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GENTLEMEN,

THE lovers of {cience in every
country owe you extenfive obli-
gations. Your labours for the ad-
vancement of natural knowledge,
the rnigorous exatitude which
charalterifes your enquirnes, the
numerous and brilliant difcoveries
to which they have given birth,
ar@*ﬁgﬁeﬁts which entitle you o
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the admiration of your contem-
poraries, and to the gratitude of
pofterity. 'The homage of my
feeble produtions is not an offer-
ing to which I attach any merit,
but a debt that I endeavour to

i
I have the honour to be,
With the moft profound refpect,
GENTLEMEN,
Your moft obliged
And moft devoted

- Humble fervant,

M. ARPICTET.




PREFACE.

THE prefent Eflay, being the
fruit of labours frequently inter-
Iﬁpted; 1s, 1n many refpeéts, an
imperfect work, and would have
been {till more {o, had it been pub-
lithed two yea-rs ago, at which
time the chief part of it was di-
-gefted ; but the experiments I
‘have fince made have enabled me
to infert new fads, and to retify
opinions in which I had confided.
On the other hand it is certain,
thatth confequence of this delay,’

I have
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I have been anticipated in the
fuggeftion of fome of the gene-
ral 1deas contained in the firft
chapter ; Mr. Lavoifier, in the
Elementary Treatife of Chemiftry,
with which he has lately enriched
the {cience, having confidered the
modifications of fire in a manner
very analogous to mine., And al-
though certain paragraphs of my
work refemble, almoft word for
word, thofe of that celebrated
chemift, I have preferred letting
them remain abfolutely as I wrote

them, and as they were read by

Mefirs.
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‘Meflrs. de Sauffure and Senebier,
and {ome other friends, two years
before the publication of the trea-
tife juft mentioned ; as the tefti-
mony of thefe learned men, and
of the perfons who affifted at the
particular courfes of letures, in
which, during the laft three years,
I develaped- the theory, whofe
abridgement s included in the firft
chapter of this Effay, will fecure
me from every f{ufpicion of pla-
giarifm ; and I am too much flat-
tered by finding my ideas coincide
with thofe of that learned acade-
mician, to deny myfelf the plea-

{ure
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{ure of remarking it to my read-
ers.

Having fo long retarded this
publication, perhaps I ought ftill
to have deferred i1t; as it will be
feen that the experiments com-
prifed 1 the fecond chapter, re-
quired to be repeated i other cir-
cumfiltances; and that thofe in the
fixth chapter ought to have been
varied in all the known aeriform
fluids ; but my particular fituation
not permitting me either to difpofe
of my time as I wifhed, or to
forefee with certainty at what pe-
riod I might be able to complete

| 2 | the
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the work, I have preferred pub-
lithing #bis Effay at prefent, -
tended rather to offer new objects
of enquiry to philofophers, and
to point out certain tracks in the
experimental line, than to remove

every difficulty.

CON=-
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ESSAY ON FIRE.

WEAPTER 1.

Introdutiion—Uncertainty concerning
the Nature of Fire—1Its Modifica-
tions may be confidered under four
Points of View—Liberated Fire
—Specific Heat—Laient Heal—
Fire in a State of Combination, or
combined Fire."

§1 THE aCtual progrels of thofe Iatroduc-
Sciences, whofe object is the ftudy of g

nature, promifes rapid fuccefs; and
' B the
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the numerous difcoveries, which are
the confequence of it, and which dif-
tihguith the prefent” century, difclofe
how much we have to expect from the
future. It has at length been felt, that
we ought to attack the tree of Science,
not by the trunk, but by the branches;
that we ought to accumulate falis,
vary them in every poflible manner,
and only recur to Syftems and The-
ories, as to methods of arrangement,
“as to a faint light, which, without
doubt, may conduét us, in the fearch
of great truths, to a certain point, but
which may alfo lead us aftray.

§ 2. Invited by tafte and profeffion
to the ftudy of natural Philofophy, I
have thought 1t my duty to unite my
efforts with thofe of my cotemporaries,
to contribute to the increafe of the
mafs of falts, which {fupport our know-

ledge
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ledge in this branch of Science; and
I' publith my principal experiments,
with their refults, that thefe materials
may be ready to be employed by more
dexterous artifts.

§ 3. Fire, fome of whofe modiﬁca-ijﬁﬁ‘:
tions are the object of the experimentsneeraing
of the prefent Effay, may be cited mof fice.
proof of this humiliating truth, that
our pofitive knowledge is reduced to
facts. The antients had ftrange no-
tions of the nature of this element:
the heat they called celeftial, that of
combuftion, of boiling water, of fer-
mentation, and animal heat, were, ac-

. cording to them, fo many different
kinds of heat. Thefe errors are now
abandoned ; but the greateft philofo-
phers of this age do not yet agree in
their opinions concerning the nature
of fire. Some confider it as a fimple

' B 2 nodi-
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modification of bodies, as a vibratory
commotion 1n the particles which
compofe vifible aggregates, and they
attribute change of temperature to va-
riations 1n the intenfity of thefe vibra-
tions. According to other philofo-
phers, fire 1s a peculiar fluid, fu: gene-
ris, which pafles eafily through all bo-
dies, which 1s prodigioufly expanfi-
ble, and which, in confequence of its
elafticity, or fome other caufe, dilates
all bodies whofe texture it penetrates.
Amongft thofe, who regard fireasa
{fubitance, fome believe it an elaftic
fluid, univerfally diffufed, capable of
vibration ; and by thefe vibrations,
they explain its principal effects.
Others confider 1tas a partcular ra-
diant emanation, emitted by Lot bo-
aies, and expanding around themrac-
coyding to certain laws. Some be-

licve
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lieve 1t without weight; others ima-
- gine that, far from being ponderous,
it lightens bodies with which it is
united. Some efteem it a fimple be-
ing, a true element ; others believe it
a compound. This oppofition be-
tween authorities equally worthy of
confidence, and the little concord con-
cerning falts themfelves, prove but too
well the difcouraging truth I have juft
advanced. Each of the two funda-
mental opinions has its advantages and
its difficulties ; both explain, almoft
equally well, the phenomena ; and, in
the prefent ftate of this {cience, it 1s
not eafy to decide, whether fire is mat-
ter, or only & f{imple movement iIn
matter. The expreffion of gquantity
applied to the caufe of heat, will there-
fore apply to a certain matter, or to a

B2 certain
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ence 1n Oa-
ture.

&t
certain movement, according as either
of thefe opinions fhall be embraced.

§ 4. I confefs I would rather, with
one of the firlt chemifts of our times#,
confider fire, not only as a {fubftance,
but as the univerfal agent, whofe

‘power conftantly modifies that general

law of affinity, which tends to unite the

‘molecules of matter in order to form

agoregates. I am pleafed in confider-
ing the fame body now folid, now
liquid, now elaftic fluid, according as
the expanfive force of fire 1s weaker,
equal, or ftronger than that of the
affinity, which tends to unite 1ts inte-
gral molecules. This idea feems to
me too exquifite, too conformable to
the courfe of fats, and the fimplicity
of nature, to be only an hypothefi.

* Mr. Lavoifier. Mr. De Sauflure has long
taught the fame theory in his Lectures.

§ 5. Heat,
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§'5. Heat, properly fpeaking, is

o2

that fenfation which the prelence of'ts various

denomina-

fire occafions 1n an animate body.tions.

The ftate of an inanimate body, when
it contains fire, is alfo diftinguithed by
this word : for, in this fenfe, we fay,
the heat of red-hot iron. Cuftom has
likewile confecrated an acceptation of
this word, ftill more diftant from its
true {enfe. - Many writers, as well in
our own as 1n the Englfh language,
fignify the caufe by the name, which
thould have been appropriated exclu-
fively to the effe¢t. They call fire it-
{elf, - confidered 1n a ftate of liberty,
beat, and {fometimes the matter of
beat. It has likewife been denomi-
nated fluide igné, and fluide calorifique*.

* Igneous fluid and calorific fluid.

B 4 Finally,
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Finally, the celebrated chemifts, who'
have lately propofed a new nomencla-
ture, call it caloric; a happy expref-
fion, which, without doubt, will be

untverfally adopted.
Itmay be  § 6, RefleCting on the igneous

confidered

;z;i:trst}:?r phenomena prefented by the whole of
view.  the difcoveries made until the prefent
day, 1t appears that they may be clafled

under thefe four heads, viz. liberated

fire, [pecific beat, latent beat, and che-

mical or combined fire ; which fhews us

this element under fo many different

points of view. We may confider it,

. Libers- fiuft, as produced or developed in a
certain place by any caufe whatfo-

~ever, and tending to expand itfelf
around the centre or focxs as an invifi-

ble emanation, which moves accord-

ing to certain laws, with a certain velo-:

city ;- which penetrates more or lefs
readily
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readily all {fubftances it meets; which
occafions the fenfation of heat 1n ani-
mated bodies, and dilates or augments
the dimenfions of almoft all others.
This i1s the igneous fluid, free caloric,
thermometric fire, and, according to
others, beat.

§ 7. In proportion as fire by thists mos
motion penetrates any {ubftance, thelra. |
bulk of this fubftance is increafed ;
and this 1s the moft general naication
of the prefence of fire. To appre-
ciate its gradations, we employ {ub-
ftances, whofe augmentation of vo-
lume 1s as proportionable as poffible
tothe increafe of heat. In this re-
{peét, Mercury has been happily
- chofen. ' According to this principle
we may conceive the ufe of Thermo-
meters : they always admit the pre-
fence of liberated fire, and indicate

pretty



Its moft
conftant
charater.

What is in-
dicated by
the the-mu-
meter.
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pretty exaétly its increafe or dlmmu- |

tion within certain limits.

§ 8. The moft conftant cha.ra&er of
fire in its ftate of liberty is a continual
tendency to equilibrium, or to iffue
from the place where ‘it is in the
greateft senfion, towards that where it
experiences lefs. (I fhall prefently
explain what I mean by renfion.) Thus
all bodies, when heated, are, in fome
degree, in a forced ftate ; the fire re-
mains there chiefly, becaufe it is re-
prefled by the ambient fire. In this
point of view this fluid cannot, in ge-
neral, bereftrained or cobibited, but by
itfelf : the equilibrium which fome-
times refults therefrom 1s called zempe-
rature.

§ 9. It 1s effential to conceive
clearly, - from the commencement,

what fort of indication the thermome-
ter

i
|
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er affords us. = Let us fuppofe a ther-

ometer in a veflel full of water, with
bftraction cf the furrounding air:
the water and the mercury of the ther-
mometer contain fire, which tends to
quit both. If this tendency be equal
in each, the mercury will neither rife
nor fall, on plunging the inftrument
into the water : there will be equili-
brium between thele equal zenfions *#,
and the thermometer will fhew, by the
degree obferved on its {cale, the rem-
perature of the liquid. If the zenfion
of the fire had been greater in the wa-

* I have chofen this word fenfion, becaufe it
has been appropriated to this 1dea by Mr. Volta,
who has ufed it in ananalogous fenfe relatively
to the clectric fluid ; but if I did not fear being
accufed of neolog’fin, 1 fhould much prefer the
word expanfivenc(s (expanfiveté) which renders
much more exactly my idea.

ter
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ter than in the thermometer, the heat
would have been direéted to the in-

ftrument, until it had acquired a ten-

fion {ufficient to refilt a new increafe.
The thermometer having rifen aslong

as the introduétion of fire into the

fubftance of which it is - compofed, ¥
continued, would have ftopt at the

point of equilibrium, and would have
thewn the temperature of the liquid.
Again, 1if the zenfion of the fire had
been lefs in the water than in the ther-
mometer, the excefs would have been
communicated by the thermometer to
the water, until they had acquired an
equilibrium : the thermometer would
have delcended as the heat abandoned
it, and ceafing to defcend, when the
tenfion of the fire in the inftrument
equalled that, which exifted in the

ambient

{
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ambient liquid, it would have again
indicated the temperature of the water.
§ 10. This tenfionof liberated fire, o, what 3
in whatever fubftance it has pene-“®d
trated, depends on two caufes : onthe
degree of its real accumulation, or ab-
{folute denfity, and on the greater or
lefs faculty of the {ubftance in which it
1s accumulated to reftrain or retain 1t ;
faculty which 1s called its {pecific
heat, and of which we fhall by and
by give an explanation. The tenfion
is in diret ratio of the denfity, and
inverfe of the {pecific heat.
Thus we fee how far thermometers
are from teaching us any thing re-
Ry pecting the abfolute, or even relative
quantity of heat contained in the bo-
dies, whole temperature we examine
by thefe inftruments. They only
thew us the tranflations of the igneous
fluid,
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fluid, and fubdivide, into nearly equal
aliquots, a certain part of the entire
{cale of heat, whofe real extent is un-
known.

Precaution O IT. As the thermometer almoft
iﬁéfﬁ:ﬁfalways gives or receives heat, in the |
e manner 1n which we ufe it to meafure
the temperature of bodies, 1t 1s necef-
fary, if we defire that the experiment
fhould be phyfically exact, that the in-
ftrument fhould have fo {mall a vo-
lume, that the quantity of fire given
or received may be neglefted without
any {enfible error.
2nd. Sate  § 12. Let us at prefent {uppofe a
eﬂfﬁ??ea?ig'certain focus, from whence iffues a
conftant and uniform calorific emana-
tion ; let us place, at equal diftances
- around 1t, feveral {ubftances of the
{fame nature and fize ; thefe will aill
be pFnetmted by the calorific ema-

nation,
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“hation, and their temperature will rife
by equal degrees, and will ceafe to
rife when the fire fhall have acquired,
by its accumulation, a tenfion f{uffi-
lcient to enable them to refift”a new
augmentation ; but 1f we place around
this focus at equal diftances different
fubftances of. equal mafs, or equal
weight, and of different nature; as
for inftance, a pound of water, a
pound of glafs, a pound of mercury,
&c., the fire will penetrate them all,
and they will all finally acquire the
{fame temperature, but in different
{paces of time, and by diffimilar de-
grees. This may depend upon two
caules difficultly feparable: the dif-
ferent permeability of thefe fubftan-
ces to the matter of fire, or their fa-
culty of conducting heat, in virrue of
which a longer or fhorter time 1s re-
| quired
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humedted
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quired to penetrate their texture; and

the different faculty of thefe bodies
to contain, or more properly {peak-
ing, to retain the free caloric. The
more this faculty or capacity, as it 1s
called, or affnity, asI think it ought
to be called, 1s confiderable, the more
it will permit the real accumulations
of fire, before the term of equili-

brium, refulting from that accumula-

tion, takes place: fo that when this
equilibrium fhall obtain, although it
may indicate an equal tenfion in the
matter of fire, i1t will not indicate, nor
any thing near 1t, that this equal ten-
fion has for caufe equal accumulations

‘of heat, in the feveral bodies equal in

mafs.
§ 13. I fhall explain thefe confide-

fubfonces, fations, of which it 1s important to

have

- \."l'...“.lll—l—‘—l‘.':.". i
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-have a very clear notion by another
example. '

Let us plunge into a bafon of wa-
ter, at the {fame inftant, a pound of
dried fponge, a pound of blotting pa-
per, and a pound of fome porous
wood. At the expiration of a certain
time, thefe fubftances will be equally
wet, and will have imbibed all the
water they are capable of retaining.
The blotting paper will have been firft
penetrated by the water, as being very
permeable to this liquid. The {ponge
.will be lefs quickly penetrated, per-
haps, for two reafons: firft, becaufe
.dried {ponge is lefs permeable than
.the paper ; {econdly, becaufe it has a
greater capacity of imbibing water,
‘and. confequently, ceteris paribus, it
~will require more time to be faturated
with water than the paper. Laftly,
| C the



(a8 )
the wood will require a much longer
time to be fully humeéted, although
it has lefs capacity, being lefs permea-
ble to water than the other two fub-
ftances.

When we take thefe three fubftan-
ces out of the water, they will be
wet, apparently, in the fame degree,
as well externally as internally ; but
they will be far from containing the
fame quantities of water. The paper
will have abforbed more than the wood,
and lefs than the {ponge.

This is what happens to wvarious
{ubftances of equal mafles and differ-
ent natures, plunged into a calorific
atmofphere, and heated to a like tem-
perature. And I believe this compa-
ron fo exact, that I efteem the affi-
nity of the water which wets, 1denti-
cal to the affinity of the fire which
' heats,
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heats, which evaporates, “which, 'in
geﬂ'&ra_l, produces all folutions *, and
which, as I think, 1s nothing but the
affinity of cohefion, or phyfical affi-
nity, as I call it, in oppolition to che-
mical or elective affinity.

Could we apply an hygrometer to
thefe fubftances, which have ferved
us as examples, at the moment they
are taken out of the water, this in-
ftrument would indicate nothing more,
‘than that they were equallj! humected,
and would leave us ignorant of the
quantities of water they contained:
In like manner the thermometer ap-
plied to fubftances heated to the fame
degree, will only fhew, that the fire
has an equal tendency to abandon
them, but will teach us nothing as to

= Very different from diffolutions.

. 2 the
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the abfolute or relative quantities of
heat which produce this tendency.
However, we fhall know the relative
quantities of water which humected the
three {ubftances, if, for example, we
exficcate them to the fame degree, in
an apparatus proper to colle¢t fepa-
rately the water, which will abandon
each of them.

We may likewife obtain the rela-

tive quantities of heat, contained by
various {ubftances, heated to the {fame
thermometric degree, if we cool them
to the fame degree, in an apparatus
proper to receive and meafure fepa-
rately the quantity of “heat which
‘abandons them during their refrigera-
tion. This may be effetted either by
means of mixture, or by the ingenious
apparatus 1n which Meflrs. Lavoifier

| and

. ey . ; _
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and De la Place # have employed,
with this intent, the fufion of con-
gealed water.

But yet, by exficcating to the fame
degree, the humeted bodies, which
have ferved us as examples, ‘we only
obtain the relative quantities of wa-
ter, which made them equally wet,
and not the abfolute quantities of wa-
ter, which they contained; becaufe
we are far from having procured a
perfect exficcation. In like manner,
by meafuring the quantities of heat
which efcape from the different equi-
ponderent fubftances, heated to the
- fame degree, we only obtain, by an
equal refrigeration, the relative quan-
tities of heat, which produced in them
an equal zenfion, or fimilar thermo-

¥ Mém. Acad., 1780,
C 3 metric
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metric effect, and not at all the ab/o-
lute quantities of heat they contain;
becaufec we are {till far diftant from a
nerfe& refrigeration *, :

Fire,

* In my preface I have faid that I had the
~ happinefs to coincide with Mr. Lavoifierin a re-
markable manner. 1 cannot refift the tempta-
tion of recounting to my reader, what this cele-
brated Chemift has faid in his Elkmentary
Treatife of Chemiftry, wol. I. page 19, which
may be compared with what I have faid
above, two years before the publication of
that work, which makes an epoch in the fci-
‘ence.  ** An example” fays he, ¢ of what
¢4 pafics in water, and fome refleCtions on the
- ¢ manner in which this floid wets and pene-
¢ trates bodies, will render this more intelli-
t gible. One cannot, in abftra& f{ubjefts, too
¢ feduloufly feek affiftance from fenfible com-
¢ parifons. If we plunge into water pieces of
¢ wood of different kinds, of equal bulk, a
- $ foot cube for example, this fluid will gradu-

3 | ‘6 zﬂly
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Fire, confidered in this point of

view, viz. as accumulating in a
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ally introduce itfelf into their pores; they
will fwell and augment in weight, but each
‘piece will admit into its pores a different
quantity of water; the lighteft and moft
porous ' will lodge the greateft quantity ;
thofe which are compact and clofe will re-
ceive only a fmall quantity. In fhort, the
portion of water they receive, will depend,
likewife, upon the nature of the conftituent
molecules of the wood, on the greater or
lefs affinity they may have with water ; and
very refinous wood, for inftance, although
very porous, will admit but little. Tt may
therefore be faid, that the different kinds -of
wood have different capacities for receiving
water; one may even know, by the increafe
of weight, the quantity they have abforbed,
but it will be impoflible to know the abfo-
lute quantity they contain on their being
taken out of it, becaufe we were ignorant
of the quantity of water they contained bes
fore their immerfion.”

C 4 greater



( 24 )

greater or lefs quantty in fubftances
of different. matures, but of equal
mafles, which 1t penetrates, and in
which it acquires an equal tenfion,
has been called by fome natural phi-
lofophers, Jatent beat, and by the
greateft number, fpecific beat. 1t may
be defined with the learned academi-
~clans abovementioned, ¢ the rela-
¢“ ton of the quantities of heat, ne-
¢ ceffary to raife, through the fame
“ number of degrees of temperature,
¢ divers fubftances of equal maffes.”
The expreffion, fpecific beat, appears
moft happily applied. |
This modi- & 14. This modification of fire

fcation

formerly had efcaped ‘philofophers until our
wrknown. own times. 1 find the firft traces of
it in the juftly celebrated work of -

Mr. De Luc, on the Modifications of
| | the
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the Atmofphere *, publifhed in 1752 ;
and it had been already developed in
the leCtures given at that period by
Dr. Black, of Edinburgh. The uni-
ted labours of this diftinguithed che-
mift, of Meflrs. Lavoifier and De la
Place in France, of Mr. Wilkie in
Sweden, of the Chevalier Landrians
at Milan, of Drs. Crawford and ¥r-
wine, of Meflrs. Kirwan, Watt, and

“ I know mot,” fays he, ¢ if we have a
¢ juft idea of what we call equality of differ-
“ ence of heat in bodics of different natures,
“ when we once penctrate beyond appearances,
“ or the indications of the thermometer, It
¢“ 1s very little probable that different bodies,
¢ which are denominated equally hot, becaufe
¢ they keep thethermometer at the fame height,.
¢ contain a fimilar quantity of fire, 1n the
¢“ fame volume or 1n equal maffes.”

Effai fur les Modifications de 1’Atmol-
phére,r § 973. )
Magellan,
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Magellan, in England, have fingu-
larly extended this new branch of
phyfics. They have proceeded by
experiment, and have taken the {pe-
cific heat of water as their unit, and
as their common ftandard. Some of
Tables of thefe gentlemen have given tables of

fpecific heat . :
the {pecific heat of a great number of
{fubftances, both folid, liquid, and

aeriform.

id e Pl § 15. But are they not blameable
the confide-for having neglected, in the compila~
;E:ﬂ?:u:f tion of thefe tables, the confideration
of the volume of the fubftances fub-
mitted to experiment, and for having
referred the fpecific heat folely to the
weight or quantity of matter ? It ap-
pears to me, that to have had clear
~ideas of that modification of fire,
‘ they ought alfo to have confidered the
wvolume. Thus a-pound of air oceu-
pies
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pies a fpace about 8oco times greater
than‘a pound of water; {uppofe there
was neither air nor water in thefe two
fpaces, {o very difproportionate, there
would be 8oo times more fire in the
firlt than 1n the laft, the tenfion
being ‘equal. Let us introduce air
and water refpectively into thefe two
{paces, and confult the tables of {pe-
cific heat, we fhall fee that it only re-
quires-eighteen times and a half more
fire to raife the thermometer a degree
m the pound of air, than in the pound
of '‘water, which occupies a {pace
8oo times lefs. Hence this confide-
ration fhews us much more clearly the
great relative force with which water
retains fire, or its {pecific heat.

§ 16. This fire, retained in the air
by afhinity, may be {eparated to a cer-
 tain degree from that which is cobibized
by



Experi-
ment which
proves the
faculty of
the vacuum
to contain
fire,

{ A0 )
by ambient fire, in the abfolute fpace
which this {fame air occupies, under
a given preflion of the atmofphere.
It 15 in this way that we can account
for an experiment mentioned by Mr.
I ambert, in his Pyrometry, and which

Mr. De Sauffure has repeated in a

recipient perfeftly exficcated *. 1
have alfo made the fame experiment
feveral times. 1f, after having ob-
tained a vacuum in a recetver contain-
ing a thermometer, you give a britk
admiflion to the air of the chamber,
heated to the fame degree that the
thermometer within the receiver indi-
cates, 1t will {fuddenly rife about two
degrees of the fcale of 8o parts. I
adopt, with Mr. De Sauffure, the

explication of this phenomenon, as

* Effais fur PHygrométrie.

1- = £
gﬁ T,,H
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given by that celebrated geometrician :
*¢ 'The heat,” fays he, *“ that is car-
‘¢ ried by the mafs of air which enters-
¢ the receiver, joins that which ex-
¢ ifted already in the fame receiver,
¢ unattached to any fubftance, and
¢ the nfe of temperature is produced
by this accumulation of the two
‘quantities of heat 1n the fame
“ {pace.” The contrary happens
when you brifkly exhauft the receiver;

and this fecond fa&t confirms the ex-
 planation of the former. I have alfo
varied this experiment, by inferting
the bulb of a thermometer in the ex-
tremity of a condenfing pump ; when,
on forcing britkly the fucker, you
condenfe the air at the extremity of
- the cylinder in which your thermome-
ter 1s lodged, you will fee it inftantly
rife about two degrees.

11

11

v 17 Lhe



Beems to
rove that
re is

matter.
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§ 17. The fame experiment feemis
to prove that fire 1s matter, and not a

fimple movement ; becaufe the ther-

mometer, at firft cooled by the ex-
hauftion, afcends again in the vacuum
to the precife temperature of the am-
bient air: if it fhould not be objetted,
that there {till remains {ufficient mat-
ter'in the moft perfet vacuum our
machines can produce, to occafion,
not only heat by vibration in this mat:
ter, but alfo a degree of heat exattly
equal to that which is obferved in the
air and other {urrounding bodies.
Whereas, by fuppofing fire a fimple,
very fubtil elaftic fluid, which cannot
traverfe the glafs without difficulty,

~ the fa& is more happily explained.

What has
been under-
ftood by
the capaci-
ty of heat,

§ 18. Some authors have attempted
to explain the different {pecific heat of
various {ubftances, by making it de-

pend
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pend on-what is called ‘their capacity
of heat, or their faculty of containing
fire in fuch a manner, that it -may be
(to ufe a familiar. expreflion) more or
lefs at its eafe, in their various ftruc-
tures, and may accumulate thefe in
greater or lefs real quantities, notwith-
ftanding it may exert only the fame
tenfion. ~ This expreffion may be
convenient, but it appears to me not
very exat, becaufe the only idea it
offers 1s bulk, which has been expreflly
banifhed in the confideration of {peci-
fic heats.

