Qrsciemllars'be?;i];;th;vlllllich we have remarked_ in the case
3;' the wind-gun, but with much' greater 1mpe.tu£sztg(é
Here, then, are two vm-yfgq:prg};:ﬁ iﬁaﬁctssil -Pgllz ] (%E d
from the condensation ol air, A e
:. the one it is the work of art, and
fﬁgcjgh;%i;? :;li'1 pature. We see therefore it thlS;
as in every thing else, how infinitely tht? o;::ll;.a;tlon
of human skill are surpassed by those of nature.

94th May 1760.

1LETrER KIV,—Tar ErsucT PRODUCED BY %_IEA~
anD Corp oN ALL BopiEs, AND OF THE IYRO®
METER AND THERMOMETER.

ties alfeady mentioned, air has

Besipr the proper y : hes
 VETY T Jeable quality n comamon o
another very remarkable ¢ , i:gfuCh sommmon Y

i ies, not esceptmg &
gllgakilalt%lgoctfn’ge produced on 1t by heatdfmd 1;:011];‘1
1t is observable, in general, that aﬂ;oblisi) . ?1 oigx
heated, dilate or increase 1ol sme: s th?cker fron
made very hot, is somewhat 10¥lgﬁl‘ ATy ke
when it 001%_&'1‘113;131-3:{? igli‘;?;:n‘:hg slightest
Puyrometer, which accurately ates the S on
dfferences of length or shortness thal or of Tron

hich it is applied. You know tha
;]rjlld;r\%g:gh? s::;ne of the twlf)}}{)eels move very slowly,
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thongh they communicate motion to others which
- revolve with counsiderable rapidity. By a similar
Hi;ﬁi?lmnism it is possible, from a change almost im-
pereeptible, to produce one very considerable, as is
© the case of the pyrometer which I have jnst.men-
- tioned. It has an index, which runs over a very
considerable space, on the slightest change produced

- in the length of the body on which the experiment
igmade, On applying this instrument to a bar of
i¥on, or any other metal, placed over a burning lamp,
the index is immediately put in motion, and shows
that the bar is becoming longer; and as the heat
increases, the bar likewise increases in length. But
gtingnishing the lamp, and the bar growing cold
agaim, the index moves in a contrary direction, and
thereby shows that the bar is growing shorter. The
difference, however, is so slight, that without the
elp of this instrument, it would be difficult to per-
‘ceive it. Yet this variation is abundantly percepti-
le in the motion of pendulum time-pieces. The
nse of the pendulum is to regulate the motion, If
you lengthen it, the clock goes slower; and if you
Horien it, the clock goes faster. Now it is remark-
that in very hot weather all clocks lose time, and
portionably gain it in very cold weather; which
arly demonstrates, that the pendulum is length-
enéd or shortened, according to the temperature of
theair, - '
All bodies undergo this alteration; but the quan-
differs greatly, according to the nature of the
stance of which they are composed. In fluids,
ecially, this variability is very perceptible. To
tain it, take a glass tube, B C, (Prate L. Fig. 6.)
gined at the end B to a hollow ball A, and let it be
filled with any liquor you please up to M, On heat-
the ball A, the liquor will rise from M toward

- when it becomes cold again, the liquor will fall

i
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toward B. 'This clearly proves that the same liquid: ¥ilnss tubes filled with mercury; but their

occupies a greater space when it is heated, and a tioi;-and the principles on wjlflsichl;he;:e;ecf%?lslﬁug-
smaller when cold. It is likewise clear, -that this ghesentively different. This quality of hodies exte :
variation must be more perceptible, when the ball is sion-by heat, and contraction by cold, belongs lj]ilg‘
large,. and the tube narrow. For if the whole mass wise-in a very superior degree to ai;. I sh%tll ex—

of liquor increases or diminishes by a thousandth I_llﬂm it at greater length in my next letter,
; 2Mth May 1760.

part, that thousandth part will occupy, in the tube,
a space great in proporiion to its narrowness, Such
an instrument then is exceedingly proper-to indicate
to us the different degress of heat and cold; for if
the liquor rises or falls, it is & certain indication that
the heat is increasing or diminishing. This instru-
ment is called the Thermometer,™ which points ont
the changes that take place in the temperature. of
the air, and of the bodies that gurround ws. It '
must not be confounded with the Barometet, whose
use is to indieate the gravity of the air, or rather the
force with which it is compressed. This caution is
the more necessary, that the barometer and thermo-
meter have a considerable resemblance: being bioth