§ 19. It appears to me, that by ateThe term
tributing the . difference * of i"peciﬁcﬁﬂf?p“.__
heat, not to different imaginary ca{hgz-ﬁ;"; Eiw
citiesy- but to the gffinity, or, to {peak "
‘more properly, to the lefs repugnance
of different fubftances for fire in a

' {tate
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ftate of liberty, we fhould approach
nearer to a true explanation, and we
{hould arrange this clafs of fa&ts un-
‘der the fame laws, which phyfics and
chemiftry force us elfewhere to ac-
knowledge.

It 15 eafily conceived that this af-
finity of bodies with liberated fire,
ought to retain it more or lefs efhca-
cioufly in the bodies it penetrates; and
as the tenfion it will exert, can only
be the excefs of its natural expanfive
force, over the attrative force of the
molecules of the fubftance it has pe-
netrated, the {pecific heat of differ-
ent bodies ‘at an equal tenfion, orin
other words, at an equal tempera-
ture, will be in a direct ratio of. their
forces for retaining liberated fire, or
of their affinities with heat. .~ , -,

LW

§ 20. I have
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§ 20. I have faid, § 12, that the ﬁﬁiﬂ.’,ﬁi
permeability of bodies, or their faculty E?cfpffrﬁﬂf
of condulting heat was difficultly fepa- the [p::r,
rable from their fpecific heat. There
is, however, one means of effectua-
ting it by experiment.
If all bodies were equally permea-

~ ble to heat, the fpaces of time em-
ployed to raife different bodies, of
equal maffes, to a certain temperature

by the fame calorific caufe, ought to
follow a certain law, relative to the
quantity of heat, which has produ-
ced this temperature, or to the {peci-
fic heat itfelf. Hence, the compari-
fon of the fpecific heat of various bo-
dies with the time required to raife,
by the fame calorific caufe, thefe va-

- rious bodies, of equal mafles, to the
{ame temperature, would give, I think,
when this law fhould have been once

D previoudly




Third point

of view,

latent heat,
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'prmm:ﬂy ‘eftablihed; the ‘expreflion
of permbeability difengaged from  thap

of fpeciﬁc heat. 1 do 'net ! believe
woioothat any: e}{pF-nments have yet been

-made with this intent. - 14 1}

§ 21. Confidering fire as the fole

-

agent in the two metamorphofes, in !
which {olids are transformed into li="

quids, and liquids into elaftic fluids,

it prefents itfeif here under a ‘third”

point of view, analogous to the pre-
ceding ; but from which, however, 1t”

ought to be diftinguithed.

- The fame {ubftance, according as

it happens to be 1n any one of thefe

three ftates, not only poflefles-a dif-:-
ferent fpecific heat, but modifies, ©
even in the a& of pafling from one to/+

the other, the matter of fire'1n a very

particular manner.  'We owe this dif-
covery to the immortal Black, who

has
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‘hus named it Jasent heat - The fitnple~
expofition of the phencmena w:li ren-
cler this idea clear. |

st us; - for example, fuppafe o o
piece of ice, cooled until a thermo- s
‘meter, placed ‘within 1t; {lands at
101deg. below freezing point #, then-
_expole thisice to a conftant emanation
of heat which. arrives -by very -equal
degrees. . The thermometer placed in.
thesice, will rife uniformly from 10:
deg. to freezing point, and wzl! there.
{top, although 'the calorific emana-:
tion, continue:the fame, and ought,
appa ently, \to coatinue & raife the
temperature as-before.  This current.
of heat, iwhickr arnives unceafingly,

and: by~equa1 degrees at:‘the Jice; s

o
'*." } ,._ '\-\.\,

**"Ialwaj,'s mean :‘h-e ﬂrdinztry feale jof 8a
EIf"ﬂ‘l"“f:"-, t.'nlefu Iy cm;greﬁl}r mcmmn dnﬂth&‘“

e D 2 therefore
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therefore no longer fenfible to the
thermometer, as{oon as it has been
thereby raifed to freezing point; its
effeét 1s limited to making the ice
¢hange its flate, in converting it into
water, and during the whole courfe
of this transformation, the thermome-
ter remains {tationary at zero.

The fire lofes, therefore, in this
inftance, its faculty of heating; yet
the quantity employed, and appa-
rently deftroyed, in this transforma-
tion, is fo confiderable, that if a ther-
mometer had been placed in a fimilar
quantity of Jiguid water, at zero, in-
ftead of folid water at that tempera-
ture, it would have been raifed in the
fame time, and by means of the fame
heat which was employed to melt the

ice, to near the 6o degree. |
As
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~ As foon as the fufion is completed,
fuppofing the fame calorific emana-
tion to contirue, the thermometer,
now attually in water, will admit
the degrees of heat as they arrive;
it will rife fucceffively, though {ome-
what more flowly than before, when
the ice ‘begant“to ‘meélt. ' This
difference is owing to the {pecific
heat of water, which is a little greater
than that of ice.
" The th&rmometer continues to rife
until at length it arrives at the point
. of ebullition, and there the fame phe-
 momenon re-appears. Notwithftand-
mg the continuation of the calorific
emanation, the thermomieter rerains
ﬁa.tlon&ry at 809, but the water fow
changes its flate. Tt is transformed
into an elaflic flnid, and the poition of
fire, which by its momentary union
D 3 with
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wﬁa, the Watcr, efieCted this metamor-
phofis, lofes its thermometric faculey:
The fame thing happens here that we
have obferved in the preceding cafe,
and an exaét equilibrium is eftablithed
between the afflux. of additional fire,
and its efflux 1n the converfion of wa-
t¢r into an elaftic vapour: -
Fhis heat, thus modified- by tlu:
particular ftate of aggregation 1n ithe
miolecules of the fame {ubftance; in
thefe different ftates, has been named
Jatent beat. It 1s truly latent or hidden,
for it re-appears entirely, and becomes
again free caloric, if we reverfe thefe
changes ;. that 1s, 'if 'we convert the
elaftic fluid into a.lignid, and theli-
qmd into a folid.
The heat is 7§ 2210 Some plnla{bpher% GF the firft
?fﬁ';iﬁii diftinétion’ have conﬁ'&eréd__ﬁrc tnﬂer-
i th1s point of view, as béing  chemi-.

& cally
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cally- united' 'with' the integral parts
of | the' aggregates*. 1 cannot adopt
this opinion. One ought not; I think,
1o -call any union chemical, except
that which cannot be' diffolved, 'but
by the attion of chemical affinities.
Now, in this inftance, the' fire has
not at all loft that tendency to equili-
brium or expanfivene(s, which charac-
terizes it as fire in a ftate of liberty.
“The union it contratts 1s fo {flight,
that the neighbourhood of a cold body
as-{ufficient to deftroy 1t. It lofes, it
s true, its thermometric and calorific
«effect, ‘becaule all 1ts effore, all 1ts
wifusy 1f 1 may be allowed the ex-
preffion, is-employed, is fpent in

‘11 # De Sauflure, Effais fur PHygrom. § 188.
De Luc Idées fur la Metcorologic. T. I.
__§. 213 and 250,

D4 man

% J
!
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maintaining the new modification;
viz. liguidity or elaflicity, which ithas
produced, and in refifting the affinity
of cohefion, between the integral
molecules of the f{ubftance with
which 1t was for 2 moment united,
and to which it has now given a
new ftate. ‘The whole quantity
neceffary to produce this effect,  be- -
comes null for every other purpofe,
as long as this new modification exifts.
As water, which wets and diftends a
fponge, {eems to have loft thofe pro-.
perties which depend upon the action
of gravity; it no longer defcends, it
no longer {eeks its level ; yet it is not
chemically combined, for the leaft:
preffion dlfengages the liquid which s~
retained by mere phyfical or cobefive
afhnity ; {o we obferve a fimilar com= -
bmauon in all the modifications of

five,
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fire, we have hitherto confidered, ‘and -
we fee it iffue from air comprefled by
a condenfing pump, in the experi-
ment cited § 16, precifely in the
{ame manner, as water iffues from 2
{ponge.
§ 23. This ftate of fire appears to It might be

; called
me {o much characterized by that ofthe beat of

the {ubftance which it modifies, that *;%Tﬁ’;*;f‘jf’
I would willingly call the portion of
fire employed, as we have juft {een,

in forming liquids and elaftic va-
pours, the heat of liguidity and the
heat of evaporation, for the fame rea-

fon that we call the water effential to

a fubftance in a cryftalline ftate, the
water of c¢ryflallization ; and 1 thus:
feparate it entirely from the idea of
{pecific heat, with which it has been
often confounded.

§ 24. La{’cl}r;,
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ath. Modia 1§ 240 Lalftly;- fire, without: doubs,

fication*Fire < - . A
as a princi- €X1{ts Intimately’and chemically.com-
{,ﬁ;f};jﬁ_’”‘blncdifin bodies, and forms one; &f
their conflituent prineiples. In this:
cale, 1t:-has-not enlyloft all thermo=
metric and calorific faculty, buealfo-
that tendency to equilibrium, which
it has preferved in all the foregoing
‘modifications ;. and it is {o firmly con-
nected by the ties of chemical affinity,
that no refrigeration can difengage-its
claftieity. - It exifts in this ftate, for
example, independent of {pecific heag,
1n acids, in permanent aeriform fluids;
which- all appear to owe to it their
elafticity ; and 1t is only at the mos |
anent, when thefe bodies are decom=
pofed by the effet of eletive affini~
- ties, 1n order to give place tol.new
combinations, that this fire s liberated
from, thofe ties, that.it {prings with
1ts

I':i_.
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Jes ndtural energy; regains a tendenc:}“ 5 sy
tooequilibrium; and becomes -heat. ... . ..
But this ‘heat rarely thews itfelf en- .
virely';. in'general it partly’ enters
new ‘combinations which coneceal it;
it becomes heat of liguidity, of evapo-
‘ratisn, and thus efcapes our fenfes.
But there are, however, few chemical
mixtures, accompanied by decompo-
fition and new combinations, in which
the temperature 1s not changed, and
in which there is not confequently
a‘ difengagement and abforption of

fire.
b ret i e S . tx Itis fome-
2 25. .Two circumftances occur ' ;'S 0
thefe ‘mixtures : in one, only a new gged from
mixtares,
arrangement of the integral parts of ““hm]l}lha-
ving been,
thefubftances mixt, takes place, which on that ac-

. } . count
occafions the expulfion, or introduc- traly’

__ ! e 5 . combined,
tion of 'a certain quantity of heat;in~
theother, thereis a true decomp@ﬁ-

4

tion
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tion or new arrangement of the éaf:;
Jituent parts. Thus, in the mixture
of {pirit of wine and water, for exam- -
ple; or of water and vitriolic acid,
there 1s a reciprocal penetration of the
LWO li’quias, without decompofition of
either, and an expulfion of a part of
their fire is obferved, which becomes
{enfible heat. The mixture of water
with quick lime 1s of the fame kind;
there 1s no decompofition, as I think,
but there 1s certainly a new arrange-
ment of the imtegral parts; and the
confiderable heat difengaged in this
mixture, may as well be attributed to
the heat of liquidity in the water,
which it lofes in paffing to a ftate, in
fome meafure, of folidity in the lime,
as to the fire combined with the lime
during calcination, and which is dit

' engaged
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engaged by the greater affinity of the
water with lime. Laftly, the mixture
of ice and falt, which decompofes
neither, but which produces a remark-
able degree of cold, affords us an ex-
ample of the ‘abforption of heat; be-
caufe this mixture paffing to a ftate
of liquidity, and not having in itfelf
a fufficient quantity of fire to furnith
its new form, it fuddenly exhaufts the
bodies, which {urround 1it, of their
fire.

In all thefe cafes, we have been
{peaking of fire phyfically, and by
no means chemically combined. There
is no difplay of affinities, except be-
tween the integral parts of bodies,
and {o long as the conflituent parts are
unconcerned, there is no chemical af-
&nity in action,

§ 26. In



At other
times with
'demmpor
tion of the
{ubftances
mixt.

"This 18
what hap=
pens in
mmhuf-
tions,

(1 48:)

- § 26. In the other cafe, the mix=:
ture is accompanied with true decom=<'
pofition, as, for example, when we:!
pour concentrated mineral acids upon
oils ; and as the fubflances, - this:
example, are. {carcely evaporable,
there is enly a very {mall: portion et
fire difengaged, which undergoesy:
new cennectiens, - and the fenfible
heat refulting -from. the mixture: iso
{ufficient to afceirtain the {udden in=-:
flammation of the oil. olavah 10

§:2%., Combuftion, this fo commeon: *
and abundant fource of heat, is:only:!
a chemical decompofition, in-which a |
part of the atmofpheric air lofes the: !
fire that entered its compofition as anx
elaftic: fluid. - This, fice having acry
quired-a, ftate of liberty, diffufes itfelf;
around the burning fubftances ;. a pait, .

entefs into new combinations With thp fl
detuay sl scriform

'.Ij-‘-;_]-..l -
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aefﬁfo-mn-m'ft;lid- produéts of tite com=
buftion, and the reft diffipates 1tlelf as’
{enfible heat.

§28." Finally, one might believe
that'combined fire is fometimes difen-
gaged by a kind of mechanical decom«
ofition of: the bodms i which it is
ontained.

One mrght be tempted to attribute
o this ' mechanical decompofition,
hofe cafes 1n which heat is excited -
¢ developed by violent percuflion or
1¢tion. In particular, I was not far
rom imputing the heat, difengaged: .
y- the' erdinary ‘method of ftriking
ire'with a flint and fteel, in a great
neafure, to the mechanical decompo-
ition of the ambient air, refulting
rom!'the violent contufion it under-
oes between two hard furfaces, which
rike together in' a' manner. the:moft

¢t favourable
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favourable to eﬁb&m&c this purpofe.
I founded my conjeCture upon the
followmg circumftance : having often
obferved, with a microfcope, the frag-
ments detached from the hammer of a
piftol, I had repeatedly fnapped in a
vacuum, 1 had never found them in
melted globules, like thofe obtained,
by the fame means, in the atmofpheric
alr, but always in fimple metallic rib-
bands, painted with the coloursof the
rainbow. It will be feen hereafter, that
1nore’ dire® experiments have con- |
winced me of my error. I {hall there-
fore range fire, difengaged by friction
~or_percuffion, in the clafs of the mo-
difications of this element purely phy-
fical, as may be feen Cnar. IX. |
Fire, under the fourth point of
view, of which 1 have juft given a
ﬂ;etgfl may be called conflituent fire,
combined
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‘eombined fire, elementary fire, and it
‘has often been confounded with /azent
(Do, 3 {
©'§ 29. Although liberated fire, or
fire in a ftate of liberty, has been the
‘chief object of my experiments, yet
‘as the other modifications, I have juft
now fpecified, are likewife interefted
-in them to a certain degree, I thought,
that at a moment, when ideas are ftill
‘unfettled on this capital fubjeét, an
‘endeavour to clafs the principal facts
under a fmall number of heads, and
‘to prefent, in the clearet and moft
ticoncife manner poffible, the charac-
“ters ‘of the different modifications of
" fire, would not be unacceptable.

B CHAP.
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CHAPTER II

Fire and Light bave fome analog ym—
Propagation of Fire in an hori-
zontal Plane—Reafons for ﬁ‘?ﬂﬂ?-
JSing in it a Tendency upwards—
Apparatus for verifying it by Ex-
periment.  Confirmation of this
Suppofition

Fite and § 30. FIRE—, i a ftate of liberty,
fome ans. has fome analogy with light, and dif-
“81:  fers from it in many refpeéts. Some-
times they appear together, but we

often {ee a ftrong light without heat ;

- for example, the rays of the moon
colleéted at the focus of a concave
mirror, At other times we have a

ftrong
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firong heat without light. It is true,
that every time heat arrives at a cer-
tain degree of intenfity, it is accom-
pamcd with light : but it may be faid,
that this light is only a ﬁmple diffufion
of that which appears in the at of
-combuftion, without which a great
intenfity of heat cannot be produced,
unlefs in the cafe where the optic
focus gives heat without combuftion ;
but then it gives, at the {ame time, a
very ftrong light.

What, in, the aftual ftate of our
knowledge, we are able to advance as
moft probable, is, that light and fire
are to each other, as a whole to a part:
fire may be one of the components of
llght or light one of the conftituent
parts.of fire, as the celebrated philo-
{fopher, already quoted, believes #.

* De:Luc, Idées fur la Météorologie. |
| E 2 But
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But thefe fyftematic difcuffions would
detain us too long from our fubje&.
tawby  .§ 31. Fire, difengaged by any of
;Eh;ﬂ;:;_the caufes we have touched upon in
e prquding chapter, 1s propagated
plane. by radiation from the focus where it
was produced. * This faét may be ex-
plained equally well, by fuppofing a
real emanation from ‘the focus, or
fimple vibrations excited at this focus,
in the igneous fluid, confidered as
elaftic, and filling {pace by the fame
laws as fonorous waves. But the idea
of a real radiating emanation offering
fomething more ¢lear to the under-
ftanding, I prefer this expreffion.

It was natural to fuppofe that this
emanation, like all others,’ which
tend from the center to the circum-
ference of a {phere, fhould diminifh-
in intenfity on a given furface, in the
| inverted
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inverted ratio of the fquares of the
diftance. The celebrated chemift,
Lambert, however, has confirmed
this opinion by experiment. He dif-
pofed horizontally, at different dif-
tances from the fame central fire of
charcoal, feveral thermometers, and
- took every neceflary precaution to
-render the experiment exatt ; and he
obferved, that their refpective afcen-
fions were in the inverfe proportion
of their diftances from the fire.

Itis clear, that this law can only have
place in an horizontal plane through
the air; for the prefence of fire di-
lating this fluid, and rendering it
{pecifically lighter, it mounts in pro-
portion as it heats, and carries up-
wards with it the fire, which dilates
it; but this effet being the fame at
. equal horizontal diftances, it makes
E 3 no
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no alteration, as to the refult of the
experiment, in this direction.

Has not fire § 32. But does this emanation really

a natural

tendency Yadiate in_every dire€tion with equal

upwards !

facility ? And fuppofing it to move
indifferently towards every region of
an horizontal plane, may it not, at
the fame time, have a greater ten-
dency to mount, than to defcend ?
This queftion appeared to me, in all
refpects, worthy of fome experimental
inquities. Modern and exaét experi-
ments concerning the apparent light-
nefs of water in a ftate of liquidity,
compared with water in a ftate of fo-
lidity, might have made us fufpect an

_antigravitating tendency in fire, and

thefe conjectures appeared to merit
confirmation or refutation.
For.this purpofe it was neceffary to

‘operate 1n vacuo with a convenient

apparatus ;
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apparatus; for we have juft thewn,
that nothing could be proved by ex-
, periments of this kind ‘made 1in air,
The following appeared to me to pof-
{efs every requifite, and 1 have em-
ployed it with fuccefs.
- §33. it 1s a tube of white -glafs,gglﬂzfs
- two inches in diameter, and 44 inchéstaining this
in length, containing a cylindrical perimune.
bar of copper, 4 linesin diameter, and
33 inches long, fupported in the axis
of the tube by wires properly adapted
for that purpofe, and placed at equal -
diftances from its centre, The two
. extremities of the bar are hollowed
into hemifpheres, to receive the bulbs
of two very fenfible mercurial ther-
mometers; and the tube is adapted
. to an air pump by one of its extremi-
ties, and the vacuum being made, the
“return of air is prevented by a cock,
E 4 perfectly
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perfeétly -air tight, with whxch atas

furnifhed. 3d

It 1s then fufpended by its extremis
-ties in a wooden frame, which is fur-
rounded by a thick pafteboard, de-
figned to defend the tube from the
immediate rays of the fun, except in
the middle of its length, where the
pafteboard is- interrupted for about
two inches, to give paflage to the
cone of rays, proceeding from a lens
of a foot diameter, and 19 inches fo-
cus, made by the famous Parker of
London.

From this difpofition it is evident

that the acion of the lens on the mid-

~dle of the bar will heat i1t; that this
- heat will be propagated along it, and
will proceed from the centre'to the ex-
tremities.  If, therefore, "the fire
{hould mount more readily than de-

{cend,

ey TT

e i e B o i I

w
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fcend, the fuperior thermometer wiil
be fooner heated, will rife: higher,
and, ceteris paribus, will cool’ more
{lowly than the other. _
1 expofed the apparatus, during
half an hour, to the general influence
of the {olar rays upon the pafteboard,
and upon the fmall portion of the
tube  left naked, before I began the
~experiment, in order to difengage the
refult of the particular influence I
-fought to difcover from this general
effect,
I operated 1n the Obfervatory at
Geneva, a large lofty room, where
no accidental heat could modify the
refult. I was affifted in thefe experi-
ments by two learned philofophers,
 who honour me with their friendthip,
wviz. Count Andreani, who was then

at Geneva, and Mr. Senebier. One
| of
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6f us was pofted near the fuperior,
another near the inferior thermometer,
and a third was employed in direting
and preferving the focus of the lens
exactly upon the middle of the bar,
And we noted the minute and fecond,
in which the mercury reached each
davifion of the two thermometers.

Firtexpe-  § 34. In the firft experiment, ‘a
Fmelt table of which follows, the tube had
been exhaufted the evening before,
until the mercury, in the gage of the
air pump, ftood at four lines; and I |
A{eduloufly preferved this degree of
rarefaction in all the following expe-
riments. A momentary imperfection
in my air pump, did not allow me
.to render the vacuum more perfect.
Previous to the experiment, I tried if |
any air had entered, and found the |
~wvacuum unaltered.  The tube was
placed

i
1
4
|
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placed vertically, the cock below, and
the obfervations contained in the Ta-
ble, No. I., give the refult of this
experiment. The firft column to the
left indicates the minutes and {ecends
in which the mercury of the fuperior
thermometer reached the degrees 1n-
dicated in the fecond celumn. The
third gives the arrival of the mercury
of the inferior thermometer at the
fame degrees, and the fourth ‘column
indicates the difference of time in
which the inferior thermometer ar-
rived fooner or later than the fuperior
thermometer at the fame degrees of
elevation. The fign — placed op-
pofite each number in the column of
differences, - thews that the inferio
thermometer arrived later, and the
fien 4 that it arrived {ooner than the
fuperior at the fame degree.

Tabie
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Table of the Experiment, No. I.
Sup. Therm. | Degs.| Infer. Therm. | Differences.
gh. 16  o” 8. |3k 36 ol . oW

og, . O, 11. T 22, go. —  30.

23.. 10, 12. 23.. 180, | imrae O A0,

23- 55 13. 24. Q. —_— 5

24. 45 14. 24. 45-| — o

25. 20. 15. 25. 80. | —— 10.

ors YE5. 16. 26. 10, | —— 15.

26. 5. 17. 26. 48. | —— -23.

e 18. 27. 8o, | —— 28.| |

27. 40. 19. a8, 10.| — go.|

28, a5. 20. 29. 10. | —— 55.

28. " 58. 21, 29. 55. | —— 57.

29. 52. 22. | 81. 2o. | —— 88

a1 R 23. 32- 55. | —— 1zo.

83 g, 24. 34 25 | —— 143

83 7. 25 di: . 4P.g o did]-

94.- 45 26. g6. 50. | —— 125 ] °

35. 50. 27. 38. o | — 130

e A 28. 39 15. | —— ‘130.

gB. =&, 29. 40. 385. { —— 130.

gg. 10. 30. 41. 36. | —— 146.
I 40. 3. 31. 43. 10. | —— 1bo.

41. 35 - i = St Il -

42- 55- | 33 45. 55 | ——: 1Bo.

44- 15 | 34 48. 55. | —— a2Bo.

46. 13. | 35 . 50-1 -89 |ty aggF

48. 10. 36. 54 45- | —— 395.
I 49- 26. | 37. ;

£1." 30, 38.

5% 45, 39-
‘Mean difference, excluding the lat, - - 101!/

§ 35- On
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§ 3. Onthe infpection of this table, 1 Refult.
we {ee, that the {uperior thermometer
has made a more accelerated progrefs
than the inferior, which gradually in-
creafed, fo that in the fame interval
of time, viz. in 38’, 45", the dura-
‘tion of this experiment, the former
,rofe 31 degrees, whereas the latter
was only raifed 28?2 by the {ame ca-
lorific caufe, ating at an equal dif-
tance from each.

If we caft our eyes upon the column
of differences, we fee, that they aug-
ment gradually, although their pro-
grefs be irregular. I impute this ir-
regularity partly to the inaccuracy of
the divifion of the inftruments, and
partly to the difficulties attending ob-
{fervations of this kind, without affirm-
ing, however, that there might ‘not
be fome other caufes. Be that as it
e may,
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may, tlie mean difference, excluding
the luft as neceffiirily inexact, on ac-:
count of the flow movement of the:
mercury in the neighbourhood of the.
extremes, 1sfound to be 101 fec., by,
which the inferior thermometer arrived.
at the fame degree of elevation later
than the fuperior. A very confidera-
ble difference, and which furpafles
what I durft have previoufly fuppofed.

However, we fhall prefentdy fee
that this was not entirely owing to the
influence I endeavoured to afcertain.

Thepro- §, 36. I fupprefled the action of

fr;ia‘: the lens at the moment the laft obfer-

vation of the foregoing table was

made, and obferved the progrefs of |
refrigeration, which is {ufficiently re-

markable.

Cooling
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2

lelng

Sup Therm IDegrees} Infer. Therm. _Di‘:grces

b. min. fec. l he min. fec.

3. 54 45 | 39 3+ 54. 45. |36, 0.

3. 59- 45 | 39 8 59- 45. |36, 6.

L M o S O R R 36, o.
24 ias - TrgBy o, B /i1 355 O.
As. 20. .k 27, O 42750, 0k 34 ©-

It is worthy of remark, that the
two thermometers continued to rife,
although the heating caufe had ceafed
to act upon the middle of the rod:;
and that at this temperature, the ther-
mometers loft about one degree in
50 fec. by the fimple effect of refrige-
ration.. Hence it appears probable,
that at this epoch, the mafs of fire
accumulated 1n the bar of metal, and
which tended to abandon the different
parts of it according to a certain law,

entered.
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entered the thermometers more abun-
dantly than it quitted them by the
effect of refrigeration. The fuperior
thermometer rofe 0,8 and the in-
ferior 0,6 after the fuppreffion of

“thelens. We fhall hereafter find ob-

and experi-
ment.

{ervations of the fame kind, and
fimilar refults.

8 37. My firft experiment gave me
only prefumptions in favour of an
aﬁe’fgﬁw movement natural to fire. It
was neceflary to repeat it with the
tube in an inverted pofition, fo that
the thermometer, which had been fu-.
perior in the firft experiment, fhould
be inferior in the fecond; by which
difpofition it is’ evident, that the ad-

_vantages which one of the inftruments

might have had over the other in the
former cafe, whether by a more per-
fect conta@ between its bulb and the

bar,
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‘bar, or by a.greater degree of fenfi-
“bility, twould ‘be retained by it in
“the. inverfe fituation, except, indeed,
thofe which depended only on its
being finviated above the other; and
the influence of this pofition forms
the obje& of my inquiries.

- The experiment was repeated,
therefore, the following day, at the
fame hour, with fimilar precautions,
and with the addition of two other
thermometers:, placed on the outfide
of the glafs :tube, near the extremi-
ties, to fee if the exterior difference
of temperature from below, upwards,
would be confid ‘erable. The vacuum
was the fame s in the evening before,
and the cock per fetly air tight.

F | Table
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=2 { g 2 . w g

oif i Table of the Experiment, No. IT. . ¢
L herm. . i
extert & T'l"h.':rn‘.n.i'l:lp, Degrees.) Therm., inf. le::u- :;l:::fmgc
fuperior. | . \ linferior.
B Atin. feed < b. min. fec. Jeeadiit 9
IV % 2l BeandBs 2041 75 1 6xl te: 2D o.| ¥, ©
20. 28, 8. 20. 2% -0, |
2345, 2efi 0 TO 250 (Dl 4 1124
24+ . & I1.) 23. §O.4 IS.
24. 48 U 12, 240 48505
25, 45. 13.].4%28.. 30,04 15,
20. 35.| 14 . .
::;:':. AGap " FILL 297. 10| 128.
| 28. 10 16,4 :rS 5.4 25.
! 20.° 5% s 2Q. 10./4- 45.
9,0 [ 30. 50 1800 30. 1844 35.f 7y T
SRR L el 3I. 10./4 35. -
22. 45, 0. 327004 X7
| 23. 45. 3 32, 5_0.i 55+ P71
] 235. 2 22 34. 154+ 65.}
36,475,144 22 5L A 6T LIRS
8 5 | 38 24 24l 37. 304 74407, 61
29- 481 250 35, 1544 03. ]
| Fis 10 4 20, 39.- §¢./ 4 8.
; A2, 1Y 27 4L, , 04+ 77:
j 44- 35| 28, 3. 20,4 75
| 0400 50 290 454 4544 65 :
: e e 0 |
:ﬁ Mean difference, |+ 4_';._‘ 2
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—§: 38 On'infpetting the column of

. agrees with

differences, between the two thermo-
'meters in this experiment, we fee,

j_that they are in the oppofite {enfe, viz.

‘the inferior thermometer arrived at the
f{ame degrees fooner than the {uperior;
‘but the abfolute quantity of this diffe-

‘rence is much lefs. The mean quan-

tity by which the inferior thermometer
‘marked the prefence of the fame de-
gree of heat fooner than the fuperior,
amounts only to 47 fec. ; whereas, 1n
the former experiment, this mean
quantity' amounted to 101 fec. I,
therefore, we {ubtract the {maller
number from the greater, we fhall de-
ftroy thereby the individual influence
of the thermometers, and the remain-
der 54 fec. will reprefent the refult of
their refpective pofitions, or the mean
quantity by which, ceteris paribus, the
ntd F 2 fuperior

This refult

the former.



.

Auperior thermometer indicated, more
quickly than the other, the {ame de-
grees of elevation.

It may be rematked, that the exte-
rior thermometers did_ not differ con-
fiderably from each other, although
one was placed at the upper, the -
other at the lower end of the tube;
and that the {un’s heat being more
feeble in the fecond experiment than
in the firft, it raifed the thermometer
within to only 30 deg.

3d cxpcri-l § 30. A repetition of thefe cxXpe-
" riments being neceffary, it was my
with, before I proceeded upon them,

to difcover fome mode of leffening,

if poffible, the effet produced by

the more or lefs perfect contact of the

bulbs of the thermometers in the cavi-.

ties they occupied at each extremity of

‘ " the

-l IS
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the rod. = For this purpofe I enclofed
both ends of it, and confequently the
bulb of each thermometer in a flip of
oiled paper, which was paffed twice
round without touching the thermo-
meters. This difpofition (on account
of the flow conductive faculty of the
‘oiled paper) was calculated to retain
_around the bulb a part of the heat
tranfmitted along the bar, and per-
haps to diminith the inequality re-.
fulting from a lefs perfect contact. |

I introduced, on this occafion, two
additonal thermometers into the tube,
whofe bulbs were placed oppofite the
ends of the bar, at the diftance of
about an inch. Thefe thermometers
were obferved from time to time du-
ring the courfe of the experiment,

and I have included thefe obferva-
| . Fio tions
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tions in the following table. The
- tube was exhaufted to the fame dcgrc
“as in the preceding exPcrlments,
POﬁthI‘l the fame as 1n the firft, Ihzit
15, the cock below, and we ploceedeﬂ

in every refpect as before. |
' |
|
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Table of 1he Expenmﬁnt, I\o. III

Superior I I Interior
finfulated |Therm. {up.| Degs. | Therm. inf. Dlﬁfrencts infulated
therm. : 7 therm.
b, min. jn:, bh. mina. fc,, Jec.

| 8. 3- 15 0. 0. 83 Oy
8 4| 3 15 45. 0. the the
i 1g. 18 i0.3 9. Cegr i A o. (beginsic
muount.
3. 20. 20. |10. 20. 20. 0. { ‘81
2z, EB.l1l. 21. 25. | — 2O0.
22. 85. [I2. s2. 38. — 13
23. 20. [13. 23. 35- | — 15
10, 2.| 24. 38. |14, 2. o4. 45- | — 7.1 & &
25. 35. |15 o5. 48. | — '13.
26. 5. |16. 26. 45. | — 4o
2%. 12. |17. 27. §3. | — 41.
28. 16. [18. 28. 58. | — 4.
29. 13. (19 29. 50. | — 37-| 9 4
5 R 30. 10. |20. 2%, O, —~ | 5o. |
1. ,:Q. |21s 32. 12. — b2.!
g2. 16. |2¢. 93. 25-| — 69.|
33- 10. (23 34. 40. | — 90.} 10, 1
34- 32 [24- 35 48. | — 76.|
e 35+ 43- |25 SR gy e i99e
12, 3 36. 40. 126. gb. 25| — 185
87. EO. (27. 39- 55 — 125.1 10, 8
39. 10. [28. 42. 55. | — 225.|
40. 35- |29- qb tx — 330.
P S e 1o B 480 g5 —= 985,
47. 15. .31 59. 45. - . 315,
L R 49. go. 3e. 53- 20. | — 240.] 12,
&%, .0, | |33. 4- 1. 45. | — 585.] 12, 2.
: 55- 3z2. 'i,'j&.
4a = B 2135
2. 40. {femove the lens therm. heri s
4 - 6. 15. b 082 40 4o defeen
{Mean, omitting the Jalt, - - - - - — g3
_ . : i 20 PRG-I




Refults

conform-
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§ 40. We have here an experiment

abloso the made under the {ame circumitances

preceding
cxperi-
ments.

as the firlt, and it offers us fimilar
confequences. The -mean of 23 ob-
{ervations, omitting the laft as too
near the extreme, gives 93 fec., as the
quantity by which the inferior thermo-
meter marks the prefence of the famne
degree of heat more flowly than the
{fuperior.

It 1s alfo obfervable, that the latter
rofe 35 deg. and the former only
33.%2 in the fame interval of time.
The difference between the thermo-
meters infulated within the tube was
in the fame dire€tion, the fuperior
being conftantly higher than the
other, at every correfpondent epocha.
"It is remarkable, that being {o near
the ends of the metallic rod, they
fhould participate fo little of its tem-

perature ;
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perature ; for they differed from'it to-
wards the -end of the expenimeért,
about 21 degy It appears that the
heat communicated itlelf, with' diffi-
culty, through the wvacunm of the
- tube. “

§ 41. In this experiment, the time, Remark
which elapfed after the removal of the Erl::;hthf;;:
lens, untl the moment in which each
thermometer began, fenfibly, to de-
{fcend, was obferved with particuiar at-
tention, and this interval, as is feen 1n
the table, was 3 min. for the inferior
thermometer, and for the fuperior,
3 min.’ 35 fec. This difference is in
favour of, and tends to confirm the for-
mer obfervations.

At the beginning of the experi-
ment, we endeavoured to afcertain
the lapfe of time between the appli-
cation of the focus of the lens to the

X gy
midaile
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middie of the bar, and the At ﬁgn!
of motion 1n the mercury of the lrifﬁ--
rior thermometer. This interval ap-
peared to be 1 min. 43 fec.

oh experi- & 42. We had now to repeat a4
M fourth time the fame experiment, but
in the inverfe pofition, that is, with
the cock uppermoft, as in the fecond
experiment. We proceeded with the
{fame precaution, and in circumitances
fimilar to thofe of the aforegoing ex-
periments, and it offered the follow-

ing refults. |

Table
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Table of the Expenment, No. IV.

Superior Tnferior
mE:lated §up. thtrm Degs. |Inf. thebm, le::en- infulated
“therm. therm.
BT S E I . e, b min, fec|  Jec.
8,0. |3 8, o.| 633 .8 o
12. 35- |1 7. 12, 3% 0.
n o tpacke 148 1qu 8. 13. 58. :!: 12.
8, o. b oo 1 g. 14. 50, 10. | 7y 2.
¢ 10, .
16.. g5. | 11. 16. 20. i 15
[i1] 17 130, |l 1@t 16. 55. 25. |
: : A T O |
8y 5 18. 45. | 14. 18] 14. |4 31|
- | 15 18. 53.
16. 19. 30.
20. 45. | 17. 20. 10.| + 35
21. 25. | 18, 20. 45.| 4+ 40
ez, -4 |1g. 21. 25.| 4+ 37-
¥ 20, 22, 3, 5
. 23. 30. | 21.
¢ ‘24.°18." | 22. 23. 35. j: 43
24. 58. | 23. 24. 25. 33.
25 43- | 24- 25. 13.| + 3°
10, 2. 26. 40. | 25. 25. 58. | 4. 42.
27. 50. | 26. 26. 52. 58.
2g, . 0.l 27. 28. o. 6o.
gt ol el 2g. 52. 68.
32. 55- |29 31. 40.| -+ 75
34 30- | 8o 33- 37 i 53-
12, O. 36. go. | 31. 35 47- 43-
38. 10. | g2. 37. 30. :t 40,
ddeT 40. o©. | 33. 39. 28. 3e.
41. 40. | 34. 41. 15. 1= 25.
- 43- 55- | 35 42. 38. :l: 77-
49. 3o. | g6. a8, 15 2095. | 12, I.
37- 47. o©.
49. 30. [remove the lens
The mean of 22 obfervations, from 8%

to 35% omitting thelaft, - - - - 4 4o”




Refult ana-
logous to
the tormer.
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§ 43. We fce hLere a progreffion
fimilar to that obferved in the fecond
experiment. The mean of 22 obfer-
vations, from 8° to 33° omitting
the laft, as too near the extreme,
gives + 40 {ec. by which the inferior
thermometer indicated the prefence of
the {ame degree of fire fooner than
the {uperior: if 'we fubtrat thefe
J- 407/ from — 93/ given in the third
experi:ent, we fhall have 53 as the
mean quantity, by which the fuperior
thermometer would have exhibited the
fame degree of heat fooner than the
inferigr, if the only difference between
them had been their relative pofition.
This, therefore, is the immediate ef-
fect of the natural alcenfive tendency
of fire. It is furprizing, and can
only be the effet of chance, that

this conclufive number, the compari-
| {fon
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fon of the mean numbers of the two
laft experiments, fthould differ only
one fecond from the mean numbers
given by the companfon of the two
former. ' The infulated thermometers
confirm thefe refults, the {uperior ha-
ving been conftantly higher than the
other, at fimilar periods of time. In
other refpeéts their progrefs was pretty
‘conformable to that obferved in the
aforegoing. experiments.
 § 44. Finally, the obfervations du-Fomﬁ?mfd
ring the refrigeration, which were t?c;nnsud::i-
* made with miore care, and carried far- g;.gdliri:_'
“ther in this than in the three preceding
experiments, {eem likewife to thew an
alcenfive difpofition in the fiery ele-
ment, as may be concluded from the

following table.

Cooling.
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Cooling.
Superior Inferior
infulated | Sup. therm. |Degrees. [[nfer, therm |Degrees. |!nfulated
Therm. ' *| therm.
l h. min. fec. h. min. fec.
4. 50.' 30.] 365 2.44. 50. 304 590,
33, ¥, 1. 150:} 36,.2. |- 8538486,
| 54. 40.] 36, o. £7» §OL2E;
{° 56 47./35. 58. 30.|34.
13, 5. | 57- 58.34. 59- 35+/33.
¢9. 16./33. 4. o. 35:132'
s AL T b 1. 46.31.
‘ i ide 80, 81 2. §§. 30, |
13, 0 2. £6.] 30, 4. 15.20. 1% B
: 4. .| 20. 5. 23 28, |
5. 20.| 28, 6.. 32.] 27,
| 0,421 27, —. 32130,
32 B 8. o.|26. 9. 2425. 1150T
. 0. 28] 25, 10, 20.|24.
} 710, §5.424. 12, 20.|23.
i T2e 20.] 23 14. 10.] 22,
| 14. 10422, BT, gictad
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§ 45. The examination of this ta- Remarks.
ible affords the following remarks: ©
~~The fuperior thermometer rofe 0°,2
ifdur-ingﬁ the firft minute after the re-
moval of the heating caufe.
' The fame thermo!,meter remained
afterwards ftationary ‘during 8o fec.
notwithftanding the }:Qld it neceflanly
fuftained, and which, without doubt,
was exactly 'Cﬂunter-balanced by the
heat 1t received from the bar. Laftly,
at the explratlon of 5 min.. it was
deﬁ_ended only 0°,2 from its point of
departure.
| The! inferior thermometer, on the
contrary, was at 37°1 at the moment
the—tens—was-removed. It-did not
rife: and at the expiration of one
minute 1t was defcended o°,1.
In 6 min. 8 fec. it defcended
1°,1 whereas the other in the fame
interval

&
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interval of time, to judge from its"
progrefs, would not have defcended «
60"3* | | ’

Finally, in 22 min. 50 fec. to
reckon from the common point of de-
parture, the inferior thermometer de- -
{cended 14°,1 and the fuperior 13°,2
although the latter having rifen higher,
and having been more diftant from
the point of equilibrium, - ought te
have cooled more quickly than the
.other. _

Conclu- § 46. It appears that we may juftly
U conclude from thefe faés, which ac-
cord with each other, that fire ac-
tually moves more readily from below:
upwards, than in the oppofite direc=
tion; which is'common to all gravita-
ting bodies; or perhaps that it 1s
lighter than another. aerial fluid, in
.which it {wims; or finally, thatit is
effentially
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effentially light. For I cannot pre-
fume that the imperfection of the va-
cuum in my apparatus, which I have
faid wanted 4 lines, or ¢+ part of be-
ing perfed, could explain fuch fignal
difproportions. To have afcertained

the fact, I fhould have repeated thefe
experiments with the tube full of air,
and have feen the influence of this

fluid ; but the feafon, already far ad-
‘vanced, and likewile very unfavoura-
ble, would not permit the execution
of my defign. 1 fhall repeat them
~afluredly,- and I invite philofophers to
endeavour to verify this important
fac, by which many phenomena might
be explained.

'_ § 47, ‘Since thefe Inquiries Were The icade-
made, I have found that the acade- T ¢/ ¢"
micians, del Gimento, had undertaken {5

G fimilar menss-
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fimilar inveftigations, in an apparatus,
fomewhat refembling mine. They
introduced into a glafs tube, 1n which
they afterwards made the torricellian
vacuum, or vacuum by means of
mercury, two thermometers pretty
near each other. They heated this
tube from" without by two hot balls,
which, they fay, werc advanced «
little nearer the inferior thermometer,
i order to counter-balance the effet
of the heated air, which -might afcend
slong the outfide of the tube, and
communicate more heat above than
below, They aflure us, that having
repeated this experiment feveral times,
the {uperior thermometer appeared al-
ways to receive more heat than the
inferior. And they add, that the ex-
periment being repeated with the tube

| ' full
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full of air, the effet was nearly the
{ame as 1n the vacuum *. 5

Their method of operating was
perceptibly very inaccurate. But if
their procedure was precifely the fame,
the tube being empty, and full of air
alternately, the trifling difference which
obtained in thefe two cafes, proves
fufficiently, that the prelence of the
{inall quantity of air, which might
have remained in the tube in my ex-
periments, could not be fufficient to
-account for the facts they indicate,
without admitting fire to poffels a na-
tural afcenfive tendency. I remarked
during thefe experiments, that not-
withftanding the great heat which the
‘bar of copper f{uftained in the panr

* Virum tamen eft differentiam efle admo-
dum exiguam, pofito tubo aeris pleno vel vacuo.

Tentamin. Exp. natur. p. 73, in 4to.
G2 expofed
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expofed to the lenticular focus, none
of thofe colours were obferved, which
are produced upon the furface of cop-
per and other metals, when expofed
in the open air to an equal degree of
heat. Thefe colours, without doubt,
depend upon an incipient combina-
tion of the metal with the ambient
air, which cannot take place when
the air is excluded. It would be cu-
rious to vary experiments under this
point of view,' by expofing different
metals to the focus of a Jens in va-
rious aeriform fluids.

MO H Al
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Various Experiments on Heat—De-
Jeription of the Apparaius em-

 ployed—Effect of the Colour and
Nature of Surfaces relative to
- their Reflection of Heat—Expe-
riment on the refraction of Heat—
s Velocity— Apparent Refletion
of Cold.

§ 48. FIRE being propagated ac- Heat is fur
cording to the laws and modifications reheftion.
- we have juft thewn, traverfes the air,
~and partly unites with1t. It may like-
wife meet {olid bodies, in which cafe
a part of the fire penetrates them, and
there undergoes the modifications of
G 3 ~ which
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which we have already {poken ; ano-
ther part; of which we are now going
to treat, is refletted by their furfaces.

Lambert had already obferved, that
what he called obfeure beat, or beat
without light, was fufceptible of re-
fleCtion. And I place the firft ideas
of the experiments which I have made
on this fubjet, and which have alfo
otven rife to a part of thofe contained
in this Effay, amongft the obligations
[ owe to my celebrated friend, Mr.
De Saufiure. 1 fhall here repeat, at
fome length, the experiment quoted
in his Voyages dans les Alps, tom. IL,
2. 353, § 926, ed.1n 4to.

§ 49. We placed two concave mir-

this fobjectrors of tin, which form part of my

phyfical apparatus, oppofite each other
in .a large room, at the diftance of

12 feet, 2 inches. Thefe miirrérs are.

a foot
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a foot in diameter, and their convexity
that of a f{phere whofe radius is ¢
inches, and they are but moderately
polithed.

At the focus of one of thefe {pecula,
-was placed a mercurial thermometer,
whofe bulb. was infulated, and art the
focus of the othar an iron bullet about
2 1nches diameter, heated {o as not to
be luminous or vifible 1n the dark. -

The prefence of this bullet raifed the
thermometer, placed at the oppofite
focus, from 4°. to 14%5 in fix mi-
nutes ; 1t {topped there, and began to
defcend in proportion as the bullet
cooled.

§ so. Let us refle® a moment upon Refeaions

on the ad-

the advantages of this difpofition for vaueces of
: s he difpofis
augmenting the effé&t of the heat at ;e
o > i ; Vo e inf{tru-
a given diltance. . From the pofitton " *°.
of the mirrors oppofite each other, this experi-
mentd.

G a and
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and from known catoptric laws, it
follows, that a reflexible emanation,
excited at the focus of one of thefe
mirrors, is fent back in part by the
furface of the mirror in form of a
bundle of parallel rays upon the op-
pofite mirror; thence, by a f{econd
refleCtion, it 1s again collected at the
focus of this laft, in a degree of den-
fity 1t could not have attained without
this contrivance.

Taking the diftance of the focus
from the furface of the mirror, and
the extent of this furface, I compute
that, in effect, this mirror receives 5%
of the calorific emanation produced
at its focus, that 1s, near a third of
the whole. It certainly does not re-
fle¢t this quantity entire to the oppo-
fite mirror ; a part, without deubt,

is again loft by the fecond reflection,
which -
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which concenters this emanation upon-
the thermometer at the focus of the
fecond mirror. 1 fuppofe that this
double refleCtion may deftroy the
half, or if you pleafe, % of it, yet
there will remain % of the total ema-
nation thrown by this contrivance to
the given diftance; whereas, without
this arrangement, and by placing
the thermometer fimply at the fame
diftance from the calorific focus, in
fuch a manner as that it may receive
{olely a dire¢t emanation, only a part
of it would arrive, which part would
‘be to the whole emanation, as the
furface of the fection of the bulb of
the thermometer 1s to the f{urface of
the {phere, whofe radius will be the
diftance of the thermometer from the
centre of the emanation. Thus, fup-
pofing, as in our experiment, the

| thermo-
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thermometer to be 11 feet, 5 inches,
from the heated body, and the dia-
meter of the bulb of the thermometer
3 lines, we fhall find that the fur-
face of the feftion of this bulb is
only zy3is27 part of the furface of a
{phere whofe radius is 11 feet, 5 in-
ches, and that the thermometer re-
ceives directly, at this diftance, only
a part of the calorific emanation ex-

prefled by this fraction.
§ 51. By placing a lighted wax

taper at the focus of the firft mirror,

wwaxtapert inftead of the bullet, the thermome-

ter, at the focus of the fecond, rofe
in one of our experiments, from 4°,6
to 14.% and in another from 4%,2 to
149,3. It appears, therefore, that
the effe¢t of a burning taper ap-
proaches that of a bullet of the dia-

| meter
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meter and degree of heat I have men-
‘tioned. - -
11§ 52. But in the action of the bul- Method of

. feparatin
let there was only pure heat without the stion
; . . of light
light ;- and in that of the taper a mix- ?m‘,:‘,g iy
ture of light and heat. Y

- 'We thought of feparating, to a
certain degree, thefe two caufes, by
interpofing midway between the mir-
rors a very tran{parent plate of glafs.
The tranfparency of this {ubftance
would eafily permit the light to pafs,
‘and being difhicultly permeable to
“heat, would effe¢tually obftruct its
paflage ; and, in fa&, the prefence
of the burning taper at one focus hav-
ing caufed the thermometer, placed
at'the other, to nfe from 2.° to 12.°
where 1t appeared ftationary, we in-
terpofed the plate of glafs, and in
the {pace of g minutes, the thermos

meter




The fame
experiment
with 2 ma-
trafs of

L g ing i
meter defcended to 5%7 which s
more. than half the number of de-
grees it had rifen without the interpc}-
fition of the glafs, The plate being
removed, the thermometer rofe again
In % minutes to B i However,
the light refleed upon the thermo.
meter. by the mirrors, did pot {feem
fenfibly diminifhed by the prefence of
the glafs; it boulted itlelf in fome
manner through this tranfparent bo-
dy, and thus became {eparated from
the heat, the greatelt part of which
remained behind. |
§ 53. I had {till, however, fome
{cruples concerning the experiment

boiling wa- With the bullet. [ feared that, per-

fectly obfcure as it appeared to us, it
might yet be luminous to organs
more {cnfible to the a@ion of light
than ours, [ believed 1 fhould be

more
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nore {ure of employing a hot body
ot luminous, by fubftituting a olafs
atrafs of nearly t'hf,:'--'fzj,:rhe~ diameter,
ontaining 2 ounces, 3 drachms of
oiling water, which was {upported at
he focus of one of the mirrors by a
ittle bafket of iron wire. |
The mirrors in this exXperiment were
o feet, 6 inches diftant, and I had
laced a very thick fcreen of double
lk between them. At the focus of
ne was a {mall thermometer of mer-
ry, made by Ramf{den at London,

dapted' to Farenheit’s fcale. The

atrafs of boiling water being placed

t the focus of the oppofite mirror,

e{creen was removed; and in two

pinutes the thermometer rofe from

7-° to 50.°% of this fcale; but at

1€ inftant the matrafs was taken

Vay, -the thermometer defcended.

$ 54. More

=
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Eﬁi&s;;- §. 54- More convinced of the re<
Sox flexibility of pure heat, 1 was de-
firous of feeing if it alfo poffeflfed, in
common with light, the quality of

being abforbed by black fubftances.

. With this defign, I blackened the

bulb of the {fame thermometer, and
repeated the experiment in every other

ref[pe¢t in the fame manner. The
thermometer appeared more quickly
affected than when the bulb was clean

and polithed, and the refleted heat
produced a more confiderable ef-

fec, for the mercury rofe from 519}

to 55%%. I have fince purfued the

fame experiments with a different ap~ |
paratus, as I fhall prefently relate.
Theufeof & 55. The matrafs of boiling water
et i had this advantage over hot bodies,
;[L:;:i::-ﬂl&f it afforded an abfolute quantity of
heat in my experiments, which was

| always
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always the fame. Buf, on the other |
hand, this heat being inconfiderable,

I forefaw that to employ it with {uc-

cefs, I ought to counterbalance this

lefs intenfity by the ufe of a more {en-

fible thermometer. Thermometers of
air are known to poflefs a fupreme

degree of fenfibility, but I was preju-

diced againft thefe inftruments on ac-

count of their barometrical effe@.

Yet I thought I could employ them

to advantage in thefe experiments, in

which differences and comparative
obfervations, made within a fhort in-

terval, were the objeGts of confidera-

tiﬂn ; and indeed they have anfwered

beyond my hopes.

.8 56. The conftruction of thefe Their con-
thermorneters confifts in blowing M
bulb of 3 or 4 lines diameter, and as
;l;un as poﬂiblc, on the end of a glafs

il tube
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tube 8 or 10 inches long, and of the
~ caliber- ufually employed for mercu-
rial thermometers of the larger fize.
Both the bulb and tube ought to be
very clean and dry within. The bulb
being held betwixt the finger and
thumb, the air within 1s rarified by
their heat, and expelled in a conve-
nient quantity : 1 then plunge the
~end of the tube into coloured {pirit of
wine, and remove my fingers from
the bulb; in an inftant the air within
cools, and the preffure of the atmol-
phere, being no longer in equilibrium,
caufes the coloured liquor to mount
in the tube. When the column his
obtained  about 3 lines in height, I
remove the tube, and quickly wipe
the end of . The little cylinder of
liquor rifes in the tube, and ftops

nearer or farther from 1es bulb, ac-
| cording
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cording as the fingers have more or
lefs rarified the air it contained. |
1 afterwards adapt to the tube an
arbitrary divifion, graduated by lines,
and to render it comparable with the
ordinary {cale at the temperature in
which I.make my experiments, I {uf-
pend the thermometer of air, near a
‘very fenfible thermometer of mercury,
in a room of a certain temperature,
‘and obferve with a glals (for it is im-
poffible to approach without making
them 1nftantly vary) the corrc{pon-
- dent degrees on the two fcales : T re-
peat this experiment in another room,
whofe temperature differs fome de-
grees, and hence I obrain the elements
of a comparative divifion, from which
I form a table for each inftrument.
lie extent of their variations depends
upon the difference of capacity be-
il tween
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tween the bulb and the tube. The
moft convenient are thofe in which a
{pace of two inches, which confe-
quently admits a very confiderable
fubdivifion, anfwers to one degree of
the ordinary {cale. Thefe extempo-
raneous thermometers are very con-
venient in all experiments in which
there is occafion to obferve very {mall
differences of heat.