ETTER XV.—CHANGES PRODUCED IN THE ATMOS~
PHERE BY HEaT anp Corb.
Hear and cold produce the same effect on ai
tepery other body., Air is rarefied by hga?r{alfg
géndensed by cold. From what I have said of the
elasticity of aiv, you easily perceive, that a certain
i Guantity of this fluid is not determined to ocecupy
‘Ghlya certain space, as all other bodies are; but by
trre it has a perpetual tendency to dilate, and

agtually doe nd i :
~g) Etécﬁ. s expand itself, as long as it meets no

© Of this instrument there are theee Ionds now in use, viz Fahrenheit's,
Rearmur's, and Celsius’ or the Centigrade thermometer, In the first 6@
these, which is used in Rritain and North America, the freezing point ig¥
at 395, and the hoiling point at 2120, the intervel being 1800. In Reau-
sraer's, whiels is used in Switzerland, ltaly, and part of Germany, the seale
begins at the freezing point, and the boiling point is pleced at 80% theinier-
val being 809, Inthe Centigrade thermometer, which is used in France,
Sweden, md Depmark, the freezing point i at 0% and the boiling; point
at 100.

The freezing point of the thermometer is immoveahle, uuless when the
pulb containing the mercmyy has changed jts form, which has been vecently
supposed to take place in consequence of the vacuum ghove the mereury,
which exposes the bulb to the pressure of the atmosphere. The boiling
point is, however, varizble, depending on the pressure of the atmosphere.
Near the surface of the earth it vavies 10 of Fahrenheit, for every 530 fee
of altitude, or for 0,589 inches of the barometer. By measuring therefor
the temperature at which water boils, we may determine the height of th
place. ~This method was firsé snggesied by PFahrecheit and Cavallo, bt has-if
been perfected by the Rev. F. J. H. Wollaston, wha haa given zn account of &
this thermometrical barometer in the Philosophical Transactions for 1817, 7
p. 183.—En.

N L3
his property of air iy denominated Elasticity
-this ﬂmq is confined in a vessel, it makes ef--
in. every direction to burst it; and these efforts
reater or less in proportion to its condensation
& We come to this conclusion,-that the elasticity.
Liairis I exact proportion to its density; fo that
..,Whgntlts density is doubled, its elasticity is likewise
ubled ; and that, in general, a certain degree of
sticicy corresponds to a proportional degree of
ty.: It must be remarked, however, that this
_:iplace no. longer than while the air preserves
game degree of heat. Whenever it becomes
ev, it acquires greater power of expansion than
corresponded to its density ; and cold produces
pposite effect, by diminishing its expansive
er. - In order then to determine the elasticity of
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a mass of air, it is not sufficient to know its density %
you must likewise know its degree of heat. In order
Yo set this in a clear light, let us suppose two cham:
bers closely shut on all sides, but urglted by a do;)f
of communication : and that the heat in both is equal.
Tn order to this the air in both chambers must hav_e_
the same degree of density. For were the air Iﬂti’(l)le.
dense, and consequently moreé elastic, In the one than
in the other, part of it would escape from the_onfa,.
and force its way into the othery till the density in
both were the same. But let us suppose that one
of the chambers has become hotter thzu_l "che other, ’(ahe;E
air thereby acquiring a greater elasticity, would o .,
ecqurse force itself into the other, and reduce,that -
which it fonnd there into a smaller. space, till the
elasticity in both chambers was brought to the same
degree. During this change there will be a current
of air throngh the door, from the chamber which is
more, into that which is less heE-ltEd; and when 11’1:]13
equilibrium is restored, the air will be more rare lex
in the warm apartment, and more condensed in the
cold; and yet the elasticity of both will be the same.
From this it clearly follows, that two masses of air o
different densities, may have the same g]as_tmlty, when®
the one is hotter than the other; and this circumstance
taken into consideration, it may happen, that with
the same degvee of density, they may be endowed with
different degrees of elasticity. y
" What I have said of two chambers may be applied :

e

to two countries; and hence it may be concluded,

that when one couniry becomes warmer th?.n the
other, there must of necessity be a corrent of air from.
the one to the other; and from this resulis. the
mlg;:re‘, then, is one fruitful source of fvin_ds, ﬂmu%
there are perhaps others,.whlch consist, in the d L
ferent degrees of heat which prevail in different re-