It 1s neceflary to empty them after
they have been ufed; and for this
purpofe 1t 1s {ufficient to heat the bulb
a little, and wipe the end of the tube
when the hiquor 1s expelled. With-
out this precaution, if they are ex-
pofed to a certain degree of cold, the
liquor mounts 1nto the bulb, and the
inftrument 1s {poiled ; for one cannot
afterw s, without much time and
padence, and without making the

~ bulb
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bulb and tube red hot, dry the in:
terior {ufficiently to make ufe of it for
a new experiment.

I place the thermometer at the fo-
cus of the muror, the bulb upper-
moft. The tube enters freely a (mall
cylindrical {upport, which ferves as a
ftand, and which may be lowered or
heightened at pleafure. The divifion
is marked upon a paper, which fcarce
exceeds the diameter of the tube, and
is pafted upon it; thus the body of
the inftrument intercepts but a very
fmall part of the rays of heat, which
arrive at the mirror, from whence
they are refleted to the bulb of the
hermometer. all
§ 57. I have jult faid that I had periments

on the in-

xamined, by an apparatus differing fivence of

various fure

from the blackened thermometer, the facesforihe

refleftion

nfluence of {urfaces of different kinds and abiorp-
. tion of
H 2 10 heat,
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in refleCting and abforbing heat. This
inquiry makes the ohjeét of the fol-
lowing experiments. -
I arranged the mirrors at the dif-
tance of 5o inches from each other.
At the focus of the one was placed
the matrafs of boiling water, and
the thermometer of air at the focus of
the other. ;
I here inform my readers, that T
generally found the focus of heat of
thefe mirrors by a prelrminary experi-
ment on the focus of hght. 1 placed
a burning taper in the little bafkeg
which the matrafs was to occapy, and
when the thermometer, at the focus
of the oppofite mirror, prefented upos
its ulb the diundt, full, and equally
lursinous fpeftram of the mirror whichy
rcfleCted the “hght, 1T was fure thak
this light came 10 it from every point
v
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of the furface of that mirror, and
confequently, that the bulb was at its
focus. Having found this point, I
left the ftand on the {pot, in order to
complete my thermometer, which re-
quired only three or four minutes, and
replacing the latter, after having re-
moved the taper, I was fure that it
was at the focus. But to return to our
experiment :

I procured a plain looking glafs,
larger than the mirrors already men-
tioned, and of the thinneft glafs I could
meet with ; and having mounted it on
a ball and focket, like a graphome-
ter, I placed 1t vertically in the mid-
die between the two mirrors.

- This looking glafs prefented two
{ubltances in perfe&t conta&; the
glafs, whofe two furfaces were equal,

and a very thin amalgam, the fur-
| S S O face
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face whereof, in contaét with the
glafs, was polifhed like ordinary mir-
rors, and the pofterior furface exhi-
bited the dead white of tin amalga.
mated with mercury.

The looking glafs being placed fo
as to intercept the calorific emanation
in 1ts paflage from one mirror to the
other, by making half a turn on its
ftand, I could prefent, at pleafure,
towards that fide from whence the
calorific emanation proceeded, that
is, towards the matrafs, either the pos
lithed and - brilliant furface of the
glafs, or the dead white of the amal-
gam. - The difference of their effe&
upon the thermometer will thew which
of thefe two politions refleéfed ot ab-
forbed the heat more effetually. It
i$ clear, that in this particular cafe,
in which the intermediate fubftance

remained
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remained the {ame, thefe two expref-
fions muft be {ynonimous, feeing that
the quantity ab/orbed by this {fubftance
ought to be the fame; and that the
quantity not tranfmitted ought confe-
quently to be refleted.

- § 58. The polifhed fide of the glafs refu:
being turned towards the matrafs, the
mean afcenfion of the thermometer
of air was only o,5 of a degree.
Edch of thefe degrees was equal to
- of a degree of the common thermo-
meter.

The amalgamated furface or the
back of the glafs being turned to-
~wards the matrafs, the mean afcenfion
was 39,5. deg. Hence we fee that
of two white furfaces, that which 1s
polithed refle&ts heat more efficacioudly
than theother. Iafterwardsblackened
with indian ink a.,nd a little {moke,

H 4 the
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the. back . of the looking glafs, and

repeated the {fame experiment.
. The polifhed fide of the glafs being

!tumed towards the matrafs, the af-

cenfion .was 3° deg., and with the
back of the glafs turned towards the
matrafs, 1t was ¢2,2.

We have here a very remarkable
difference of the tran{miffion of heat,

" and this difference of 6%,2 is in fa-

vour of that pofition in which the
blackened furface of the glafs was di-
rected towards the matrafs.

§ 59. It will be obferved, wlthout
doubt, that the effett of the matrafs
on the thermometer was greater in
this laft experiment than in the for-
mer, made 1n fimilar circumftances ;
for, the polilhed fide of the glafs be-
ing turned towards the matrafs, the
thermometer rofe, in the firfy experi-

bt ment,
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ment, to only o,5 and 1n the fecond
to 3 deg. The thermometer having
been placed more exattly at the focus
in the {econd experiment than in. the
firft, might bave occafiohed this dif-
ference. But as the experiments,
which have been the objetts of com-
parifon, were made whilft the ther-
mometer remained in the {ame pofi-
tion, this difference can 1n no wile
_change the refult of the experiments,
which {eems to manifeft the influence
of the nature and colour of {urfaces
1n the refle¢tion and wanf{mifion of
heat.
. § 60. I was defirous to know to Another
what degree the amalgam and firatum cPsHment
of black contributed. to intercept the?jtn &8
heat ; and therefore, immediately after
the aforegoing experiments, I removed
all the amalgam of the looking glafs,

and
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and began the fame experiment. The
thermometer now afcended to 18 deg.
that 1s about ¢ deg. higher than it had
rifen in the former experiment, the
amalgamated and blackened fide be-
ing turned towards the matrafs; and
it exceeded 15 deg. the alcenfion
which took place, when the polithed
furface of the looking glafs was di-
rected to that fide, from whence the
emanation proceeded.

§ 61. The tranfparent glafs fiill
powerfully intercepted the heat; for
when it was removed, or when it was
turned only a quarter of a revolution
upon its ftand, {o that its plane was
parallel to the courfe of the emana-
tion, it rofe fo rapidly, that if the
apparatus had been left fo difpofed,
the liquor would have efcaped from

the thermometer in a few {econds.

§ 62. Ithen |
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§ 62. Ithen fubftituted a thin piece Experi-

ment with

of white pafteboard of the fame di-a pieceof
“menfions as the glafs, in order to el
Eemparre their effects. The thermo-
meter rofe 10 deg. that 1s, the pafte-
board produced nearly the fame effect
as the glals when covered by the
amalgam and blackened, the black
part being turned towards the matrafs.

§ 63. Now, as fire poflefles the Trialofthe

. \ X refraction

property of being refle¢ted by po-of hea.
lithed furfaces, and by the fame laws
as light, it 1s not impoffible but that
it may be likewile refracted in fimilar
circumftances. |

To afcertain this fact I placed, ac
the focus of one of the {pheric mir-
rors, the matrafs of boiling water,
and receiving the parallel rays reflected
by this mirror upon three different
lenfes, whofe thicknefs at the centre

varied
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in the air,
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varied from 6 lines to 2,7 and whofe
focus differed from 24 inches to 67,5
I could obtain no fure fign of greater
heat at the focus of any one of them

‘than elfewhere. However, I am far

from affirming that heat is not {ufcep-

tible of refraltion : perhaps, as glafé

tranfmits 1t with difficulty, it may be

mneceflary to repeat this experiment

with metallic lenfes, which afford 1t 2
more eafy paflage.

§ 64. The velocity of heat through
the air, when 1n a ftate of liberty, has
not yet, to my knowledge, occupied
the philofopher; and I have been na-
turally led to that kind of experiments

‘which feems to determine 1it. Heat

1s generally {fuppofed to move fome-
what flowly through bodies*. but I

* De Luc. Idées fur la Météorologie, §. 175.
have
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have reafon to prefume, from my own
experiments, that 1n this refpet we
. are miftaken, or rather that it is ne-
ceffary to diftinguifh, as we fhall pre-
fently fee.

I employed, in this purfuit, the
methods pointed out by Mr. de Sauf-
fure #. 1 difpofed two concave mir-

rors, of a different quality, at the dif-
tance of 69 feet from each other.
The mirror, at whole focus I purpofed
placing a heated body, was one f:.f
the tin {pecula already deferibed ;
other was a fpmulum of ailt p‘-fu-LLr
of 18 inches diameter, and 15 inches
focus. I adjufted my thermometer of
air at the focus of the laft. * This ar-
rangement {eemed preferable, be-
catife, at {o great a diftance, the in-

% .U)a"eda.. ¢s Alpes, § 927.
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perfection of the firlt mirror caufes a
diffufion of the refletted rays, by
which a confiderable quantity would
be loft if they were not received upon
a {urface proportionably larger.

A few inches from the focus of the
firft {fpeculum was placed a very thick
{creen. The obferver then approaches
the thermometer, and the experiment
does not commence until the heat, if-
{uing from his body, has produced its
full effet on the thermometer, and
the 1nftrument remams perfectly fta-
tionary. The bullet, of which we
have already {poken, heated to a cer-
tain degree, but not {ufficiently to be-
come luminous, is then placed in the
batket of iron wire at the focus of the
firlt murror. At the inftant the {creen
is removed, the thermometer rifes,

and it 1s 1mpoffible, at the ditance
of
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of 69 feet, to perceive a fenfible in-
terval of time between the caufe and
the effe¢t. But let us fuppofe that
even a fecond or two might elapfe,
and the interval is in no cafe greater
between the removal of the {creen,
and the rife of the thermomcter ; this

~delay might unqueftionably be af-

cribed to the difficult permeability of
the glafs of the thermometer to the
matter of fire, and its velocity will
fill be fo great, that at 69 feer, it
will be undeterminable by this expe-
niment, which 1 have not repeated at
a greater diftance.

At the moment the {creen 1s re-
placed the thermometer defcends, and
mounts again as foon as it is taken
away. It even appears that the in-

ftrument exhibits, with- ftill greater

promptaefs, the prefence of the ema-
nation,
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nation, when, by a repetition of the
experiment, the {pace between ‘the
focus of heat and the thermometer is,
in fome meafure, filled by the ema-
nation, than when the fcreen is re-
moved for the firft time. ~
Reflections. & 65. If this experiment contradiéts
recerved 1deas, it likewife contradiéts, in
appearance, fome falts : for, it feems,
when we light a fire in an apartment,
that the thermometer hung at the other
end of the room is a confiderable time
before it indicates the prefence of
heat. But if we refleét on the ad-
vantageous difpofition of the mirrors,
which I have explained, § 34, for
increafing the calorific emanation at a
civen dilance, compared with the
feeble effett of the direct rays, and if |
‘we attentively confider the extreme
{enfibility of the thermometer, the

\ - falls
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fatts I announce may be reconciled to
general obfervation.

§ 66. It appears then, that fire, Fire moves
whether in the air, or in other bodies,
moves, at the fame time, in two ways.

- That part of the calorific emanation

which, in traverfing bodies, mects
only pores and nothing folid, moves in
a ftraight line, and 1in every dire&tion
with a confiderable velocity, perhaps
as rapidly as found, or even light;
that part, which meets in its paffage
the molecules of bodies, unites itlelf
with them under the modification of
fpecific heat, and propagates itfelf
more .or lefs flowly, according to the
condu&tive faculty of thefe {ubftances.
The firlt may be called radiant heat,
the fecond propagated beat.

§ 67. When I thought of fubfti-Glafs mir-

rors reflet

guting on the fide next the thermo-heat very
1 e imperfedtly
3
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meter, in the experiment made at the:
diftance of 69 fect, a large fpeculum:
inftead of the {mall one of tin, in
order to colle¢t 1n a large quantty
the emanation reflected irregularly, at
this diftance, by the firft, mirror, it
was not the one of gilt plaifter, whicly
I firft employed.. 1 imagined that a
large concave glafs mirror of 16 inches-
diameter, and 27 inches focus, would
beft anfwer my purpofe. But I faw,
with furprize, that the thermometer,:
at 1ts focus, indicated little or no heat,
notwithftanding the bullet was at the
focus of ‘the oppofite mirror. How-
ever, I prefently found out the reafon,
which was very fimple. We have al-
ready feen that heat traverles glafs
with difficulty, and that a confiderable:
portion of it is intercepted in its paf-
fage..
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{fage. In the glafs {pecula it is not
their anterior furface that reflets the
g.re:lté{’c part of the rays, but more
efpecially the metallic {urface applied
to the back of the glafs. The heat
having the whole thicknels of the
glafs to traverle before it arrives at this
furface, cannot be refleted without
repaffing 1t, and being thus doubly
fifted, by a fubftance which, with dif-
ficulty, admits its paflage, but little
of it efcapes to act upon the thermo-
meter. I had recourfe, therefore, to
a {orface purely metallic, in order to
‘avold this confiderable lofs, and the
fpeculum of gilt plaifter, imperfect
as 1t was, in comparifon with that
of glafs, for the refleCtion of light,
proved much fuperior to 1t for the
reflettion of heat,.

I 2 § 68. But:
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“Whatbe- & 68, ‘But what becomes of the

~comes of

the fire,  heat thus intercepted-" We have juft

which is

neicher re- {een that it is not thrown by refle¢tion
fleted nor

eranfmited from the mirror, and likewife, by the

homng experiments made with the looking
glafs, § 42, we are affured that 1t 1s
‘not tranfmitted ; 1t remains, there-
“fore, in the glafs and heats it. Itis
diffufed 1 the fubftance of the glafs
in proportion to 1ts {pecific heat, and
we thould perceive its effects, without
doubt, if the mirror remained long
expofed to the calorific focus.

Refietion  § 69.:1 converfed on this fub_]e&
~with Mr..Bertrand, a celebrated pro-
feffor of Mathematics 1n our academy,
and pupil of the immortal Euler *.

He atked me if I believed cold {uf-

¥* He is author of a work entitled D!::ciaﬁe-
snent de la Partic Elémentaire des Mathématiques.

cepnblc
i
1
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ceptible of being refleted ? I"confi-
dently replied no; that cold was only
‘privation of heat, and that a negative
could not be refleCted. He requefted
me, however, to try the experiment,
and he affifted me 1n 1t #,
I difpofed the apparatus exactly as
“in the experiment for the reflettion of
heat; and employed the two mirrors
~ of tin, at the diftance of 103 feet
from each other. At the focus of one
was a thermometer of air, which was
obferved with the neceflary. precau-
tions, and at the focus of the other a
matrafs full of. fnow..

* - The academicians, del Cimento, have en-
deavoured to concentrate cold at the focus of a-
concave mirror. But they acknowledge that
their experiments had been made in a maoner
not fufficiently exalt to authorize any con-
clufions..

k3 At
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At the inftant the matrafs was placed
'f::}f experiment, the thermometer at
the oppofite focus defcended feveral
degrees, and remounted as foon as
the matrafs was removed. |

Having replaced the matrafs at the
focus, and thus made the thermome-
ter defcend to a certain degree, where
1t remained ftationary, I poured fome
nitrous acid upon the {now, and the
cold thus produced caufed the ther-
mometer to delcend inftantly 5 or
‘6.deg. lower.

§ 70. The fact was notorious, and
amazed me at firft ; a moment’s re-
fletion, however, explained 1t. This
phenomenon offered nothing more
than a final proof, if 1t had been ne-
ceflary, of the refleCtion of heat—I
conceive the matter thus :

Suppofe
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- ‘Suppofe A and B, two mirrors,
*placed in aroom of a certain tempe-
rature ; let us place, at the focus of
the mirror A, a thermometer of the
temperature of the chamber, and let
-us conceive the focus of the mirror B
to. be occupied, as it really 1s, by a
{mall quantity of the air of the
chamber of the {fame degree .of tem-
. perature. :

We have feen, § 8, that every
heated body 1s, 1n fome meafure, in
aforced ftate. Now the thermome-
ter in this experiment, how little fo-
-ever 1ts temperature may be raifed,
muft be confidered as a heated body
relatively to every colder body; its
fire, therefere, will tend to ‘abandon
it, and if it could, would diffufe it-
{elf around the thermometer in .the
form of a radiant emanation, a confi-

Ia derable
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derable part of which would ftrike

the mirror A, at the focus of which

the thermometer is placed, and would
be refletted in parallel rays to the
mirror B, from whence 1t would be
conveyed ar 1ts focus. But this effect

18 only potential, becaufe the air at the

focus of the mirror B, being fuppofed
of the fame degree of temperature as.
the thermometer, the fire it contains-
will develop the fame tenfion as the
fire in the thermometer at the oppofite

focus ; and will refift its efcape with a-

force precifely equivalent to that
which the fire in the thermometer will
exert toarmve at the focus of B. In

this cafe, then, every thing 1s in

equilibrium, and the fire cannot move,,

becaule the refiftance is on all fides

equal to the tenfion.

Buﬁ.-

|

1.
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But if, inftead of the heated air,
we fhould place at the focus of B, a
body not only colder than the ther-
mometer which 1s at the focus of A,
but which, like {now or ice, thould:
be of fuch a nature as to deftroy en-
tirely the tenfion of fire, which arrives.
there, then the courfe of the fire of
the thermometer, which, in the fup-
pofition we have juft made, was only
potential, would become aétnal. The-
prefence of the cold body would open.
a kigd of gulph to the heat of the
chamber ; 1t would abforb the more
powerfully the heat of the thermo-
'meter,-as 1t would arrive by a kind
‘of funnel, becaufe the mirror A would
receive (§ 34) about a third of the
‘calorific emanation proceeding from.
the thermometer, and would refle&t it

to the mirror B, from whence it-would
3 | be-
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‘be entirely loft in the {now contained
by the matrafs at the focus. This ar-
rangement 1s extremely advantageous
for depriving the thermometer of its
heat, in comparifon with the dire&
effect of the {ame quantity of {now at
an equal diftance. We have Hcre the
fame advantage in abforbing the heat
of the thermometer, that we had in
increafing it, when inftead of a colder
we placed a hotter body at the fo-
cus B. Hence the experiment made
with fnow does not, in fa&, other-
~wife differ from that made with the
bullet, or the matrafs of boiling wa-
ter, than by the direction 1n which
the calorific emanation moves. In
the latter 1t moves from the bullet or
matra{s of boiling water to the ther-
mometer ; from the focus of B to the
focus of A; and in the experiment

made
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made with {now, 1t moves in a con-
itrary direftion, viz. from the thermo-
.meter to the matrals of {nhow; confe-
-quently - the thermometer atts the
fame part relatively to the fnow as
.the bullet in relation to the thermo-
Imeter.

§ 71. And this explication will ap-
.ply, although we fhould look upon
the calorific effe¢t as refulting, not
drom a real emanation, but from a
peculiar vibration in fire confidered
as an elaftic fluid, filling the {pace in
which the experiment was made. It
1s known that thefe vibrations are {ui-
ceptible of being refleCted according
to the fame laws as emanations, of
which the refletion of {founds affords
us daily examples. '

.CHAP.
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CH AR, NV

- Defeription of the Apparatus made

ufe of for obferving the Tranf=

m{ﬁm of Heat through fome-
elaflic Fluds..

Method of § 72.. TI—I E examination: of the-
proceedi®s: bhenomena, which might appear in
the tranfmsffion of heat through va-
rious claftic flmids, and ‘even through
a vacuum, prefented a very extenfive
and interefting field of experiments;.
and thofe of which I have juit given
an account, afforded me the means of
proceeding in this inveftigation after
a new mode that might prove advan-.
tageous.

By
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By the method I purfued it was eafy
for me to heat a thermometer in a
ecertain tran{parent medium, without
‘heating (confiderably, at leaft, in
comparifon with the thermometer) the
medium itfelf, which, moreover, 1
could vary at pleafure. By obferving
the progrefs of the heating and cooling
of the thermometer in thefe various
~circumftances, their differences might
lead to conclufions more or lefs im-
portant, which, to me, would cer-
tainly be new. The defcription of
the apparatus I made ufe of to ac-
complith thefe defigns, will be the
{ubject of the prefent chapter. 4

§ 73. T, fig. 1., reprefents the The ther-
thermometer of mercury, whofe bulb ™"
1s 27z lines in diameter; not being
mounted, the divifions are marked
wpon the tube itlelf, and extend from

.5 deg.
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s deg. below freezing point to the 40th.
degree above, which 1s marked near
the top of the tube; the tube itfelf is.

formed into a ring at its extrémity,

and is hung upon the {tan-! S5, which

i1s alfo a glafs tube; a pair of {mall
forceps is fixt to-this tube, deftined
to keep the thermometer in its place
and pfevent its ‘ofcillations.  From

this difpofition, =2nd by employing

bodies difficultly permeable to heat,
it is evident I fought to avoid the dif-

fipation of it -when once arrived at.

the thermometer.

§ 74. Towards the top of the glalfs-.

tube, SS, is a {mall eleftrometer E,

compofed of a piece of metal in form.

of a T reverfed, fixe to this tube by a
ring, and bearing, at each extremity,

two pair of little balls, fufpended by
very fine metallic threads, like the:

electro-

|
q
|
1
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eleGtrometers of Mr. De Saufiure:
One pair of thefe balls is made of
the pith of the elder tree, the other of
two turnip feeds. Thefe feeds being
heavier than the pith of the elder
tree, afford lefs fenfible indication,
and ferve, by that means, to gradu-
ate, in {fome meafure, the {ymptoms
of elettricity, by diverging with lefs
facﬂlty

8§ 75. HH is an hygrometer ofThgthm._
hair, differing only in the form of its™""
mounting, fromr that invented by -
Mr. De Sauflure:. C the hair fixt at
the upper part, and whole 1nferior
extremity occupies the bottom of a
femicircular groove, or kind of half
pulley, of the fame piece with the
mdex of the inftrument, and moving
with 1t upon a common pivot. Hj
the {cale divided into 100 parts, from

| the
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the term of extreme dryne(s to ex-
treme humidity at the upper part,
which anfwers to 100. I fhall not
enlarge upon the qualities of this in-
ftrument, which have been profoundly
developed in the Effais fur I'Hygro-
metrie of the learned inventor, and
as the inftrument itfelf is pretty ge-
nerally known to philofophers. But
independent of the advantages which
render this inftrument, in general,
valuable, 1t poflefles one quality in 4
fupreme degree, that makes it inefti-
mable in the kind of experiments I
had undertaken. 1 mean its fenfibi-
lity, or the promptitude with which
it conforms to the hygrometric ftate
- of the {urrounding medium. In this
~particular 1t furpaffes the thermometer
itfelf, as we fhall {fee hereafter.

§76. R
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§ 76. R reprefents a fmall gage or The g2z
little barometer 1n form of a {yphon, meter.
intended to indicate either the degree
of vacuum, .obtained in the receiver
in which certain experiments were
made, or the manometric effetts of
the elaftic vapours introduced into the
vacaum. That branch-of the {yphon
on the fide R 1s open at the top ; the
other clofed. The mercury contained
in the tube had been accurately purged
of air by ebullition ; and the divifion
[hews the ftate of rarefattion from the
degree where the air is capable of {up-
porung 3 inches of mercury down
~to the leve], if it were poffible to at-
tain 1it.

§ 77. Thele four inftruments areGeneraldif-
introduced into the globe BB, fig. L., heaypus
and at fig. II. they are reprefented iy

miniature. The neck of this globe
K 13
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1s covered by a brals cap, and luted
“with the lute defcribed by Mr. De
Sauflure #, which is very convenient
in every cafe of this kind. :

The whole apparatus, reprefented
by fig. 1L, may appear complicated
at firlt view ; becaule various objelts,
connected witl. different experiments,
and which are not all employed at the
fame time, are brought together in
this figure.

Its general difpofition fhews the
means employed to heat the thermo-.
meter placed 1n the centre ‘of the
globe, and at the fame time to heat,
but very little, the flmd by which it
1s filled. It is by means of two wax
tapers and the mirrors arranged as is
reprefented in the figure.

* Effuis fur IHygrometrie, § 83.
| We
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We know, that when 1n a f{pheric
mirror the radial point 1s placed {ome-

~ where along the axis between the fo-
cus of the mirror and the center of
the {fphere, of which the mirror makes

a part, the refleCted rays converge
“towards a certain point along the {ame
axis, and there form, by their union,
the fpetrum of the radial point.
The courfe of fome of thefe rays is
traced on one fide of the tigure, and
it will be underftood, without {aying
any thing more, that, by this difpo-
fition, the thermometer will be heated
independent of the furrounding me-
dium. In order to find the true pofi-

. tion of the tapers, I employ the
means indicated § 41, and raife them
on their ftands in proporiton ‘as they

confume.

K 2 & 18.. The
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Capacity of  § #8. The ballon or globe 1s of

the globe. ” a :
thin white glafs in the form of a pear,
and contains 777 ounces, 6 drachms,
2 {cruples of water, at 10 deg. tem-
perature, which gives for its capacity
1200,199 cubic inches, from which
dedu&t 3,908 for the volume occu-
pied by the various inftruments, and
there will remain 1196,291 cubic
inches, for the volume of fluids fub-
je¢t to experiment within it. = The
neck, with 1ts brafs cap, 1s inferted
into a wooden ring open at one fide,
and {upported by three brackets mor-
tifed into a circle which ferves as their
bafe. The globe thus mounted, and
the two wax tapers are placed upon a
board, open in the middle, and this
board 1s fupported by a tripod with
an open top. -

§ 79. Two
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§ 79. Two pipes {crewed into the Merome-
. i trical appa-
i metalhc cap, which covers the neck rarus ap-

of the ballon, communicate with its gi:frjcf“h;
interior. One of them defcends ver-
trcally, and 1s furnifhed with a cock
at R, by which 1t may be opened or
fhut at pleafure; a little lower 1s a
fecond cock, whofe key may be {een
in the figure. This pipe unfcrews
between thefe two cocks, and termi-
nates m a cylindrical glafs receiver,
open below, and divided into parts,
which are thoufandths of the tetal ca-
pacity of the globe. This recéiver is
introduced into a fecond (C) open
~above to receive a quanuty of water,
which mounts to its level in the inte-
rior vellel ; the inner receiver is then
{crewed upon the ballon, at the place
already mentioned, between the two
cocks.