“less. violent winds are.
reptible at the summit of very high mountains;
iliere-perpetual tranquillity veigns; from which it is
ampossible to doubt, that at considerable elevations,
the air js always in a state of rest. Hence it follows,
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gions of the earth ; and it is demonstrable, that the
rhole air which smrrounds the earth could not be in
; state .of rest, unless that, universaily, at equal
aights, there were found the same degree, not only
iiidensity, but likewise of heat, And should it
happen that there were no wind over the whole sur-
face: of the earth, it might with certainty be con-
luded, that the air would likewise be every where -
ually dense and warm at equal heights. Now as
this never happens, there must of necessity always
bewinds, at least in some regions. But these winds
are; for the most part, to be met with only on the
surface of the-earth; and the higher you rise, the
Winds are hardly per-

hat in regions remarkably elevated, there universal-

prevails all over the earth, the same degree of
ensity and heat; for were it hotter in one place
an in another, the air cpuld not be in a state of
t. And, as there is no wind in these elevated
ions, it must necessarily follow, that the degree
heat there must be always the same; which is a
¥ surprising paradox, considering the great va-
tions of heat and cold which we feel on the sar-
e of the earth, during the course of a year, and
n of one day; without taking into the account the
grence of climate, that is, the intolerable heats
et the equator, and the dreadful cold which
pstantly prevails towards the poles of the earth.

Experlence itself, however, confirms the truth of this

onishing fact. The snow and ice remain equally,
er and winter, on the mountains of Switzer-

and are equally unchangesble on the Cordilleras

ymountaing of Peru, sitnated under the very
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equator, and where there perpetually reigns, never-

that of the polat

a cold as excessive as the -
theess, mountains is 4%

{ i [ these
regions. The height of
i iles, or 24,000 feet. . nay
1:]?(:] gv}v-:lst}lll ::I;]l];ﬁdence, concluded, that were 1t poslsjlblg
for us to ascend to the height of 24,000 feet, a od\;e
the earth, we should always meet with the same de-
gree of cold, and that cold. exqesswe}y severe.d e
chowld remark there mo sensible difference ]erp.
cither summer or winter, under the ec_;[uatcfr, }(:1 nteir
the poles. At this height, and still hlghe1,lt e state
of the atmosphere is umx_lersally, and at al 5{3515:3111{5,
the same; and the varia!:lons of heat and cole al_e—
place near the surface of the earth alone. | I%l is only
‘0 these inferior regions that the eﬂ'e;:t of the rays
of the sun becomes perceptible. You have% ﬁp
doubtedly, some curiosity to know the reason o this.
It shall be the subject of the following leiter.

81st May 1160.

Lerrer XV]I.—Tue CoLp FELT ON HIGH Moux-

‘ ED FOR.
TATNS AND AT GREAT DEPTHS ACCOTJNT "

- : fising we should feel the
It appears very Smml;ﬁ"’rihg?zns, oo e heve
say 24,000 feet ; consider-
with respect to heat on the %
in different climates, but i the same ;

same degree of col@ n
ryisen to a certain height,
ing that ithe nw{ariations
iill‘ltxlllér;:) ‘;: di%erent seasons. of the year, are 51(; };Ei
ceptible. This variety, which takes pla(_;e atd e sur
face of the globe, is undoub_tedly occ3519neinﬂ ye.nc
sun, It appeavs, at first sight, that his infine;

must be the same above and below, especially when’;

we reflect, that a height of 24,000 feet, thoughdv(:l;
great with vespect to us, and even far beyond th

height of very lofty mountains, is s mere nothing |

Trom this it may

We .