K, 3 Hence,



_, ( 134 )

Hence, fuppofing the two cocks
open, and the paffage from the globe
to the interior receiver free, it is eafily
underftood, that if the air contained
in the globe fhould be dilated, a part
of it will pafs into the interior re-
ceiver, which bears the divifion juft
mentioned, and preffing the water it
contains, will raife it in the fame pro-
portion 1n the exterior veffel, and the
difference of level will become a very
{enfible index of the leaft change of
volume 1n the air of the ballon.

But to know the real augmentation
of volume produced by the dilating
caufe under a fimilar preffion, Ilower
the exterior receiver C, by means of
a fcrew on the tripod T, which fup-
ports it, in proportion as the volume
of the air augments, and as the level
of the water tends to fall in the inte-

rior,
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rior, and to rife in the exteror re-
ceiver, and I thus maintain the water
at its level N, in the two veflels. So
that the divifions of the interior veflel,
{feen through the exterior, will ind:-
cate very exactly the augmentation of
volume of the air within the globe,
~ the preflion remaining the fame; that
15, the air in_the globe being con-
ftantly in equilibrium with that of the
atmofphere. It 1s underitood that we
muft reverfe the rule when the air of
the ballon 1s condenfed or diminifhes
1n volume.

§ 8o.. Finally, the lateral pipe, vicof the
which is alfo furnithed with a cock r, T
occafionally communicates with va-
_rious pieces, and amongft others, with
a long glafs tube in form of a {yphon
of unequal branches, mounted on a
flip of deal EE, divided into inches

K a4 and
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and lines, as is reprefented in the
plate. A quantity of mercury fuffi-
cient to rife in the two branches to n,
may be introduced, and i may be
then adapted to the lateral pipe L
This part of the apparatus is defigned
to (hew, by the variation of the level -
of the mercury, and 1ts afcenfion 1n
the long branch of the {yphon, the
condenfation of an air introduced into
the globe. If, for example, the dii-
ference of level in the two branches
fhould equal the height of the baro-
meter, at the moment of the exper-
ment, the air in the ballon would then
be compreffed by a weight equal to
that of two atmofpheres, and its den-
fity would be double.

§ 81. The whole of this apparatus,
{fome parts of which are of a very dii-

ficult and delicate confiruction, was
exeeuted
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executed by Mr. Paul, an aruft of
oreat eftimation with the natural
philofophers of this city, and of un-
common addrefs and fagacity. His
reputation 18 too well eftablithed to
need my approbation, but I cannot
deny myfelf the pleafure of atteft-
ing that the cocks, which are often a
defetive part of inftruments of this
kind, are fo perfetly air tight, that
having made a vacuum in the ballon
to a line and a half of the gage, I
found no fenfible difference at the
expiration of fix months, although
the air might have entered the two
cocks, R and r, if they had not been
perfectly tight.

CHAP.
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Preliminary Experiments — Eﬁc‘t
of the Light of burning Tapers
reflected upon a blackened Ther-
mometer— Influence of Daylight—
Examination of the Effect of the
Jfides of the Globe upon the calo-
rific Emanation of the Wax Ta-
pers, and of the mean Heat qf
the air within during. the mean
Continuance of thefe Experiments
—The Advantages of this Ap-
paratus for manometrical Expe-
riments.

Dhthec- S e I HE experiments related in

ployment

of apers asthe third chapter had fhewn me that

a calorific

taufe. heat pafles through glafs with extreme
difficulty,
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difficulty, and I found, that in order
to reverberate, by means of the ap-
paratus juft defcribed, a degree of
heat fomewhat confiderable upon the
thermometer fhut up in the middle of
the globe, a matrafs of boiling water
placed at the focus of each mirror
would be infufficient, and that more
ative, and, at the fame time, the
moft conftant caufes of heat pofiible
(fuch as burning tapers, for example)
‘would be requifite.

As yet we have had no good expli-
cation of the manner in which a ftrong
light {fometimes excites heat ; but the
fact 1s not, therefore, the lefs certain,
and I think we may confider the taper,
at the-focus of each mirror, as a body
at once hot and luminous, which, by
the refletion of this double emana-
tion, produces upon the thermome-

ter
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ter a grcater effect than if 1t had been
a hot body not luminous, or than if it
had diffufed light without heat. |
§ 83. We know that black bodies
powerfully abforb luminous emana-
tions, and that from thence heat re-
fults. We have hikewife feen, § 57,
that the fame bodies are, as we may
fay, tranfparent to heat, that is, they
tranimit it readily, 1 was therefore
curious to try upon the fame ther-
mometer, alternately blackened and
bright, and fufpended in the open air
at the common focus of the two mir-
rors, the eflet of thefe two caufes
united in the tapers. -
I blackened, at the flame of a
candle, the bulb of a thermometer
to fuch a degree, that the image of a
lichted candle was fill reﬁe&ed by

the bulb 1delf.
The
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The thermometer thus prepared
and adjufted at the common focus of
the two mirrors, rofe in 1025 feconds,
from 8 degrees to 34, which I found
to be the maximum of the calorific ef-
fect of the tapers.

The fame inftrument perfectly
cleaned and bright, placed in the
fame manner, rofe in 937 feconds
from 8 degrees to 22, where it alfo
reached its maximum. By comparing
the time in which an equal afcenfion
had taken place in thefe two examples,
I found that, with the bulb clear and
bright, it had required 713 feconds
to raife the thermometer from ¢ de-
grees to 21; and that to produce
the fame effe® with the bulb black-
ened, it had required only 260 fe-
conds.

Thus
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Thus we fee, that the bulb of the
thermometer blackened, receives, from
the double action of the light and
heat of the tapers, a calorific influ-
ence much furpaffing that which takes
place when the bulb 1s perfectly bright
and clean.

§ 84. Having compared the effect
of heat upon the fame thermometer,
whofe bulb was alternately bright and
blackened, I was defirous of know-
ing the influence of the fame circum-

- ftances 1n 1ts refrigeration.

The refult 1s very remarkable, as
may be {een by comparing the num-*
bers of the following table. The
firft column expreffes the degrees of
the thermometer ; the fecond, the re-

- frigeration from degree to degree, the

bulb being clean ; the third, the time
of refrigeration withthebulbblackened.
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{ [ntervals of the refrigeration
Degrees of|from degree to degree in fe-
the therm.| ~ = conds.

Bright bulb.|Black bulb.
I1I.
} 97" 113.7
12,
86. 100,
13.
: } 68. 76,
14,
* } [{°8 68.
I3,
% %: 46. 5I.
16.
41, 48.
74
34 39-
18.
30, 40.
i 24. 30,
20. 1 ; i
21, f 26. 30"
5o3. ggcL.”

The
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The refrigeration appears flower,
the bulb being black, than in the
other cafe, and on comparing the fum
of their differences, it will be found
nearly in the proportion of 5 to 6.
The caufe of this difference is pre-
bably the refiftance made by the black
covering to the paﬁage of the heat,
when it tends to quit the thermometer
where it was colleted ; for we know
that charcoal is one of the worft con-
ductors of heat. |

§ 85. The remarkable infiuence of
the black ftratum in augmenting the
calorific effet of the tapers upon the
thermometer, led me to {ulpect that
daylight alone might raife the black-
ened thermometer higher than one
which was clean.

In order to verify this fufpicion, I
chole two thermometers of mercury,

which
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which agreed well with each other. 1
blackened the bulb of one of them,
and then placed them together in a
dark clofet. At the moment I opened
the door I found them agree, but the
attion of the light foon raifed the
black thermometer 2 or 3 terths of a
degree above the other, and this dif-
ference continued as long as they were
mutually expofed to daylight, and
ceafed as foon as they were again fhut
up'in darknefs. 1 am perfvuaded that
the fame caufe produces a fimilar ef-
fe on the thermometers of fpirit of
wine, whofe colour 1s a deep red, and
that if they agree with thofe of mer-
cury at night, they are raifed a little
more in daylight, and fo much the
more as the light 15 ftronger. I have
feveral times thought 1 obferved this

variation 3 and 1t 1s known that this
i difference
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difference amounts to 10 degrees and
more, when expofed immediately to

the rays of the fun.’ '
By placing at the centre of the bal-
lon, defigned for thefe experiments,
a blackened thérmometer, I fhould,
- “without deubt, have raifed its tempe-
rature : but the effe& produced upon
the clean and polithed bulb was {ufh-
cient for my purpofe ; the prefence of
the ftratum of black would have com-
plicated the'refults ; and its influence
in certain experiments, which I me-
ditated, would have been hurtful :'1
therefore preferred making ufe of the
thermometer defcribed*at § 57, with-

out any addition.

Examina- — § 86, Having found the calorific

tion of the
;tji & e;“ri-ceﬁ"c-i of the two tapers upon the ther-
1aes ot tite - ¢ = =
balon on mometer {uf peiided 1n the open air at
the calorific

emanation the conrmon focus of the two muirrors,
f thetas
A placed

F:;Si
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placed in the manner defcribed at
§ 61, it became neceflary, before I
commenced a courfe of experiments
in the ballon, to examine to what de-
gree its fides intercepted the calorific
emanation. Two confecutive experi-
ments were to be made for this pur-
pole, 1n which every circumftance
{hould be abfolutely ‘the {ame, except
that 1In one the thermometer was
placed at the common focus of the
two mirrors within the globe, and in
the other the {ame mftrument at the
fame place in the open air, the globe
being removed. The comparifon of
the heating and cooling of the ther-
mometer in thefe two cafes would
give me the effe&t of the fides of the
_glt}be.

. Here follows the table of thefe ex-
periments.

L2
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Sum - =-1123” . Q11"

Heating. f Cooling,
Therm.; Therm. Therm. | Therm
Degrees { inthe | without || Degrees | in the | without
ballon. 'the ballon baullon. fche ballon
9'} 88.”| 33.” 21, | 26,7
10. 20.
; gc. | 3%, { i 24.
ol g2. 38. § e 36.
F :
ik 100, | 48. [ % 34.
| Vs
ER N RN T 67."] 41.
{.
14-} 130 §2. | 10, 83. | 46.
15-} 160, | 66, | :s-} 103. | so.
16.} 330. | 8o -‘14-} 99- | 68.
| _
1;:.} e ! 9t- | 13-} 196. |- 86.
_ 13.} 5 i i 12.} 18%. 97.
19.} L I | 11.} 257
!
zo.JL 3 84. | 10.} PPk
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It is obfervable on the firft infpec-
tion of this table, that the movement
of the mercury exhibits more 1rregu-
larity in the procefs of heating than
during the réfri-geration* and the
whole courfe of thefe experiments
confirms this remark, the caufe where-
Cof it.is not difficult to afcertain. 1
faw that very inconfiderable differences
in the placing of the tapers, in the
vivacity of therr flame, had a very
fudden and notable influence on their
calorific effe®. The obfervations
from degree to degree made during
the cooling, which were affe®ed by
no other caufes of irregularity than
the combined errors of the divifion of
the thermometer, and' of the obfer-
vations themfelves, ought, for this
reafon, to exhibit a more regular pro-
greﬂion ; and for this reafon, alfo, I

L2 oIVE
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give more faith in general to the re-
{ults of the obfervations made during
the refrigeration, than to thofe drawn
from the obfervations made during the
heating of the thermometer.

- We {ec allo, that the thermométer,
placed within the globe, rofe, by the
altion of the tapers, from ¢2. to 17°.
12 the {pace of 1123 feconds; and
without the -globe, in circumftances
otherwife perfeéily the fame, it rofe
in gr1 {econds from ¢°. to 22°. that
13, five degrees higher.

By comparing the intervals of time,
during which a fimilar rife had been
produced in thefe two circumftances,
I found that the thermometer without
had rifen in 409 {econds the 8¢ which,
within the globe, it had required 1123
{econds to attain,

This
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‘This confideration thews us already,
that the fides of the ballon intercepted
‘a quantity of heat nearly equal to } of
the whole emanation refletted by the
MIITors.

And if we attend to the cooling of
the thermometer in the open air, and
within the ballon, we fhall {ce, that

it required %733 {zconds to defcend w
from 17° to 11° within the globe,

and only 388 feconds to defcend the
fame number of degrees in the open
air; that 1s to fay, the refrigeration
was effeCted nearly one half quicker
in the latter cafe.

If, therefore, the thermsm:ter had

been heated in the open air by a third .

put-of the hear, which pafied through
the fides of the globe in the experi-
ment of heating, the refrigerant a&tion
~of the open air would have deftroyed
L g4 ~ the
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tne effect of almoft half this quantity
upon the thermometer; hence we may
conclude, that the fides. of the globe
intercept-about § of the calorific ema-
nation, which would otherwife arrive
at the thermometer. And although,
in order to fimplify the calculation,
which is only an approximation, I
have taken for granted that the periods
of time, during which the fame in-
creafe of temperature 1s produced upon
the fame body, are proportionate to
the intenfity of the heating caufe,
which, perhaps, may not be rigo-
roufly true, particularly in the ex-
tremes 3 yet, I-believe, the error
refulting therefrom, 1n this particular
cafe, will not merit atwention.

§x87. The firft enquiry to be made
after thefe preliminary experiments on
the efcét of the fides of the globe,

was
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was the mean degree of heat produced
-3n the air of the globe, by the procefs
I ufed to heat the thermometer. Two
caufes tended to heat this air. 1ft,
The heat propagated through 1t ; 2nd,
the heat accumulated in the thermo-
meter again iffuing from 1t, and dif-
fufing 1tfelf through this medium.
Thermometers placed within at diffe-
rent parts of the globe would have
indicated this mean temperature; but
they would have complicated the ap-
paratus, and a method more fimple
prefented itlelf; viz. the manometric
effet of heat upon this air, or the
augmentation of volume 1t underwent

during the experiment.
In the defcription of my apparatus,
it has been fhewn by what means 1
could obferve this dilatation within
much lefs than a thoufandth part of
the
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the total volume ; and in order to de-
duce from hience the heat of the air,
not having made ary dire®t experi-
ments upon this {ubject, 1 could avail
myfelf of the principles of other phi-
lofophers in this refpeét. And amongft
thofe who have examined this fubject
in particular, General Roy appeared
to me- to- merit great confidence. It
refults from the experiments given in
his excellent memoir concerning ba-
rometrical meaflurements, mferced 1n
the Philofophical Tranfations of the
Royal Society of London for the year
1777, that in a temperature between
522 and 62° of Farenheit (or + 8 3
and + 13 § of the fcale of 8o parts)
the mean expanfion of atmofpheric
alr 15 0,0026 of its volume for each
degree of increafed temperature. This
refult applied to the {cale of 8o parts,

the
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‘the degrees of which are to thofe of
Farenheit, as 29 % to 1. gives 0,0053 3
of dilatation for each degree of this
{cale #.
Now the mecan dilatation of the
air in three experiments, whofe mean

deviation

* Mr. Trembley, in his Memoir on Barome-
tric Meafurements, which concludes the 2nd
volume des Poyages dans les Alpes de My. de
Sauflure, adopts a proportion fomewhat diffe-
rent, ViZ. 35 OF 0,00521 augimentation of vo-
lume of common air for each degree of the fcale
of 8o parts. This number is, without doubst,
the neareft the truth, if we confider it with
Mr. Trembley as the mean coefficient of re-
{ults affected by a crowd of different elements,
and above all by the errors neceffarily com-
mitted in the efltimation of the temperature of
the airy, as 1 fhall elfewhere thew (fee chap.
vii.)., But this proportion of dilatation did
not appear to merit a prefetence, in this parti-
cular cafe, to that refulting from the direct ex-

periment
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deviation was 32 minutes, was found
to- be 0,01490, which, according to
the eftimation already mentioned, gives
29,5 for the mean heat of the air in
the globe during the experiments, In

- which the mean afcenfion of the ther-

Advantages

of this ap-
paratus for
manome-
tric experi-
ments,

mometer, placed in the middle of this
mafs of air, was 11°,8 the point of de-
parture being between 7 and 8 de-
grees.

§ 88. The great advantage of this
apparatus for a courfe of manometric
obfervations 1s manifelt. We are
enabled by its means to mark with
the greateft exactitude the dilatations

periment of General Roy, againft which 1 fee
no objection, fo long as he has remained within
the degrees of heat confiderably below thofe
avkich convert avater into an elaftic wapour ca-

pable of difplacing atmofpleric air.

corref-
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correfponding to the changes of tem-
perature to which the whole of the air
it contains is' {fubjected. The hygro-
meter would always thew the ftate of
the air under experiment, relatively
to the watery vapours, and the appa-
ratus, by its nature, would conftantly
preferve the fame degree of preffion
on the air fhut up 1n it, as the ambi-
‘ent atmofpheric air {fupported. 1 look
upon this laft circumftance as very im-
portant, and no manometric appara-
tus known to me poffefles it. Thefe
experiments will foon become the
fubje¢t of a work, in which I have
been long occupied, direted particu-
larly towards perfetting the meafure-
ment of heights by the barometer.

CELAE,
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CHAP. VL

Experiments in the dry and moift
Vacuum filled with the Vapour of
Ether—With eleciric Fluid.

§ 8o. PI.{EVIOUS to the inveftiga-
tion of the motion of fire in aeriform
fluids, 1t was neceflary to confider it
in vacuo, then to make it pafs through
watery or other elaftic vapours intro-
duced into this vacuum. Thus the
modifications of fire, obferved in the
moft fimple combinations, would be-
come lefs difficult to diftinguifh, when
I thould have occafion to add to thefe
elaftic fluids, whofe nature is not truly
a¢rial, either atmofpheric air or other

perma-
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pcrmanéht’iy elaftic fluids, which may
all contain more or lefs of thefe fame
vapours. The experimehts_f"hlade in
vacuo, under this point of view, form
the {fubject of the prefent chapter.

§ go. Iemployed for the exhauftion Exhaufion
of the ballon two different air pum ps.fnfhe 2
The largenefs of the pipe of the firft
rendered its operation rapid, but its
conftru&ion did not allow me to oh-
tain thereby the degree of rarefacticn
I defired. 1 employed, therefore, for
this purpofe, one of the new pumps
made by Hunter of London. This
inftrument, by a particular and very
ingenious mechanifm, f{upplies the de-
fe&t of elafticity in the laft portions of
air temaining 1n the receiver, which
are unable to raife the valve of the
common pumps, and thus remedies,
to a certain point, this defect, which

hinders
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hinders us from obtaining, in thefe
inftruments, a very confiderable de-
gree of rarefaction. But even by this
improved machine I have never been
able to procure a vacuum in the globe,
beyond the term where the elafiicity
of the remaining fluid fupported the
mercury of the gage at 1 line +%5; but
I attribute at leaft one half of this
effect to the watery elaftic vapour
which remains in the globe. And to
obtain even this degree of vacuum,
it ' was neceflary to-employ the follow-
ing means : having gamned a certain
degree of rarefattion by the ordinary
method, I heated the globe at a clear
fire, until the thermometer within rofe
to 40°. At this temperature I placed
it on the pump, which I worked un-
til the mercury in the gage appeared

{tationary.
Notwith-
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Notwithftanding this degree of ra-
refaCtion, it is certain that {ome wa-
ery elaftic vapour ftill exifted in the
slobe ; becaufe the hygrometer never
lefcended lower in thefe circumftan-
ses than the 13th degree above the
erm of artficial ficcity, obrtained by
neans of alkalis, chofen by Mr. De

Sauflure as the inferior extreme of his .

aygrometer : befides, it 1s known that
his elaftic vapour 1s 1nexhauftible,
ind that it is reciprocally produced
ind deftroyed by the alternate motions
f the fucker. However, the vacuum
it this degree of the hygrometer may
se confidered as very dry, compared
vith the degrees bordering upon the
:xtremes of humidity, in which, by
vay of oppofition, I propofed to make
he fame experiments.

M  91. The
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§ 91. The pamculars I am about

diyvacoumto give of the experiments made in

the dry and moift vacuum, will ferve
as examples of the manner in which I
procceded in all the others, whofe de-
tails 1 thalltherefore omit. and only ftate
the comparifons made between them.
All thefe experiments were made in
my cabinet of phyficsin which I
never light a fire. This chamber s
21 feet 1n length, and 14 in breadth,
and thé apparatus was placed in the
middle. That the combuftion of the
tapers might be as uniform as poff:ble
during the experiment, I allowed them
to burn {fome time before I adjufted
them at the focus of the {pecula.
And 1 remained at the {fame diftance
from the apparatus the whole time of
the experiments, which were com-
monly made in an initial temperature

of
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of 6 to 8 degrees. In the following
table of the experiment made in the
dry vacuum, the middle column
fhews the degrees of the thermome-
ter ; thofe on each fide thew the hours,
minutes, and feconds, in which the
mercury reached each degree of the
divifion traced upon the tube, as well
afcending as defcending; and the two
exterior columns mark the intervals,
from degree to degree, in feconds.

M 2 § '92.‘0:1 '
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§ 92. On the infpection of the co-
lumn of differences in the procefs of
hﬂatmg, we obferve an irregularity,
owing to the burning of the tapers, of
which I have {poken, § 70; and we
alfo remark that the intervals from 19 to
20, and from 20 to 21, although they
approach nearer the maximum than the
two preceding intervals, have been
traverfed 1n lefs time, becaufe the ta-
pers burnt better.

It may likewife be noticed, that the
firft interval, whether in the procefs
of heating or of cooling, 1s a little longer
than that which immediately follows.
This faét, which appears pretty con-
{tantly in the courfe of my experiments,
may be explained by the inertitude of

the mercury of the thermometer #.

* Mufchembroeck had nbf:rved it in his

ﬁ}}' QMELEY Se

By
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- By adding the time elapfed from
one degree to another in thefe two ex-
‘periments, we {ee that the thermome-
ter employed 2064 {feconds 1n mount-
ing from 7. to 22° where it arrived
at its maximum, and 2145 {econds
in defcending from 21°. to 8°. '

But I here inform my reader, that

in the comparifon I am about to make
of the refults of various experiments,
I fhall always exclude the extreme
intervals towards the maximum of
‘heat, and towards the laft term of re-
frigeration. The motion of the ther-
mometer being then {o flow, as necef-
farily to render the obfervation not
exact. _

§ 03. In order to repeat the fame Experi-
_experiment in a moift vacuum, I Wy i
waited until the external circumftances
were as conformable as poffible to thole

M 3 which
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which obtained during the experiment
1n the dry vacuum. The tapers and
every other part of the apparatus were -
the fame ; - the fides and interior of the
globe were  equally tranfparent in
both experiments. I fupprefs the
particulars, which relate to the intro-
dution of the aqueous irapo{lr, and
to fome experiments which it occa-
fioned. Thefe, together with the
phenomena prefented by the ethereal
vapour, 1n fimilar circumftances, will
make the f{ubjet of the following
chapter.

The table of the experiment in the
moift vactum contains two additional
columns, defigned for the hygrome-
ter, whofe variations 1n this experi-
ment are worthy notice, although
{carcely obfervable in the fonn'er.

he
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The procefs of heating exhibits ir-
regularities of the fame fort as thofe
we obferved in the aforegoing expe-
riments, and they are clearly owing
to the unequal combuftion of the
tapers. |
| §9.f§; The difference of mo?ﬂcureg}ﬂnﬂffmj&::
in the two experiments we are goingtwo expe-
to compare, anfwers to 76° of thie 7=,
hygrometer, which was at 17°1n the
former, and at 93¢ in the beginning
of the laft experiment. The watery
vapour Introduced into the ballon
acted upon the gage with a preilion,
capable of {ultaining a column of
mercury of 3+ lines, at the mean
heat of the experiment ; for, although
no air had been introduced, we ab-
ferved the gage, in the fecond exje-
riment, at 4°,¢; whereas it was only
at 1°,4 in the firft.

M4 % The
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Heating. Cooling. '
~ Dry Moilft Dry Moift
vacuum. |vacuum, | Degrees. | vacuum. |vacuum.

9'9.” 86./ #
: e _
93 T4 507."" | 385"
. Ga
I10D. 64. 313. 310
' 10. 4
97 64. 250. 243
Ir. :
97. 32, 200, 197.
T2
10T, 97. 158. 171,
i
96. 99, X27. I30.
14.
101. 82. 115, I21
1.
135, 103. 102. I13.
: 16.
. T'43e 128, 90, 84.
X7
167. 238, ' 8o. 84.
18.
190, 208 68. 86.
f Sk 9.
147, 140+ 65. 6o.
: 20.
153. 270, 70. .
2%,
345. .
22.
2064 1732. 3145, 2194. Tt}tal duration.
1719, 1462. 1643, 1609. [Sum, omitiing

the lait interval

—— e e e e
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§ 95. Letus firft confider the heat-

ing : We obferve the maximum at 21°
in the moift, and at 22° in the dry

vacuum.. This refult is not furprizing,
-as 1t 1s eafily to be conceived, that

the watery vapour, diffeminated in
the globe, ought to intercept part of
the radiant heat; and befides, as it
prefents a body whofe {pecific heat is
greater than the {pecific heat of the
vacuum, it would abforb more efk-
cacioufly the fire of the thermometer
as 1t arrived, and would prevent it
from acjuiring that degree of tenfion
i the inftrument which it would have
acquired 1n a pure vacuum.

The more {peedy heating, which
took place in the moift vacuum, would
feem to contradict this explanation, if
we could not reafonably mmpute the
difference to the unequal combuftion

of |

el i
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of the tapers, of which we have feen
indubitable proofs in the procefs of
heating. And I confider myfelf the
more authorized to attribute it to this
caufe, as 1n a former experiment
(19th Nov'. 1785) made in .a dry
vacuum, I obtained the fame mawi-
mum of 22° in a {pace of 1700 fe-
conds, or in 1450 feconds, if we
- omit the interval which preceded the
maximum. ¥ hefe numbers approach
very near their correfpondent numbers
5522 and 1462, which I obtained in
the moift vacuum; and I thould have
chofen this EXperiment for my compa-
rifon, if the vacuum had not been
lefs perfect by  line.

§ 96. The duration of the cooling and in the
was 41 feconds, or about %5 longer o
the moift vacuum; and yet two cir-
cumftances fhould have contributed
o
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to accelerate the refrigeration in this
experiment.  1ft, The thermometer
rofe to 21°. only, and in the dry va-
cuum 1t rofe to 22°. 2nd, The
whole duration of the heating was
2064’ in the dry, and only 1732” in
the moift vacuum ; by which means,
the thermometer, the {pace within the
ballon, and the fides of it alfo, ought
to have accumulated much more heat
in the firft experiment; and yet the
cooling of the thermometer was
quicker in the dry than in the moift
vacuum, which I endeavour to ac-
count for in the following manner:
This - propagated heat, which refults
from the affinity of aggregation be-
tween the fire and the watery mole-
cules, and which has fo much dimi-
nithed the radiant heat upon the ther-
mometer, {eems to me to explain the

flownefs
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flownefs of the refrigeration ; for the.
fire diffeminated in the vapour, 1s re-
tained, by virtue of this aifinity, with
a certain energy; and confequently
the rupture of equilibrium between
the fire of the thermometer, and that
which is diffufed in the furrounding
medium 1s fo much lefs, and the cool-
‘ing of the thermometer neceffarily {o
much flower #,

) 97. Having

* In a courfe of experiments made by
Mr, Benjamin Thompfon, on the conduétive
faculty of a vacuum, and of dry and moift air, -
(Phil. Tranfac. 1480, 2nd part) he agrees with
| me, that a vacuam does not condutt fo well as
air : but he finds, on the other hand, that moift.
air conduéts better than dry. I was much fur-
prifed on reading this remark; but I foon dif-
covered the reafon of it, in the very method
the author employed in thefe experiments. His

apparatus coafifted of a thermometer inclofed
1n
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Experiment & o5, Having thus tried, to a cer-

in the moift ¥
cthereal va-rain degree, the influence of watery

cuum, ¢ X
vapours introduced into the vacuum,

upon

in a globe of glafs of a much larger diameter ;
he plunged the globe alternately into ice and
boiling warer, and oblerved the time of the
heating and cooling of the thermometer ; but
in his experiments on moift air, he humected
the air by wetting the infide of the globe which
contained the thermometer * furrounded by air
““ rendered as moifl as poffible by awetting the infide
¢ of the cylinder and globe with water.”

Now it may eafily be conceived that this
water fuddenly converted into an elaftic fluid
by the heat of boiling water, is thrown upon
the thcrmometer with that energy which it is
known this mixt fluid is capable of exerting in
thefe circumitances, and depofites, in falling
ukp:}n the thermometer, the heat of evaporation
it had acquired by its contact with the interior

furtace of the glafs. The circumf{tances, there-
fore, of our experiments are not fimilar; but

whoever

-
.

L e
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upon the cooling of the thermometer
placed in the middle of them, I was
defirous of trying the effect of the va-
pour of vitriolic ether, which may be
confidered as of an oily nature. The
following chapter contains the parti-
culars of the introduétion of thefe
vapours, and the phenomena which
accompanted it. It will be fufficient
to obferve here, that I cculd not ob-
tain a dry and ethereal vacuum at the
{fame time ; becaufe the water, which
makes an integral part of ether, how-
ever well it may be reftified, enters
with it into the ballon.

whoever will read Mr. Thompfon’s excellent
memoir, will fee, that every time the experi-
ment has been made 1in degrees of heat much
below boiling water, the refults agree with
mine, thatis, that moift air is proved to be not
fo good a conductor of fire as dry air,

it
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. It may be obferved in the following
" table, that the progre(s of heating is
fomewhat irregular, which may be
attributed partly to the defeéts of -the
tapers, and partly to imperfect obfer-
vation. The ethereal vapour liquified
and extended the varnith, with which
the divifions on the tube of the ther-
mometer were then traced, and ren-
dered 1t impoffible to obferve with
precifion. I even fulpect that an er-
ror of a minute has occurred between
the 11th and 12th degrees of the
thermometer.  The courfe of the hy-
grometer {eems to approach that ob-
ferved ‘in the moift fimple vacuum. -
The height of the gage declares the
elafticity of the ethereal vapour, to
which its elevation is {olely owing, as
no air had entered the globe.

State
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State of the inflruments.

Within the

bBerore the CXpciment.

Ther. Hygr. Gage

Alver the Cxperiteut,

Ther. Hysr. Gage.

ballon 8,4. o9b. 11,5- O . Pbe. 17,0
Withoat the
ballon LT s A 907 79 o m e
Heating, qu)i_ingi
IDifference from onc Difference from n:‘:ci
{Hygro- [degree to another in| Degrees. |degree to another injHygro-
meter. feconds. {econds. meter.,
{}ﬁ_ 8341-
33 rr
95 9.
87.
G455- 10. 95
98, 480."
94,2. 11, 94.
+ 67. 305.
03,8. I2. 93,5-
122. 3C5.
93,7 13- 91,9.
95, 1835
93,3: 4. 92,6,
85, 163,
9311“' 15" 911:'
133. 136,
92,8. 16. g2, T,
134 135-
92,5 - 17. 91,8.
176. 6 & 1
92,0, 18. QI,5.
IEO- 83“
91,0. 19. 91,4.
159. 75
9r1,5. 20. 61,0.
2006, 90,
91,2, 5y
175. NIl
9T, 213. maximum.
r 800, agaoff
daration of the duration of the
heating. cooling,

LS
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Heating. Cooling.
Moift Moift Mot Mot
imple | ethereal | Degrees. { fimple { ethereal
vacuum. | vacunum, vacuum. | vacuum,
9.
64." 87,11 310."
10,
64. 98. 243. 480."
1 . IIs 1
32, 67. 197. 305,
12
97. 122, 171, 305,
3.
99 95 130 185
. 14.
8z. 85. 121 163
Lk,
103, I33 113, 136.
16.
123 134 94+ o i
ITe
238, 176 24. 111
18,
203, 180. 86. 83.
19.
140. 159, 6o. e,
20. -
2504 200, - 99,
21,
L
1572 1542. 1609. 2070.
1302, 1336. 1299, 1590.

Total duration.

Sums, omittirg

the latt interval,
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The maximum appears the f{ame,
within % of a degree in the two expe-
riments. But, in fa&, the thermo-
meter rofe lefs in the ethereal vacuum,
by reafon of the {maller diftance from
the point of departure, which, we
have obferved, was about two degrees
higher in this than in the former.

The duration of the heating was
nearly equal, and we fhall fee, by
the difference in the cooling, that this
equality 1s probably owing to the
compenfation of two oppofite effects.
The radiant fire certainly arrived with
more difficulty through the aeriform
ether, than through the fimple watery
fluid, and for this reafon the heating
ought to have been flower. But the
-ethereal vapour, being more difficultly
permeable, would retain more effica-

cioufly, in the thermometer, the fire
which
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which tended to efcape, in proportion
as 1t accumulated. '

In comparing the refrigerations, we
cannot oppofe, one by one, the in-
tervals -elapled between fimilar de-
grees of the thermometer, becaule
the whole extent 1s two degrees more
confiderable in the firit than 1n the
{econd experiment; but by comparing
the fums, and omitting, as ufual, the
laft intervals, I find the cooling of
the fame number of degrees, reckon-
ing from the maximum, lalted 1299
{econds in the moift vacuum, and
1590 1n the moift ethereal vacuum ;
that 1s, it was nearly a quarter flower
in this laft cafe. |

Ard yet this is the lealt poffible
difference ; for if I had confidered as
the laft interval of refrigeration in the

n‘u}iﬁ vacuum, not the number 310,
N 3 which
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which exprefles the cooling between
9 and 10°, but the number 585",
the duration of the cooling between
8¢ and 9%, and truly the laft interval ;
we [(hould have had the comparifon
of the cooling in the moift vacuum
exprefled by the numbers 1024 and
1590 ; that is, the cooling, in this
laft cafe, would have been about one
half flower than in the fimple moift
vacuum. This difference 1s indeed

confiderable. |
It is not furely to the {pecific heat
of the ethereal vapour, that we ought
to attribute this enormous difference,
but rather to the difficult permeability
of this vapour to liberated fire. The
ablolute quantity of fire introduced
into the globe was nearly the fame in
both experiments, fince their total
durations only differ 30 feconds, and
| even
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even this difference is in a contrary
{enfe to that which would tend to ex-
Rlain the difference of thefe refults
by the quantity of fire introduced.
It 1s probable, therefore, that the fire
1s not retained 1n the ethereal vapour
by afanity, as the f{pecific heat of
ether not being fo great as that of
water,. 1t is likely that the {fame pro-
portion {ubfifts in a ftate of vapour.
I prefume, that the ethereal vapour
afts as an oily fubftance, and we
know that thefe fubftances are very
bad condutors of heat. It s, there-
fore, from the difficulty which fire
experiences 1n traverfing a vapour of
this nature, that it fo flowly quits the
thermiometer.

§ 9g9. After thefe experiments ontfiaofche
the ethereal vapour, I propofed to tr}f,;z:;-riﬂ: the
in the fame manner, the effe& of {pi-T"""""

N 4 rituous
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rituous vapours, obtained from fpirit
of wine. But the ethereal vapour had
attacked the varnith in every part of
the infide of my apparatus, fo that it
became neceflary to fulpend my ex-
periments, in order to repair it. The
hair of the hygrometer, deeply im-
pregnated by this oily vapour, had
loft 1ts {infibi'ity, and I was obliged
to fubftitute another. T feared left
thefe inconveniences fthould recur, in
{ome degree, during my intended ex-
periments on {pirituous vapours; I
therefore renounced them, to examine
the eleftric fluid, which, at the {ame
time, prefented me with an attralting
novelty.

§ 100. I am in poffeffion of an ex-
cellent electrical machine, whofe cy-
linder, made by the famous Parker of
London, is 53 inches in circumfe-

rence,
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ference, and 23 inches long. The
-~ glafs is very electric, and when it is in
order, and the weather favourable, 1
can draw {parks of fome denfity from
the extremity of the conductor, at the
diftance of 15 inches.

‘The general difpofition of the ap-
paratus was the {fame as during the
preceding experiments; the globe,
placed 2z feet from the conductor of
the eleCtrical machine, was fupplied
with ele¢tric fluid by a metallic com-
munication, connected with the brafs
ring which furrounded the neck of
the globe, and the board that {up-
ported the globe and the two tapers,
infiead of being placed upon tae tri-
pod, as in fig, 2, was placed upon an
infulated ftand. ‘The exhaufted glicbe,
thus difpofed, would be filled with
the electric fluid as long as the expe-

riment



Firft trial.

(. 158" %)

‘riment of heating and cooling con-

tinued.

§ 101. I firft examined whether

electricity alone would have any effect
upon the feveral inftruments contained
in the globe. The inftruments were
as follows: Thermom. ¢%,9. Hy-
grom. 12°,8. Gage 1,75. Eletrom.
o. 1 eledinfied durning five minutes,
and faw no movement in any of the

inftruments. It will, without doubt,

be thought furprifing, that the elec-
trometer, although very fenfible, did
not diverge; but if we refle®, that
the ballon was filled within, and f{ur-
rounded without by a denfe pofitive
eleCtric atmofphere, and that the in-
ftrument plunged in this atmofphere
could not be deprived of its natural
electricity, our {furprize will ceafe.

e

§ 102. 1
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§ 102. I now made two confecu- Esperi-
ments In

tive experiments of heating and cool-« the electi-
ing. The firft by continually eleeri- et and

non-elec-

fying the apparatus, and the fecond‘;ﬁfl‘f R
without eleétricity. The inftruments
previous to thefe experiments were as
follows : Hygrom. 13°. Gage 1,85.
Thermom. in the globe + ¢°,. Ther-
mom. in the chamber ¢°,5. I omit
the experiments themfelves, in order

to give their comparative refults.
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§ 103. It 1s very remarkable, that Remarks.
the procefs of heating was more {peedy
by nearly one third in the electrified
than in the fimple vacuum ; and this
difference is maintained from degree
to degree in an unqueflionable man-
ner.

This circumftance will appear {till
more extraordinary, if we confider,
that this {peedy heating was produced
by a calorific caufe, whofe energy
~was manifeftly weaker; for, in this
laft experiment, the electricity which
efcaped by the tapers caufed an in-
conftancy in their flame, and in gene-
ral they burnt very ill. Hence, al-
though the heating caufe atted more
{peedily, it had lefs abfolute denfity
in the ele&rified vacuum, where the

thermometer rofe only to 1%7°%, than
| 1n
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in the fimple vacuum, where it rofe
o 20Y.

This fa&k may be explained, by
| fuppofing that the ele&ric aion pro-
duced a certain heat, which, uniting
with the calorific emanation of the ta-
pers, augmented their effect to a cer-
tain point; but the heat, thus pro-
duced, being confined in the extent
of its alion, could not influence the
maximum, which was diminifhed by
the imperfe® combuftion of the ta-
pers.

As to the refrigeration, the obfer-
vation marked by an afteritk appears
to merit rejeGtion. Nor ought we to
compare the firft degree of this pro-
cefs, from 17° to 16° in the eletri-
fied vacuum, with the correfponding
degree of the other feries; feeing,

that

i e il T Sl i
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that the firft degree of refrigeration i3
always flower, from a kind of ftagna-
tion which the fire experiences when
the courfe of its direction 1s changed ;
finally, we ought to rejelt, as we have
always done, the laft interval of the
cooling. There will, therefore, re-
main only three degrees to be com-
pared, which offer nearly a fimilar
progreflion.

§ 104. Thefe firft refults led to aRepetition
difcovery of faéts too interefting fu:)r;f:iiitiﬁfa-
me to neglet repeating and varying ~ "
the experiment which had furnithed
them. I therefore repeated, as {foon
as poflible, the fame experiment,
with -this difference only, that I now
infulated the tapers, by placing them
on large glafs falvers, varnithed with
.~ copal. The mftruments were as fol-
low :
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§ 103. In this experiment with the

tapers infulated, the difference in the

promptitude of the heating between
the electrified and fimple vacuum dif-
appeared ; but we find a variation in
the oppofite fenfe, viz. the thermo-
meter 1n the fimple vacuum traverfed
the intervals from ¢°. to 19°. more
quickly than in the ele¢trified vacu-
um, in the proportion of 965" to
1050”.

The thermometer rofe 4 degrees
higher in the fimple than in the elec-
trified vacuum. - This fa&t was eafily
forefeen; becaufe, notwithftanding the
infulation of the tapers, they were
too much affeted by the denfe elec-
tric atmofphere to burn fo well du-
ring the time the eleftrical machine
was m action, as during the time it
was in-repofe.

Lhe
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The refrigerations, compared in the
correlpondent 1ntervals, appear more
flow in the eletrified than in the im-
ple vacuum, in the proportion of
1410 to 1285"” viz. about v~. Was
this occafioned by the eleétric fluid
entering the globe united to the fire,
which became its deferenr fluid, and
acquired intenfity by that union, or
was it a confequence of the difhicule
permeability of the electric fluid to
fire? Befides, the progrefs of the re-
frigeration offers firiking irregularities,
of which I know not the caufe, as
they even exceed the bounds of im-
perfettion 1n the obfervations them-
felves.

§ 106. To know whether thefe new ;a4 experi-

ment wrt]l

refults ought to be imputed to the 1n-tapers not

fulation of the tapers, it was necefiary
to repeat the experiment in the fame
) 4 circum-

infulated.
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Remarks.  § 109. We here find a refult of the
fame kind as in the firft experiment,
but in a {maller degree. The eleétric
force accelerated the heating in the
proportion of 1190.” to 13350,” omit-
ting the laft intervals, which would
ftill increafe this difference. The max-
imym was the fame in both cafes, viz.
233 It 1s true, that in the elerical
experiment, the temperature of the
chamber was one degree higher,
which muft have influenced the maxi-
mum. ‘The refrigerations made a pro-
greflion nearly parallel, and much lefs
irregular than in the experiment, § 87.
It may here be oblerved, that when
there are no real caufes of irregulanty,
the uncertainty in the obfervation 1s
reduced to very narrow limits.
Conjequres 3 108, If we may be permitted to

on s fub- reafon on the refults whieh are offered
by
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by the fix experiments that have beeni
compared : 1f we may admit what
they feem to indicate, viz. that the
thermometer 1s more rapidly heated,
when a continual ele&tric force 1s joined
to the action of the uninfulated tapers,
and that it cools more flowly in the
electrified recipient when the tapers
are infulated ; perhaps thefe falts
would not remain without a plaufible
explanation. In the cafe of the tapers
not being infulated, the ele&tric fluid
arrives by preference at the flame of
the taper, and there forms an emana-
tion ; this emanation mingles with the
hot and luminous emanations emitted
by the tapers, and may be partly re-
flected with them, confidering that
the mirrors themfelves are plunged in
the fame eleétric atmofphere, and are

in fome degree infulated ; probably
| YA Vi thée

\
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the eletric fluid itfelf being #hus in-

troduced 1nto the globe, may develop

heat, or a luminous quality capable
of exciting heat.

In the gxperiment with infulated
tapers, their flame does not receive:

more electric fluid than the reft of the
apparatus, nor more than a propor-
tional part of the eleftric atmofphere
which furrounds the globe, and there-
fore, not being radiated at the focus
of the calorific emanation, is not in

the courfe of being reflefted to the
centre of the ballon.

CHAP.

—-
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CoHl AP NVIL

Experiments relating 1o LEvapora-
tion, and to Hygromeiry in gerne-
ral.:

§ 109. I HAVE already obferved, senfibility
that the experiments made in vacuo,?@gx;&i
had prefented fome interefting falts,
which I think 1t now time to particu-
larize. = They belong for the mofk
part to hygrometry, and have fthewn
me the ineftimable value of the pre-
{fent Mr. De Sauflure has made to na-
tural philofophers in giving them the
hair bygrometer. |
That my readers may form an idea
of the advantages of this inftrument,
I fhall begin by relating the experi-

meil

L
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ment I previoufly made with an in-
tention to try the fenfibility of the
hygrometer within the globe.

I {eparated the hygrometer from
the reft of the apparatus, and em-
ployed a glafs cylinder, humeéted
within after the manner of Mr. De
Sauffure, in order to expofe the in-
ftrument alternately, and as rapidly
as poffible, to extreme moifture, and
to the drynefs of the air in which I
operated. I firflt reduced the hygro-
meter to 100 or extreme moifture,
under the wet cylinder, and then fud-
denly removing the glafs, I obferved
the following progreflion, and nroted
the intervals of time which the needle
of the hygrometer required for every
5 degrees.

-~

From
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~ From 100°% to 95° 4 fec

95 90 4=
9o o 83
85 o 13
8o 75 40

Inallfrom 100 to 75. 7o fec.

It 1s obfervable, thatthe inftrument
required little more than a minute to
pafs from extreme moifture to the
hygrometric degree of the air of the
chamber, which was in fa& about
75 degrees. The hygrometer being
ftationary, I again covered the inftru-
ment with the wet cylinder, and ob-
ferved for every five degrees the fol- |
lowing intervals.

From " 75" to 809, 4 fec,
8o A R

From



05 100 138

Inallfrom 75  1c0 6o fec.

Thus it appears that the hair 1s m-
pregnated fomewhat more quickly in
the atmofphere of extreme moifture,
than it is exficcated in the open and
quiet air. But in both cafes the tran:
fitton 1s very prompt. lt 1s likewife
true, that of all the hygrometers which
I have employed 1n my feveral expe-
riments, this in particular poffefled
the moft eminent degree of {enfibility.

Isordinary  § 110. The well-directed inquiries
Efﬁfﬁen of Mr. De Sauffure have taught us,
E:Em' that temperature has a diret influence
on the degree indicated by the hygro-

meter; that is, in proportion as a

\ - given
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given volume of air, containing a
- certain quantity of water in a ftate of
~ elaftic vapour below the term of {atu-
ration, f{hall be cooled, the hygrome-
ter will move towards humidity, until
it arrives at the term of extrerne moif-
ture ; that it will ftop there, although
- the cooling thould continue : but that
' we- fhall then inftantly obferve the
water in {ubftance depofited in form
of dew upon all the {furrounding folid
bodies.

Our celebrated author explains this
movement of the hygrometer very
naturally, by faying that the prefence
of fire augments the diffolving force
of the ambient air, and that its ab-
{ence diminifhes the {fame, and renders
the air lefs capable of imbibing the
moifture from the hair. The relative
force of the atmofpherical air, and of

o the
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the hair of the hygrometer to attract
the aqueous fluid from each other re-
ciprocally, varies according to certain |
laws dependant on their refpetive
diftances from the term of faturation.
The facts, and the theory derived from
them, are reprefented in the moft clear
and fatisfactory manner in the work I
have repeatedly quoted.
Remarke-  § 111. A ftriking exception to this
rle excep=- 2 .
don.  general law prefented itfelf at my firft
experiment in vacuo. And as it
fhewed me how active and energetic a |
part fire acted in ‘evaporation, when |
unobftru¢ted by the air, it induced
" me to conclude, that it may, perhaps,
be the only agent which produces the
phenomena of evaporation, and that

the air has little or no fhare in it.
The fa& is as follows : |

On
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- On the third of January, 1786,
my globe being exhaufted of air, and
{aturated with watery vapour, {o that
at the temperature of the chamber,
viz. 4° above zero, the hygrometer
marked 989, that is, extreme moif-
ture ; no dew was difcernible upon its
inner f{urface. I removed it into ano-
ther chamber, where the mercury ftood
4 degrees lower, exaltly at freezing
point. It had {carcely been here a
minute, before the dew appeared,
mixed with fome concrete drops, buit
' not frozen. The dew was conftantly
 depofited upon that fide of the globe
towards the neareft window of the
chamber: a circumftance of which
we fhall prefently fee the reafon.

In this flate, who would not fuppofe
that the hygrometer remained ftatio-
-nary at the term of faturation, or ex-

reme
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treme moifture ? It was with furprize,
therefore, that I faw it move brifkly
towards ficcity ; at the end of 4 mi-
nutes 1t was at ¢91° only, and the
thermometer within the globe was de-
{cended one degreé. The hygrometer
continued to move towards ficcity, and
aftér a few minutes was at 89°.

But at the expiration of 20 minutes,
the thermometer being defcended to
zero, 1 found the hygrometer again
mounted to 94°. and in 5 minutes
more 1t was at ¢7°.z where it remained
ftationary. Here we fee the hygro-
meter advancing towards ficcity In
proportion as the watery vapour, in
which 1t was plunged, cooled; and we
are about to obferve an appearance of
the fame kind in the contrary cafe,
but in an inverfe direttion.

§ r12. As



( Zom )

§ 112. At prefent, the thermome- 2 gcﬁr;uin
meter in the globe is at zero, the hy- fitc caies.
grometer at 97°z, and fome dew de-
pofited within upon the fide next to
the neareft window. 1 remove the
apparatus from this temperature into
another chamber, where the thermo-
meter 13 -at + 6° and where, confe-
quently, the globe will be heated.
At the 1nftant of its arrival, the hy-
grometer -rofe to ¢9°,3, that is, it
moved {o much towards moifture, and
remained there as long as the evapo-
ration of the dew, which covered a
part of the interior of the globe, con-
tinued. As foon as this evaporation
was completed, the hygrometer began
to move towards ficcity, although the
bulb of the thermometer, and every
part of the apparatus, which occupied

the centre of the globe, were covered,
P I
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in turn, with the dew. By degrees
it difappeared, and at the expiration
of three hours, the thermometer was
at 7°. (the temperature of the cham-
ber having augmented one degree)
the hygrometer at go°, and the dew
no longer difcernible within the globe.
In this example, then, the hygrome-
ter begins to move towards moifture,
when the globe 1s heated.

§ 113. I think thefe extraordinary
appearances may be thus explained.

- In this globe faturated with watery
vapour, we have three f{ubftances,
viz. water, hair, and fire. Let us
confider the water as purely paflive ;
the fire and the hair contend for the
aqueous fluid, and the fire, indepen-
dent of its hygrometric or cobefive
affinity with water, poffefles a loco-

motive faculty which the hawr does

not,
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not, and by virtue of which it is al-
ways in motion towards the place
where its tendency to equilibrium in-
vites it ; that s, from hotter to colder :
in thefe movements it carries the water
along with 1t, and, when once it has
reduced this liquid to a ftate of elaftic
vapour, it 1s momentally united witk
it; to ufe the happy expreflion of
Mr. De Luc, 1t becomes its deferent
fluid.

When, therefore, 1n a temperature
of + 4, the hygrometer is at ¢8. and
no water in {ubftance is vifible in any
part of the globe, it thews that both
the fire and the hair retain as much
water as poflible 1n a ftate which
Mr. De Sauflure calls pure elaftic va~
ipour; for it is in this ftate only, viz.
when united to the fire of evaporation,
that water penetrates the hair in the

Pig true
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trae hygrometric modifications*+ The
fire 1s actually in a ftate of repofe and
equilibrium, nor tends to move to-
wards any fide, becaufe I fuppofe the
temperature within and without the
globe to be alike.

But as foon as the whole apparatus.
1s removed into a colder chamber,
the equilibrium 1s deftroyed, the fire
has a tendency to re-eftablifh it, and

* NMr. De Luc did not, perhaps, pay fufhi-
eient attention to this principle of hygrometry,
when he fought the extreme term of his hy-
grometer 1n qvater, inftead of faturated air; for
it 1s not in a ftate of awater, but of watery
elaflic wapour, that this element is ‘united with
the air, or with whatever aeriform fluids we
apply the hygrometer to; and whenever the
- air contains water in fubftance, it either rains-
or is foggy, and then the hygrometer teaches

us nothing that we do not know or fee with-
out it. ks '

- inftantly
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inftantly moves from the centre to the
circumference of the globe ; 1t quits
the hair in particular, and carries with
it a part of the elaftic watery fluid. In
confequence of this fudden departure
of the vapour which moiftened the
hair, the hygrometer moves towards
ficcity. The .:ffﬁ:r’f}fz fluid which car-
ries away this vapour, both from the
hair and from the medium that held
it fufpended within the globe, peneﬁ-
trates the glafs, but not ‘being able
convey the aqueous fluid through thS_
fubftance; it is neceflarily depofited
on the interior {urface, on all fides in-
differently, provided the chamber,
to which the globe has been removed,
be equally cold in every part. But
when 1t 1s colder without doors than
in the apartment, the vapour will be
{1{:9{3}" ted on that fide which happens

3 to
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to be neareft to the window of the
chamber#. And in general we can
direct this appearance of dew to what-
ever fide we pleafe, by the approach- .
ing of any cold body. I have{everal
umes {ucceeded in making the hygro-
meter at the centre of the globe move
fome degrees towards ficcity by apply-
ing a piece of ice to the outfide.