- Let. 16, AND AT GREAT DEPTHS. EY
ompared to the distance of the sun, which is abeut
- nipety-six millions of miles. This is, therefore, 2
very important difficulty, which we must endeavour
“to solve. For this purpose I begin with remarking,
" hat the rays of the sun do not communicate heat to
any hodies, but such as do not grant them a free
passage. You know that bodies, throngh which we
can discern objects, are denominated transparent,
Beflucid, and diaphanous., These bodies are glass,
¢rystal, diamond, water, and several other liguids,
though some are more or less transparent then
others. One of these transparent bodies being ex-
posed to the sun, is not heated to such a degred as
jady not txansparent, as wood, iron, &c. Bodies
tiransparvent are denominated opague, A burning-
-glass, for example, by transmitting the rays of the
un, sets on fire opaque bodies, while the glass itself
s not sensibly heated. Water exposed to the sun
ecomes somewhat warm, only becanse it is not per-
ectly transparent; when we see it considerably
eated by the sun at the brink of rivers, it is because
e bottom, being an opaque body, is heated by the
s which the water transmits. * Now, every heated
dy communicates that heat to all adjoining bodies;
water accordingly devives heat from the bottom.
the water be very deep, so that the rays cannot
trate to the hottom, it has no perceptible heat,
nigh the sun bears upon it.
As airis a very transparent body to a much higher
e than glass or water, it follows that it cannot
ated by the sun, because the rays are freely
itted throngh it. The heat which we fre-
r feel in the air is communicated to it b
ne bodies, which the rays of the sun have heat-
and were it possible to annihilate all -these
s, the air would scarcely undergo any change
. temperature by the rays of the sun: exposed




mosphere is not perfectly transparent: it 1s even
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to it or not it would be equally cold. But the at- arth, as it is contiguous on all sides to opaque bodies,
xwhich the rays of the sun fall. The objection is
I';'and no solution can be given but this: That
¢ air. at Quito, being very elevated, must be much
mare, subtile, and of less gravity than with us; a2pd
he; barometer, which always stands considerably.
-lower, incontestably proves it. i
Air of such a guality is net so susceptible of heat
mmon air, as it must contain less vapour and
ther particles which usually float in the atmosphere;
aﬂ:iwe know by experience that air very much loaded
15, proportionably susceptible of heat. I must here
Subjoifn another phenomenon no less surprising: In
.deep pits, and lower still, if it were still possible
escend, the same degree of heat always and ymi-
rsally prevails, and nearly for the same reason. *
the rays of the sun exert their influence only on
surface of tlie earth, and as the heat which the
.excite communicates itself up and down, this
lect at very great depths is almost imperceptible.
he same thing holds respecting considerable heights.
Bd June 1760. ’

cometimes so loaded with vapours, that it loses al-
most entirely its transpavency, and presents only. a
thick foe. When the air is in this state, the rays of
the sun have a more powerful influence upon 1t and
at it immediately. .
heBut these vapmzrrs rise to mo great height; at the
height of 24,000 feet, a.qd beygnd, the air is so s.u‘bc-1
tile and so pure, that it is perfectly transparent; an
for this reason the rays of the sun cannot 1331m_edm‘geﬂ
ly produce any effect upon it. This air is likewise
too remete from terrestrial bodies to receive a com-:
yaunication of heat from them; they act only upoxn
such as are adjacent. Fence you will easily per-
ceive that the rays of the. sun cannot produce any
effect in regions of the air very much elevated abov
the surface of the earth; and that the same .deg_l'e
of cold must always and universally prevail in suc
regions, as the sun has no influence there, and as ih )
heat of terrestrial bodies canuot be commm_ncated 507
far. This is nearly the case on the sumpit of ver
high mountains, where it is always much colder tha
on plains and in vallies. ]
The city of Quito, in Peru, is fllmost under the;
equator, and were we fo form our judgment from it
situation on the glabe, we would suppose it Oppress:
ed with intolerable heat; the air, however, is abun- &
dantly temperate, and differs very httl_e frem that of
Paris.  Quito is situated at a great he,lg}%t above_the!
real surface of the eapth. In geing to it from: th
sea, shore you have to ascend for several daysj 1645
accordingly built at an elevation equal to that of o
highest mountains, theugh surropnded by1 (_)'r_.hm‘s
still much higher, called the Cordilleras, 'Ihis last
civenmstance would afford a reason for thinking thal
the aiv there must be as hot as at-the surface of thi

#rTER X VII—Or LiguT, AND THE SYSTEMS or
DEscanTes aANn NEWwTON,

NG spoken of the rays of the sun, which are
us of all the heat and light that we enjoy, you
ndoubtedly ask, What are these rays? This is
d question one of the most important inquiries
ics, as from it an infinite number of pheno-

[£-has beens recently found, thaé in descending deep mines, the tem-
$ure, instead of heing uniform, increases considerably, amounting in some -
es to about 120 of Fahrenheit nt a depth of 500 fiet.~~Fn.
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