But the equilibrium between the
hygrometric force of the fire, and of
the hair, 1s foon re-eftablithed in this
new temperature. The excefs of
water is depofited in the form of dew,

* T know not whether the influence that de-
termines the fide of the veilel on which certain
faline vegetations form, although it may have
been imputed to light, might not more juftly
be attributed to fire opcrating in a2 manner ana-
logous to its action in the example above men-
tioned.

the
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the fire evaporates the reft, and dif-
fufes it uniformly in the interior of the
globe ; the hair abforbs it in a lefs ab-
{olute, although in an equal relative,
quantity, and by degrees it returns to
the term of extreme moifture, or very
near it.

In thele circumftances, let us re-
move the apparatus from the cold tem-
perature into a hotter, the fire will
follow an oppofite courfe. It now
tends, from without, inward, and
having traverfed the glafs, meets im-
mediately with the dew that lines the
infide, is impregnated wich 1t, be-
comes its deferent fluid, tranfports it
almoft inftantaneoufly to the centre of
the apparatus, and depofits it upon
the inftruments-which are there, and
which itfelf penetrates. The hygro-
meter mounts to extreme moifture, if

P4 1t
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it Was not there already, and remains
frationary ; becaufe the water in {ub-
ftance, depofited upon the hair in
form of veficular vapour, does not af-
fe& i *. Finally, the quantity of fire
which arrives and accumulates in the
globe, evaporates {ucceflively all the
water it encounters; we no longer
perceive any dew, and the hygrome-
ter returns to ficcity. It remains fta-
tionary at the degree where the
hygrometrical affinities of the  hair
and the fire acquire an equilibrium.
This degree varies, we know, accord-
ing to the temperature, or what I call
the tenfion of fire. '

§ 114. But 1o order that the phe-
nomena may {fucceed with this promp-

% Which 1s alfo one of the great advantages
of thisanitrument, 3

Lti tu df‘;




( 217 )

titude, I would fay with this elegance,
the globe muft be void of air, that
the fire may be at liberty to move
with the water it carries along, with-
out any obftacle. For if it be fet-
tered by the prefence of air, if it be
forced to fift itlelf, as 1 may fay,
through this grofs fluid, which it pene-
trates with dithiculty, particularly when
it is united ‘with water in a ftate of
elaftic vapour, then all thefe pheno-
mena are retarded, and the hair,
which has time to follow the fire itfelf
1n 1ts hygrometric progrefs, no longer
offers the appearances 1 have juft de-
{cribed.

§ 115. Thele phenomena are theThey in-
more {triking in proportion as thefﬂ?igﬂi
abfolute quantity of evaporated waterhﬁ}f;i,ﬁf;
| is greater in the globe. However, It
%31&&*6 obferved them in a degree of
ficcity,
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ficcity, where in -a temperature—1°,
the hygrometer was at 18°. On ap-
proaching the apparatus towards the
fire, the hygrometer began to move
towards humidity ; and afterwards,
when the temperature became uniform,
it returned to its true point (18°9).
But when the variations of tempera-
ture are very flow, and when the quan-
tity of moiflure in the vacuum is in-
confiderable, the hygrometer requires
a {ufficient interval of time to recover
the exact equilibrium of the ambient
medium. It required, for inftance,
12 hours 1n this laft cafe.
The pre- & 116. Although the prefence of
fl;‘lffu‘,}f;hair obftruts and delays the effects I
Seitroy thishave Jult now defcribed, yet it does
sfiet.  not abfolutely prevent them. Thefe
| phenomena explain -a fa&t which,
without doubt, has been before ob-

{ferved
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{ferved by others, but of which, i
think, no fatisfaory reafon has yet
been given. |

Cellars and {ubterraneous waults,
at a certain depth, are commonly dry
in winter, and very wet in {ummer.
This obfervation, which has but a
very few local exceptions, ought not,
after what has been faid, to furpnze
us. For, in fummer, the atmofphere
1s hotter than the interior of the earth,
and fire, which always tends to an
equilibrium, moves, in this feafon,
from above downward in the upper
ftrata of the earth, with the water it
bears. It depofits this water in thefe
ftrata fucceffively, in proportion as it
penetrates them, and finds them colder.
Thus they become loaded with humi-
dity to a certain depth, and retain it
until by a change in the temperature

of
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of the atmofphere, which the cold
feafon brings with it, the fire returns

from the earth to the air, and gradu-
ally carries with it the water it had
depofited during the fummer. Hence |
the maximum of drynefs in cellars will |
be obferved in the {pring, and their
extreme mioture -in autumn. The
nature of the {oil, and the depth of the
{ubterraneous caves, may to a certain
degree modify thefe confequences, but
they will always be found conformable
in falt.

§ 117. Another fact which, with-
out doubt, has been obferved by many
pecple, thews with what energy fire
effelts evaporation, when not reftrained
by the prefence of the atmofphere.
In the upper part of barometers, well
purified from air, and expofed to con-
fiderable changes of temperature, as

| for
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for example, at a window upon which -
the {un thines, we fee the mercury
raifed and depofited 1n little drops
on the empty part of the tube. Thefe
drops gradually increafe, and atlength,
by their weight, fall back into the
mercury from whence they iffued.
This 1s a real diftillation which takes
place in the ordinary temperature of
the atmofphere. The fire, although
of a denfity very inconfiderable in
this 1nftance, railes the mercury,
which is nearly 14 times heavier than
water, carries it to the height of at
lealt 2 inches, and depofits 1t, when
by a tendency to equilibrium the fire
1s urged to traverfe the glafs, that is
to {ay, on the coldeft fide, which, in
fummer, 1s commonly that oppofite
to the window.

- § 118. Thele
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§ 118. Thefe falts, as alfo that of
diftillation, always o eafy and {peedy
in vacuo, and fometimes impoffible
in alr, according to the apparatus we
employ, as well as other analogous
obfervations, have imprefled me with
fuch 1deas of the power of fire in
every thing which relates to evapora-
tion, that I am tempted to look upon
1t as the {ole agent in this clafs of phe-
nomena, and to renounce the idea,
that air atts in the manner of chemi-
cal diffolvents. The very fpecious ar-
cuments of my learned colleague in
his hygrometry, in favour of that opi-
nion, had long feduced me; but the
charming fimplicity which the theory
of evaporation would acquire, if we
could diveft it of the agency of air;
the poffibility 1 perceive of reducing

the whole to the action of fire; the
proba-
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probability which increafes with the
fimplicity of every natural hypothefs,
attract me, I confefs, ftill more forci-
bly. At all events, it could only be
as a phyfical agent, or as acting by
affinity of cobefion, that 1 eould be
perfuaded to admit it, in any thing
which concerns evaporation, agreea-
bly to the diftin¢tions I have infifted
on 1n the firft chapter of this Effay.
§ 119. The fatts already enume- other ob-

fervations

rated in this chapter are not the only rclative to
phenomena, which the introduétion Of‘;?f;-lfi&'
vapours, whether aqueous or ethereal, P
into my apparatus has afforded me op-
portunities of obferving. I have very

flightly touched upon the manometric

or elaftic effetts of thefe vapours.

They require fome explanation, and

merit, indeed, a courfe of experi-

ments directed {olely towards their ex-

amination,
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amination, for which my apparatus
would be very convenient.
It may, perhaps, be remembered,

that this apparatus contains a gage or .

barometer in form of a {yphon, de-
fcribed § 75, and defigned to mark
the degree of vacuum obtained in the
~ globe, as well as the elaftic force of
the vapours which might be intro-

duced. The lateral pipe r,}fig. 2,

defcribed § 79, furnithed me with the

means of introducing into the globe
known quantities of any {ubftance fuf-
‘ceptible of evaporation. I placed this
{ubftance, water for example, in a

very {fmall glafs tube, which I fubfti-

tuted for the large {yphon EE. The

tube was clofed at its outer extremity,
and luted at the other to the cock r,
the key whereof it touched interiorly.
By turning this key a communication:

: was:

|
|
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was formed between the infide of the
globe and the little tube, and occa-
fioned the evaporation of the liquid
which it contained, and which had been
previoufly weighed with the tube to-
the precifion-of i< of a grain.

If the liquid, and the infide of the
little tube that contained 1t, had not
been freed from air by ebullition, 1m-
mediately before it was expofed to
the vacuum, 1t would have rufhed
mnto the globe at the inftant the cock
was turned, by the impulfe of the
elafticity of the air difperfed through
it, which was now no longer com-
prefled by the weight of the atmof-
phere..

§ 120. Wehave already{een, § g4, Experi-
that the aqueous vapour intrcnchlced:?;fj;:c?;rti;
into the globe in fufficient quantity to quanticy of

caule the hygrometer to rife from 17° fae of va-

Q to Powr.
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to 93°. that is, 76 degrees, in a mean
temperature of about 7°. had raifed
the gage from 1,4 lines to 4,5, that -
3 lines +%, which fhews that the

“:,Gur produced an elaftic fluid capa-
ble of fuftaining, at this temperature,
a column of 3,1 lines of mercury.

But at that ume, I knew not the |
abfolute quantity of water, which, in
a given temperature, would produce
a certain manometric effe&t, or fuftain
a given column of mercury; I en-
deavoured, therefore, to determine it
by the following experiment. -

The thermometer being at + 3,1
and the hygrometer within the globe
at 17,3. which announced a confide-
- rable degrec of drynefs, 1 adapted to
the cock the little glafs tube, contain-
ing exallly a grain and +%, or i% of a
grain of water, which being® boiled

n
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in the tube itfelf, and the gage being
then at 1 line %%, I obferved as fol-
lows :

9. min. fec. Hi—*gr. Gage. | T her.

40. 18,0 P « « having fir(t adapted the
: 46. 15. | 19,0 A . . tubeto it (till warm,
£2.. X3 i b 2525 3:3-
25. 39. 2,25-| 3,5. Turned the cock,
42. 43, 2,55. | 3,0. removed the tube, which
SR 6. 2,56. | 3,6. was very dry and quite
« 40. 58,3 Hi 3:9. empty.
2. 28, 6o,0 . e 235
§e 130, 52,7 | 2,63, | 4,2

II. .44. o. | 17,3 | L,45.] 3,i. Opened the lateral cock.

mary refults, we fee, 1ft, that at the
mean temperature of about 3°,2. the
tube contammg the water being warm,
the 15 of a grain were cvaporated in
bout 40 minutes in the vacuum,
2dly, That when this water was
qually diffufed in the globe, which
id not happen in lefs than about
 hours, the hygrometer rofe towards

Q 2 ~ humi-

§ 121. On examining thefe pri- Refietions.



¢ 28 )

humidity from 17,3 to 60,2 viz.about
4.3 degrees.

3dly, And finally, that the elaftic
fluid produced by the union of fire
with this water, at the temperature of |
4°,2. raifed the gage from 1,45 to' |
2,68 lines, that is to {ay, {uftaiped in
this cale, 1n a permanent manner,

1
1

|

1,23 lines of mercury.
This column of mercury is 45 of
27 inches, the mean height of the ba- |
rometer at Geneva, and fuppofing that j
the elaftic vapour, which fuftains it, |
‘was common air, and this air to occu- -
py, nearly to the laft degrees of dila- 1

tation, certain {paces which are in an
inver{e ratio to the compreffing weight, g
a quantity of air charged with an at-
mofphere equivalent to 27 inches of
mercury, and of a volume equal to
s¥3 of that of the globe, introduced
INto

'
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into this globe, would have produced’
the fame effet as the elaflic vapour.
Now, this volume being 4,55 cubic
anches, 15, therefore, the fame which
the vapour, that has filled the globe,
would have occupied, fuppofing it was
charged with the weight of the atmof-
phere, and 1ts volume, ceteris paribus,
to diminifh 1n proportion to the com-
prefiing Weight.

Thus % of a grain of water in a
liquid ftate occupies a {pace of only
0,003z of a cubic inch. This water,
therefore, acquires, by pafiine into
an elaflic ftate in the temperature of
this' ~experiment, a volume 1422
times-more cohfiderable, fuppofing it
charged with'the weight of the atmof-
phete; andas, in fact, it 1s"not ex-
pofed to this weight, and only {uftains
the ¢z part of it, viz. 1,23 linés, and

Q.3 occupies
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occupies the whole capacity of the
globe, that 1s, 1197 cubic inches, its
liquid volume i1s to 1ts elaftic volume,
in thefe circumftances, as unity to
374063.

This calculation, which is founded
on the {uppofition of a permanent and
perfectly elaftic acriform fluid, is not
rigoroufly, nor, indeed, nearly, ap-
plicable to the watery elaftic vapour,
becaufe the preflion it experiences by
the re-altion refulting from 1ts own
elafticity, 1s even an obftacle to 1ts
production, and we foon find the li-
mits where, with a given quantity of
water, and in a certain temperature,
the formation of the elaftic vapour
will ceafe 1n a clofe veffel void of air.
I believe this term is the fame with
that of hygrometric faturation, and

if fo, if the fire and the hair refufe at
the
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the fame time, the one to evaporate
more water, and the other to admit
into Its texture any farther quantity of
vapour, evaporation comes within the
clafs of hygrometric phenomena ; it is
the refult of a pure hygrometric affi-
nity -between fire and water, perfectly
fimilar to that of hair, and is likewile
- areafon for feparating this fort of union
| from the chemical union, with which,
as 1 have already f{aid, many cele-
brated philofophers feem difpofed to
confound it.

§ ;IS I Wa S dt 170118 OI tll;ﬂgi {11]111 1n-

what pm’greﬁon the formation of wa- S:a[?'? il
tery elattic fluids would foll r‘-w, by::;':::'a;:;rf*
expofing to evaporation in the globe,
fucceffively, equal quantities of water
in an uniform temperature. For this
purpofe, I added, by the means al-

ready delcribed, +5 of a grain of wa-
ad.4 ter
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ter to the i} previoufly introduced,
which made in the whole %, and after
a {pace of § hours, the inftruments
being all ftationary, I obferved the
hygrometer 72,5 the gage 3,30 and
the thermometer 4,2. I then added
s of a grain more, and at the expi-
ration of an equal interval, obferved
the hygrometer 80,4 the gage 4,0
and the thermometer 4,3. At this
period an accident gave admiffion to
the air; and 1 was unable to obtain |
fucceffively, as 1 propofed, the term
of faturation in vacuo ar this tempe-
rature, from which 1 was ftill diftant
about 20 degrees, but thele obferva-

tions were fufficient to thew me,
1ft, That the progreflion of the
hygrometer, alike, in this refpe&t, to
that which Mr. De Sauffure had ob-
ferved in the air, decreafed relauvely
to
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to the real quantries of moifture in-
troduced into the vacuum. The ob-
fervations are not fufficiently nume-
rous to eftablith’ the law of this pro-
grefiion ; and, befides, it was not the
objet I had in view. Itis, however,
evident, that % of a grain having
raifed the hygrometer 45 degrees,

thould have raifed it about 18 de-

grees, inftead of 11,8 ; and that the

firt 75 having raifed 1t 11,8, the /5

added in the third experiment, only

raifed 1t 7,9 degrees.

§ 123. The gage {eems, on theRremarka-
contrary, to fhew an increafing pro- ﬁl:mf;fmm'
greflion of elafticity, relatively to the
real quantities of water converted into
elaftic fluid. This circum{tance fur-
prized me, and I fufpefted that a

fmall quantity of air might have en-
tered the globe ; but the gage remain-

ng
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§ 124. I made, at the fame time, The influ-

ence of tem=

fome experiments on the influence of perature on
temperature on the elafticity of this:?:ﬁ{;ﬂ-
vapour, and I faw, that although the ™"
variations of temperature alted pow-
erfully upon the hygrometer, they had
little’ effect upon the gage;-but that
they 1increafed, however, with the
quantities of water evaporated. Thus
in the firlt experiment with i% of a
grain of water, an increafe of 7°,6 of
temperature made the hygrometer de-
{cend from 60°%2, to 47,5, that is,
12°,7, and the gage remained almoft
ftationary. In the lalt experiment, 1n
which there was 5 of a grain of water
evaporated 1n the globe,. an increafed
temperature of 11°,4 viz. from zero
to 11%,4 made the hygrometer defcend
from 92°,3. to 60°, that is, 1t moved
towards ficcitty 32°,3., and the ‘gage

rofe
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the ne plus ultra, or the term where
the elafticity of the fluid already eva-
porated would hinder, by its own
preffion, any further evaporation. But
I have been too prolix on this {fubject,.
if T aimed only at pointing out the
road to other obfervers, and on the
other hand, I have not tried a {ufh-
cient number of experiments to make
it clear. But thefe matters will be-
come the {ubject of my approaching
labours,

§ 125. Some particulars concerning purticolars
the phenomena which accompaniedosinrs
the introduction of the ethereal wva-"*°Ur
pour 1nto the globe will terminate this
chapter.

It was impoffible to weigh the ether,
as 1 had weighed the water, on account
of the great volatility of this fluid :

I contented myfelf, therefore, with

counting
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hifling found was
heard at the open-
- Ing, and two mi-
nutes after the
cock was turned I
obferved

Seven minutes af-
. ter, 1 1ntroduced
a third dofe, which

was accompanied

by the fame phe-

nomena; the hy-
grometer was then

at 46,5 ; at the

end of 5 minutes
I obferved

And 1n half an
h}our-a.fter

900" 8,5 11,0,

6giat ¥1,5. 17,00

8450. 11,9. 11,2.

§ 126. In the firft place, we ob.Refieations.
{erve by the motion of the hygrome-
ter, that the ether, although I had

treated
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treated 1t with fixed alkali, and reétified
it carefully in a water bath at 42°,
{till it contained water, from. which it
1s 1mpoffible to punfy it by the ufual
means. We f{ee that 51 drops madc
the hygrometer rife 62°,2, and if we
knew exaltly the weight .of the ether
introduced, and that of pure avater
which produces the fame hygremetric
effe’t 10 vacuo at a given temperature, .
we (hould then have a phyfical method
of knowing the quantity of water
which forms an integral part of rec-
tified ether. Finally, the gage fhews
us, that 17 drops of ether.introduced
at each ume caufed the mercury to
rife, when they were enarely evapo-
rated, about 3 lines +% at the tempe-
rature of 11°. The elafucty feems
to follow a decreafing progreflien, re-
latively to the quantities of ether in- |
troduced ;
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troducedi; but not having, been. able
to weigh. the quantities, the experi-
ment:1s not: {uflictently exact to. allow
any. abfolute conclufions. lize thofe we
have endeavoured,tg eftablith wath re-
gard to the aqueous vapour.
§, 127. However, Iendeavoured to Theinfo-

ence of heat

determine the influence of: tempera-on the el
ture upan the elafticity of: ethereal va- s 0
pour. With this defign, the inftru-"""
ments. being, hygr. 84, gage 11.09.
therin. 11,2, I: tranfparted: the appa-.
ratus intq a: colder; chamber; where it
remained: 40 minutes; and:at: the ex-.
piration of: that: ume Li obferved the
hygr. 89,agage 10,a therm. 6,4. The:
refrigeration. of:4°,8: producadia de-.
{cent of the:mercury ofthe.gage: ofi1,9.
lime. Very httle dew was. {een.upon.
the fides: of :the-glohe, but ii;::t_ppﬁ;‘ir ed,
ta be ethereal and not aqueous, for,

R the
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the hygrometer was only at 89,0 that
15, 11 degrees from the point of fatu-
rarion. I then expoféd the apparatus
to a higher temperature than the firft,
and obferved hygr. 64,0 gzge 13.1
therm. 21,0.

‘This laft experiment prefents a very
fingular refult. An elevation of tem-
perature of 16°. viz. from 11°.t0 21°.
produces an elevation in the gage of
only 1,2 line ; whereas, in the prece-
ding experiment, made in a tempera-
ture between the 6th and 11th degree,
a difference of only 4°,8. lefs by half
than the variation in the laft experi-
ment, produced a difference of 1,9.
line. Perhaps this irregularity may
be owing to the infufficiency of the
temperature, in the laft cafe, for the
evaporation of all the ether; and

therefore a part of it may have repaffed
from

i,
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from its elaftic ftate to a ftate of -
quidity. It is poffible, that this tran-
fition 15 made {uddenly, or by a {pring
which deranges the regular progreffion
of the elafticity. This is likewife a-
point to be purfued; but I repeat to
thofe, who may have fuch intention,
that the ethereal elaftic fluid atracks
the varnith of the inftruments expofed
to 1t, and in a certain time even {poils
the hair of the hygromerer.

R 2 CHAP.




( 246 )

~column of air intercepted between

the two f{tations, n which the baro-

~meter 1s obferved ; for it is evidens,

Dithiculty of

thefe obier-
vations,

that by obferving, as we ufually do,
the temperature of a thermometer fuf-
pended at 5 feet from the earth on a
plain, and on a mountain, we obtain
the mean heat of the f{tratum of air
which lies on the earth to the diftance
of five feet from its furface from one

i

{tation to the other, rather than that

of the column which is raifed verti-
cally upon the infenor {tation.

§ 130. If we could inveltigate by
experiment the law by which heat di-

minithes 1n proportion as;we rife ver-

tically in the air, according to the va-

rious {eafons of the year, or accord-

ing as the temperature of the atmof-

phere i1s modified_by the prefence
of the' fun, ef clouds, or of wind,
we

J il
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'we ' fhould go immediately “to the
point, and obtain fatisfattory approxi-
‘mations.

But thefe obfervations are neither {o
fimple nor fo eafily made as may ar
firlt be imagined. Let them be made
on the fummit of a mountain, or on
the top of a fteeple, they will {till be
{omewhat affected by the heat reflected
from the fteeple or from the moun-
tain ; and will not exaltly fhew the
temperature of the horizontal firacum
of air, by which thefe objects are en-
veloped. The only means remaining
are, a balloon of mflammable air,
large enough to carry an oblerver,
and this method is not eafily practica-
ble; or 1ztﬁly, a high pole at whofe
extremity .a thermometer may be fuf-

pended, which may be rap dly lowered
R 4 i for

H _. 00 Lo
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for obfervation. This Is the ‘method
1 have employed.

ﬂcicl:ip:;ﬁn § 131. In{ome former experiments
) T:::“:& n;] made ufe of a ~pOlC 50 feer hlgh,
(3 and dftérwards of one 75 feet high.
My firft trials were made in the months
‘of Auguft and Séptember, 1778, and
dilcovering fome phenomena 1 did
not expelt, 1 repeated them the year
followinig with better inftruments, and
‘4 ‘more ‘convenient apparatus. And
it 1s of ‘thefe latter experiments 1 am

now aboug to give an account.
I’be'pcﬁc' was fixed ina large garden,
and fupported in its vertical fitvation
by cords or fhrouds defcending ‘ob-
liquely to'the ‘ground. From the top
of the 'pole, an arm of about 18 in-
ches long was ‘extended horizontally,
from whofe ¢€xtremity hung a pulley
defigned to raife and lower one or
more
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tnore thermometers, which was dore
with the utmoft celerity. The upper
part of the ‘pole 'was painted a dead
black, ‘in'order to avoid ‘all Kind of
refletion ; and that the fhadow of the
pole thould never fall upon the ther-
mometer, I placed the arm in the
‘plane of the meridian.

Befides thefe thermometers deftined
to be raifed or lowered, 1 employed
others, fufpended at different diftan-
ces from the earth, from between 5
and 6 feet, to 4 lines. Thefe were
fufpended by a very thin thread of
filk ‘extended vertically ; one of themn
‘was hung two inclies from the pole it-
felf and 5 feet from ‘the earth. 1
‘moved it laterally as the {un advanced,
‘that it might be always diametrically
‘oppofite the pole, and by that means
conftantly in the fhade. ‘And finally,

I had
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I had one on the ground, with its
bulb juft covered by the earth, in-

tended to fhew the temperature of the

{urface of the foil, whilt the corref-
ponding oblervations were made in
the air.

The inltruments were all of mer-
cury, made with great care, and

agreeing perfeCtly with each other. |
The bulbs and inferior parts were

completely infulated and detached
from their fcales, which were of tin,
filver, or ivory. The bulbs were of
a moderate fize, {o as to require 6 or

7 minutes to receive the temperature

of the quiet air in which they were
fufpended. The moft tardy was dif-
pofed at the top of the pole, that its
variations might be as inconfiderable
as poffible during the 5 or 6 feconds
it required to defcend.

§ 132. My

|
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§ 132. My defign, in general, was Particolas

i obiect of
to obferve, by means of this appara- thefe expe-

tus, what pafled in the ftratum of air
which repofes upon the earth to the
height of 75 feer; to {fee what pro-
oreflion the augmentation and dimi-
nution of the heat produced by the
{fun’s prefence, during a calm and fe-
rene day, would follow; what was
| -.hthe hotteft and coldeft moment of the
day; what the mean heat of the 24
‘hours ; and finally, to examine the
effe&t of clouds, fogs, winds,. &c.
upon thefe relults. But above all, T
-endeavoured to difcover if there ex- )
ifted any conftant proportion between
the temperature of the air at 75 feet,
and at 5 feet from the earth; and,
{fuppofing this proportion varable,
what might be the nature and periods
of thefe variuitions. Then to apply
: : thefe
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thefe refults to the nearelt'approxima-
tion - of the true temperature of ‘a ver-
tical column ‘of air drawn from ‘thie
“ordinary and only praéticable obferva-
tions, made at 5 feet from the earth.
A more confiderable elevation
would, perhaps, have furni(hied the
-means of eftablithing, by numerous
‘obfervations at intermediate heights,
“{fome law of the dimmnuton of heat,
relauvely to the augmentation of verti-
'¢al elevation; ‘but a column of "air of
75 feet ‘was -infufficient for fuch in-

‘quiries. ;
€eneral e« '8 133+ Tt'was at the top of the pole
Wi ithar the augmientation and diminttion
of heat during the day followed the
-moft uniform progreffion ; and:it'was
there, likewife, as we fhall prefently
fee, ‘that the extremes of heat ‘and
cold were neareft each other. The
thermo-
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thermemeter, in. the fhade at- 5 feet-
from the ground,agreed beft with the.
thermameter, expofed to, the fun, 70,
feet higher, and they were. not only.
fimilar, in their progreffion, but 1In
their, abfolute. temperature. alfo, from
9. o’clock in, the morning to 3 in
the, afternoon, although one was in,
the fun, and the other.in the fhade.

§ 134. I ufually began to obferye Greuen
thefe. inftruments, a5, break of- day, bou fun
and they all agreed.in, indicating. an; o
increafing coolnefs. as fun nfe ap-
p‘roa.che:d.' The caldeft, mament was
during the rifing of the fun; and from,
that time the thermometers. began  to
mount by different progreflions, until;
about, 3. o’Clack, in, the. afternoon,

. which . was ,commoly, the hotteft, part:
of:the day. The thermometer, whofe.
bulb was. covered, by, the- foil, indis

cated
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cated at that time a very confiderable
degree of heat. T have feen it at 45°.
of the fcale of 8o parts, in a hot day
in the month of Auguft.

The winds greatly altered the uni_
formity of the progreffion of the ther-
mometers, which, on the days when
the air was agitated, moved always by
ofcillations : a cloud which hid the
fun, alfo occafioned a fudden defcent ;
but their motions were never more
regular than on thofe calm and uni-
formly cloudy days, which we fre-
quently fee in this country in Au-’
tumn. |

:;:f':::nl: - § 135. All thefe modifications were
son.  naturally forefeen. The particular re-
fults of thefe obfervations, as they re-

late to barometrical meafurements,

will make part of another Effay di-

rected principally to inquiries of this’

| nature.
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nature. But the peculiar and unex-
petted phenomenon of which I am
now going to fpeak, has naturally a
place here.

In order to expole it clearly, I {hall
follow the courfe of the two thermo-
meters at 5 feet and at 75 feet from
the earth during 24 hours of calm
ferene weather.

In the morning, about two hours
or two hours and a half after fun nfe,
thefe two thermometers agreed, and,
except fome little ofcillations, the ef-
fect of accidental circumftances, they
indicated the fame temperature.

As the fun advanced the thermo-
meter at 5 feet from the ground ac-
quired a higher temperature, and at
Ithe hotteft time of the day, it was

about two degrees of the fcale of 8o
parts
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parts higher than the thermometer av
24 fect.

T« maximum, of difference. once
pafic!. the two thermometers ap-
proac 1 'd, and, before the ferting of
the fur, again acquired the fame tem-
perature ; then varied 1n. the oppofite
fenfe, and their difference augmented:
rapidly after fun fet. Towards the
end of the twilight; the inferior ther-
rpometer was. two. degrees lower than,
the other, and fometimes more.

This difference: continued the fame
dewing  che nighe; at leaft T have rea-.
fca to orefume. fo; becaufe, having
quittec: them at 1r o’Clock in. the
e <. andiobferwedithem again at
dvy oo ky I comftantly. found: the.
oo ter at 5 feet, lower. from.
Ghe fo 0. degrees. than that at 75
fexis | cy kept the fame proportion

during
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during the whole twilight of the
motning, and it was not till fometime
after fun rife that they began to ap-
proach, then to acquire the fame rem-
perature, and about two hours after-
ward to crofs each other again.

Such was the conflant courfe of
thefe two thermometers, as often as
the weather was calm and [erene ; and
it happened juft the fame in the dif-
ferent feafons of the year, and notwith-
ftanding winds and clouds, although
lels fenfibly in this laft cafe; and it
was only on the days completely and
uniforinly cloudy, and when the wind
was viclent, or when there was a
thick'fog, that the two thermomes-
ters, 70 feet diltant from each other,
nearly agreed during the whole couile

of the day.

S § 136. It
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~quired during the day, formed, as it
were, a kind of ftove, immediately
whereon refted a frratum of cool air,
and above that we found the air
warmer.
§ 137. It may be imagined, thatltis not

owinoe 'o &

this was a local phenomenon, andpaniculae
owing to [ome particular cxhalations e
but the {oil was not at all moift; the
{ame experiments repeated in a larger
plain, to which I tran{ported the ap-
paratus, prefented the like relults; :
‘and 1 have even obtained the {ame
upon an infulated fummic of the
mountain called the Mole, which is
more than 4200 feet above the level
of the fea.

§ 138. I think I perceive the caufe sufpicionot
of this phenomenon to be as follows: s

When fire is not retained by the
ties of chemcal affinity, it tends con-

S 2 ftantly

-
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ftantly to an equilibrium, as we have
already often proved in the courfe of
this Effay. The foil, therefore, be-
10g hotter than the air, the fire will
rife from tiie interior of the earth up-
wards, and, being arrived at the f{ur-
face, will fucceflively convert into
vapour the infinitely thin ftrata of wa-
ter which moiften the foil in the
point of contatt between the air and
the earth, and evaporation will take
place.

If we {'uppofc the ground colder
than the air, then the fire will defcend
into the earth; but evaporation will
always take place near its furface;
~and in this particular union of fire
with water, it is known that a part of
the fenfible fire difappears, and be-
comes fire of evaporation, that is to
fay, unpcrccpuble fire, and that cold

1s
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15 produced, unlefs in circumflances
in which the external calorific caufes
exactly counterbalance the fire that
difappears.

During the two twilights and the
night, this balance cannot take place.
The ambient liberated fire endeavours
to re-eftablith the equilibrium, but
the fire that arrives for this purpofe
from the earth undergoes at its {furface
the mctamorphofis produced by the
act of evaporation, and that which
‘exifts in the air above is partly united
with the water it has evaporated, and
‘not being carried downward by any
great rupture of equilibrium, but
havirg, as we have perceived in ano-
 ther place, a tendency, independent of
_the ateraCtion of the {uperior ftrata, to
tile rather than to defcend, it moves
“through the air in a quantity infufh-
S 3 cient
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cient to re-eftablith in the inferior fira-
tum the equilibrium of temperature
deranged by evaporation. It will,
therefore, remain colder than the
ground, and than the fuperior ftratum,
till fome calorific caufe fhall fupply the
fire, which difappeared at the furface
of the earth.

§ 139. But as foon as the rays of
the fun fall upon the inferior ftratum
of air, and upon the furface of the
carth, their calorific effect is felt. In
the firft moments, they produce cold
rather than heat, becaufe the fire they
fupply is not, perhaps, fufficient to
compenfate the quantity abforbed by
the increafed evaporation. |

Their prefence, however, and more
dire&t impulfe upon the air and the
eround foon gain the advantage, and,
notwithftanding the increafed evapo-

ration,
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ration, the liberated fire is {fo much
augmented, that the relative heat of
the inferjor ftratum becomes greater ;
and this flratum and the fuperior ftrata
alfo to the height of 75 feer, which
. are the limits of thefe expernments,
(hortly acquire the fame temperature
that took place about two hours or two
hours and a half after fun rife. The
~ heat produced by the allion of the
folar rays upon the carth, became af-
terwards {o great, that the inferior
firatum of air, 1n which, however,
the evaporation conflantly continved,
was heated more than the fupernior,
and we have feen the difference
amount to 2 degrecs in the hotteft ume
of the day.
~ After this period, the diminution of
‘the 1ntenfity of the {olar rays brought

back, by degrees, the equality be-
1 | S 4 tween
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tween the refrigerant effect of evapo-
ration, and the calorific effe& which
they produced ; and at this moment
of equilibrium, the fuperior and in-
fertor thermometers again exhibited
the {ame degree of temperature;” a
little afterward the rays, ftill more
oblique and lefs numerous, were in-
fufficient to counterbalance the cold
of evaporation, and the inferior ther-
mometer defcended lower than the
other ; this difference continued nll
the next day’s fun reftored the equili-
brium, and produced the alternate
action which I have defcribed and en-
deavoured to explain. X
§ 140. But fhould this explication
be infufficient, the fat is not lefs cer-
tain ; and if we add to the conclufions
that may be drawn from it, the know-
ledge we have of the three ftates or
‘modifi-
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modifications of fire in folid water,
liquid water, and water 1n vapour,
the phenomena of dew and of hoar
frolt will not be very difficult to ex-
plain in a fatisfactory manner. But
it would carry me too far to develop
thefe 1deas, and chey will be found in
another place.
§ 141. 1 cannot, however, pafs in raas re.

" " fultin
filence two facts which have an Im-fiom oneof

mediate relation with thefe experi- T2 2P
- ments.

Mr. De Sauflure, amongft other
lights thrown on the theory of eva-
poration in his excellent work on hy-
grometry, has moll happily arranged
the vapours {ufpended in the air un-
der three ftates, which he has diftin-
guifhed by the denominations of pure
elaftic vapour, wveficular wapour, and
concrete vapour, ‘The firflt 1s 1nvifible

in
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in the_air; the fecond forms little
empiy veficules which occafion fogs
and clouds; the third forms round
drops or common rin; and thefe
three modifications fucceed one ano-
ther according to circum{ances.

But are the relative quantities of
fire employed to produce them equal ?
And as water contains lefs fire when
folid than when liquid, and ftill lefs
when liquid than when it is in an aeri-
form ftate, does not the veficular va-
pour require lefs fire than the pure
elaftic vapour ?

Mr. De Saufiure prefomes with
reafon, that this veficular vapour con-
tains more fire than the concretc va-
pour, and in proof he inftances the
rains of winter, which fenfibly heat
the inferior part of the atmofphere ;
becaufe in the converfion of the vefi-

cular
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cular vapour into rain, the fire, fu-
perabundant to this new form, be-
comes fenfible fire, and by its adhe-
rence to the molecules of water, is
carried towards the earth., _

But does this phenomenon take
place in the tranfition of water from 1ts
ftate of invifible elaftic vapour to that
of wveficular vapour? Experiment
alone can refolve this queftion; and
it required all the chance of a particu-
lar meteorological event to enable me
to make this experiment in the atmot-
phere. |

§ 142. This event prefented itfelf Remarks-
in the courfe of my experiments on ftunce,
the 18th of Ofober, 1779, 11 the
twilight of the morning. I had a
fog at the top of the pole during fe-
veral minutes before it formed near
the earth, and at the moment the fog

appeared
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appeared near the top of the pole, the
thermometer rofe 5 of a degree. We
(hall have a more perfet idea of this
phenomenon by cafting our eyes upon
the following table, copied from the
journal of oblervations.

1979 | Therm. | Therus. | 1| herm.
O&. 18 | covered | at 5 feer |at 95 feet
in the | by the |‘rom the |from the  Remarkable Events
morning. | foil. |ground. | ground,
h. min,
6. 20. | a8 4,2. 6,0. Serene, calm, little fog.
30. | 448. 4:5- 6,1. Idem.
40, | 18,0. 53 5,3- Fog a little increafed,
§0. | ‘5,0, & . 6,0. Fou at the top of the pole,
and none below.
7% 0. 1 "'l 4r4- 5,9. Foguniver(il, but not thick
2. San rifes, but very pale.
e T 4,9. 5,8. Fog difappmi. Sun fhine:
: weakly. '
30. | §,8. §,0 6,2. ldem.

. , '

; It
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It appears pretty clearly, by the
courfe of obicrvations of the thermo-
meter at 75 feet, that the appearance
of the fog at the top of the pole
caufed a momentary hear.

§ 143. This heat, which 1s difen- Conjectares
gaged, and which remnins {ome:imes
mingled in the veficular vapour, ex-
plains, in fome meafure, why cold 1s
never fo rigorous in cloudy weather
as when'the fky 1s {erene ; becaule in
clear weather, the rupture of equili-
brium, between the temperature of
the fuperior and inferior ftrata of the
atmo{phere, may be confidered as
caufing a continual current of fire
from below upwards, which deprives
both the furface of the earth and the
neighbouring ftrata of the liberated
part of this fluid, in a more rapid
manner than the {foil 1delf can furnith

1€,
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it. For fire, I mult repeat it again
and again, cannot be reftrained or
cobibited but by ilelf. If, thercfore,
a clond appears at a certain height,
the fire it carries with it ftops the cur-
rent of which 1 fpeak, makes it re-
coil, on the contrary, below, and
caules that, which continues to efcape
from the ground, to accumulate in
the infenor ftrata of the air, and loften
1ts temperature.

§ 144. Thefe experiments likewife
afford the folution of a difficulty which
1s of importance from its immediate
conneftion with the meaflurement of

‘heights by the barometer. '

‘Thofe who are acquainted with this 1
fubjet, and who have read the ex-
cellent work 1 which Mr. De Lﬁci
has developed this method and 1ts ap-
plications, will recolle® his having

announced
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announced that the obfervations made
about funrife, and in the horteft part
of the day feldom agréed with his
rules. The firlt coaltantly making
the heights too little, and the latter,
in general, too great.

Now it follows from the facts I have
related, that Mr. De Luc and all
thofe, who obferve the thermometer ¢t
5 feet from the ground at {unrife,
{fuppofe the air colder than it really i,
fince even at 70 feet higher, 1t is
{ometimes warmer by two degrees;
therefore, the fubtraétive correction
dire¢ted by Mr. De Luc 1s made too
confiderable, and the altitudes ob-
ained are confequently too little. The
ontrary happens in obfervations made
t. the hotteft time of the day; the
hermometer at 5 feet from the earth

ews an accidental heat, which does
59 not
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not exift a few feet higher; and as
they conceive the whole column be-
tween the two f{tations to be hotter
than 1t really 1s, the fubtradtive cor-
reion 1s made too little, or the addi-
tory too great, and confequently the
heights obtained are too confiderable.
A difference of about 2°. of the
common thermometer, or of near 5°.
of the fcale adopted by Mr. De Luc,
which frequently takes place between
the thermometers at 5 feet and at 73
1n oppofite directions, is fufficient to
affect the refults confiderably. It 1s
remarkable that the time he mentions
as moft favourable for the exa&itude
of barometrical obfervations, viz. the
fifth part of the {un’s ftay above the
horizon, is alfo nearly the ume when
the courfe of the two thermometers
crofs, and when they agree for fome
moments,
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‘moments, and confequently the moft
eligible to judge of the temperature
of the atmofphere at a certain height,
by an obfervation made near the earth,
and by this means to, approach the
true mean temperature required. But,
as I have already faid, it i1s necefiary
‘to make the obfervation on the ther-
mometer tn the fhade.
§ 145. There 1s alfo another object orhe,

uiri.

~of enquiry relating to temperature, O liir
which thefe experiments may throw .
fome light : I mean the regular diur-
nal progrefiion of atmalpheric heat in
different feafons of the year, and in
particular. the true mean heat of the
24 hours. |

- The manner of eftimating this laft

is not generally agreed upon. Scme
{uppofe it the arithmetical mean of
the mghcﬂ: and loweft degrees of the

T thermo-
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thermometer obferved in the 24 hours,
without regard to the duration of the
intermediate temperatures.  Others,
the mean heat of three periodical ob-
fervations made in the morning, at
noon, and in the evening.

The true mean heat would rewlt
more exatly from the fum of the de-
grees of an infinite number of obfer-
vations made in the 24 hours, divided
by the number of the obfervations
themfelves. And the more this prin-
ciple is adhered to i the procefs
which may be purfued for its deter-
mination, the nearer will the refult
approximate the truth.

§ 146. In the courfe of my expe-
riments on the temperature of the at-
mofphere; I have more than once ob-
ferved the thermometer every half
hour, from the dawn of day till 10

o’clock
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o’clock in the evening: fometimes I
have obferved every quarter of an
hour during the {fame interval ; and
by adding to the obfervations actually
made, the changes of temperature
which may be fuppofed to happen du-
ring the night, from ten o’clock In
the evening rill the dawn of day, and
which would probably follow a regu-
lar decreafe 1n an arichmetical pro-
greffion, we might thus compute the
“mean temperature of the 24 hours
from 48 obfervations; or from g¢6
when made every quoarter of an hour.
Agreeably to this method I have
chofen from my regifter of obferva-
tions, thofe which were made on very
ferene and uniform days, 1n the hot-
teft {ealon, and allo thofe made about
the vernal equinox, in order to af-

certain the mean heat of the 24 hours-
g atk
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at thefe two periods. The obferva-

tions made the 16th Auguft, 1779,

will reprefent pretty well the tempera-

ture of an ordinary fummer’s day in

our climate ; and thofe made the 1gth

Mareh, 1781, aday in the beginning

of {pring. ; |

B e § 147. On the firt of thefe two

» fummer’s days, I had 48 obfervations, including
“y. P

the vanavons I fuppoled to have ta-

ken place from 10 o’clock 1n the even-.

g till 40 minutes paft 4 in the morn-

ing. I had left the thermometer at

14° at 10 o’clock in the evening, and

finding it at 10°%1 at 30 minutes paft

4 in the morning, I divided the 3%9

between the 6 hours and £ which were

elapfed, and thus formed fo many

. fuppofed obfervations, which proba-

bly were not far from the truth, and

whofe poflible variation could have
- bt
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'but a very trifling influenee upon the
mean of the 24 hours.

By this procedure, I tound the
mean heat of the 24 hours deduced
from the 48 obfervations taken in the
thade at 5 feet from the earth, to be
"36°,1.

In-the courfe of my obfervations, I
found' that the thermometer indicated
this, temperature about 8§ o’clock in
the morning, and about 7 % in the
I-evening-. If, therefore, one fhould
 be defirous of obtaining an 1dea of
the mean heat of a clear fummer’s
day by a fingle obfervation, this ob-
fervation fhould be made at one of
the hours jult mentioned.

The mean of the extreme tempera-
tures obferved that day, viz. at {un-
wife, and at 3 o’clock in the aftgrnoon, .

I gave
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gave 16°,04 nearly approaching thatof
the 24 hours found above.

The mean of 3 periodical obferva-

tions made the fame day, viz. at fun-

rife, at furfet, and during the hotteft
moment of the day, gave 169,5s.
- And the mean of 3 obfervations,
made at funrife, at noon, and at fun-
fet, gave 16%,1. which agreed per-
feCtly with the mean of the 24 hours.

The difference between the hotteft
and coldeft time of the day was 12°,8.

§ 148. By combining in the fame
manner the obfervations of the 1gth
March, 1781, made every quarter of
an hour, viz. to the number of ¢6
during the 24 hours, we find the fol-
lowing refults:

The mean heat at 5 feet from the
carth in the fhade was 5°,8; and we

found this degree of temperature at
8 o’clock
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8 o’clock in the morning, and at 10
in the evening. It 1s remarkable,
that 1n f{eafons fo different the mean
heat fhould be equally reprefented
by the obfervation made at 8 in the
morning. But the mean between the
extremes of temperature on this day
gave 7°,9. which exceeds the mean
of the 24 hours 2°,1. The mean of
three periodical obfervations made at
{funrife, at {unfet, and in the hotteft
time of the day, gave ¢9°,3; and the
mean of 3 obfervations made at f{un-
rile, at noon, and at funfet, gave
8°,8 ; which exceed the other mean
full more. The difference between
_the extremes of temperature this day
was 14°,8.

From thefe examples it may be
prefumed that 1t would be difficult to
give any fimple formula, applicable

| T a o
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to all feafons, which, from twe or
three obfervations made at certain pe-
riods of the day, would nearly thew
~the mean temperature of the 24
hours. | |

Agraphical  § 149. In my daily obfervations, I

method

yery conve- BaVeE found nothing more convenient
thefs inqui- fOr Obtaining a clear idea of the diur- .
v pal courfe of ammofpheric heat, than
after the example of other philofo-
phers, to reprefent it graphically by
means of curved lines, upon the axis
of which I marked abfcefies propor-
tioned to the times elapfed between
the obfervations, and the correfpond-
ent ordinates thereof reprefent=d the
elevation of the thermometer for every
obfervation. The form of the curve -
which paffed through the excremities
of thefe ordinates, and which became
a ftraight line oblique to the axisin
* the
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the fuppofed obfervations between ro
o’clock in the evening and day-break
in the morning, defcribed to the eye,
in the moft compleat and fausfattory
manner, and i an inftant, what could
not have been difcovered without
much time and infinite attention In
columns of cyphers reprefenting the
obfervations themfelves.

§ 150. This curve preflented an ir-curve
regularity in the part correfponding to :',"H?“r:j
the obfervations made towards ¢! >l
o’clock in the morning in {fummer ;
it there formed two or three 2/g-zags,
occaftoned by a light. breeze which
generally rofe abouot that hour in the
ferene days, and cooled the atmof-
phere by intervals. The curve after-
wards regained its regularity, became
 parallel to the axis between 2 and 3
“o’clock P, M. and from that time till

{un-
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CHAP., IX.

;Expfrimmtj on Heat 'pruduccﬁ'd by
FErittion.

'8 152, IF the difcovery of a truth 1s Opinion

concerning

- a fource of real pleafure to a philofo- the caufe of
a g heat produ~
pher, an opportunity of corrcfting an ced by fric-

error which he had adopted will alfo s
be a gratification to a candid mind,
and 1s what I experienced in the courfe

of experiments contained in this chap-
ter.

I was perfuaded that the heat pro-
duced by fri€tion was owing, In a
great ‘meafure, to a kind of mechani-
cal decompofition of the air between
the {urfaces rubbing againft each other;
and this opinion appeared to be pro-

bable
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bable from the obfervation that the

fragments of fteel detached by the

ftroke of a flint, were not melted in

vacuo asthey were in air. This hy-

pothefis feemed alfo to be fupponted

by confiderations on the quantity of

fire chemically contained 1in this elaftic

fluid. But we fhall prefently fee, that
experience has overturned it.

Apparatus § 153. In order to vary the expeni~

e ::EE ments, I employed the following ap-

ﬁo:li " paratus.

| It 15 a kind of clock-work move-

ment, 3 1nches in diameter, and 2 in

height. The moving power 1s a

{pring inclofed after the ufual manner

in a barrel, the wheel of which has

120 teeth, andruns in a pinion of 12

leaves, whofe fpindle carries a wheel

of 98 teeth. 'This wheel runs in. a

pinion of 8 leaves, which drives a

third
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¢hird wheel of 60 teeth, and this turns
a third pinion of 22 leaves, which oc-
cupies the centre of the machine to-
wards the upper plate. The {pindle
of this pinion projeéts above the plate
and 1s terminated by a fquare, to
which the {ubftances defigned to make
trial of the friction are adapted.

In confequence of fuch a number
of teeth and leaves running in each
other, the laft pinion makes 3134 re-
volutions for one of the wheel of the
barrel.

Tothis pinion are fitted {everal litdle:
- hemifpherical cups with the concavity
uppermoft, and their bottoms being
pterced with a {quare hole correfpond--
ing with the {quare of the {pindle,
they are placed thereon and turn with
it. The'cups I made ufe of were of
{teel, of brafs, and of wood, and of

two-
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two different diameters, viz. 7 lines
and 3z. | |

Immediately over the centre of the
cup fixed for the experiment, I place
a mercurial thermometer, whofe bulb
1s only 23 lines in diameter. This
thermometer may be raifed or lowered
{o as to enter, more or lefs, the cavity
of the cup without touching its fides;
by which difpofition it is calculated to
receive and thew moft readily the heat
given to the cup by the fnction.

The fri¢tion operates on the outer
edge of the cup near the brim;
and in order to vary 1t either by the
-degree of preffion, or the nature of
the {ubfiances rubbing againft each
other, I employ a horizontal lever,
whofe point of {uipport 1s at one of the
extremities, che direction of which is
parallel to a tangent of the circumfe-

rence
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rence of the cup, and at the other ex-
tremity a thread is fixed at right an-
gles, which, pafling over a pulley,
{ufpends a weight that may be varied.
The lever 1s furnithed with a mouth-
piece at its mid-length, refembling
that of the cock of a piftol, in which
I place the different{ubflances intended
to rub againft the cup with a preflion
determinable by the weight. For, as
the lever 1s of the {econd clafs, and
the diftance from the mouth-piece to
the point of fupport is 13} lines, whilft
the weight alts at its extremity at
double that diftance, or 267 lines, the
ation of the weight prefling the {fub-
ftance rubbing againft the cup is dou-
ble the weight itfe!f, which being 4
drachms, 18 grains, its effet is con-
fequently equal to 1 ounce, 36 grains;
and this 1s the preffion I have con-

{tantly
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ftantly employed in the experiments
of which I am about to render an ac-
count.

I found the relative velocity of the
fubftances under fnétion, in the fol-
lowing manner.. When I applied the
ftee! cup of 7 lines diameter to the
fpindle of the pinion, and fufpended
to the lever the weight above men-
tioned, putting in the mouth-piece a
bit of brafs to rub againft the fteel,
the wheel of the barrel in running
down makes 5 revolutions in 8 fe-
conds; 1t may therefore be concluded,
that in this cafe the circumference of
the cup is moved at the rate of 32
feet in a fecond. But when 1nftead of
the great {teel cup I {ubftitute a brafs
one of only 3% lines diameter, leaving
the fame preffion and the fame rub-

bing fubftance, the wheel of the bar-
F el
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rel makes one revolution 1n a {fecond,
which gives the circumference of the
" eup a velocity of 25+ feet in a fecond.
And thefe are the extremes of the ve-
Jocities employed in my experiments,

The apparatus is of a fize to admic
its being readily introduced into the
common receivers; and it may be fet
1n motion in vacuo by means of a rod,
which traverfes the leathern apparatus
commonly employed for this purpole,
and the extremity of which touches a
{pring or trigger.

§ 154.  Comparative experiments in gyperi-
the air and in vacuo were the firlt ob- figion in
je@s of my inquiiies. For this pur-!hen
pole, having adapted a cup of tem-
pered fteel, and placed in the mouth-
piece a bit of adamantine {par, which
mineralogifts efteem the hardeft {ub.
ftance next to the diamond, I fet the

U nachine
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machine in motion in the air. Sparks
flew out during all the revolutions,
and formed a radiated fheaf of light,
whofe top was at the point of contalt.
The thermometer in the centre of the
cup, at fome diltance, however, from
its fides, fhewed no figns of heat pro-
duced by the friction.

I repeated the experiment and placed
the bulb of the thermometer without
the cup, very near its outer edge,
prefuming that the fire carried away,
perhaps, by the rapidity of the revo-
lutions would form an atmofphere
round the edge, and thereby affect
the thermometer. But the inftrument
in this new difpofition gave no figns of
heat.

I repeated the experiment in a va-
cuum, where the mercury of the gage
ftood at 4 lines. The thermometer

thewed
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thewed no figns of heatin this cafe,
and I faw no {parks. I even thought
that no light was produced; but
when 1 renewed the experiment in
complete obfcurity, 1 {aw atthe place
of contaét a phofphoric glimmer, like
‘that obferved upon rubbinghard {tones

1n the dark.
§ 155. From the refult of thele ex- The refut

Droves nop-

periments I naturally concluded that, tisg.

~1n the prefent difpofition of my appa-

ratus, the heat produced by the fric-

t1on was {o weak that the thermometer
- .thus fitudted could not indicate it in 2

manner to be depended upon ; tor, 1
“.could perceive no variation in the ex-
‘periments made alternately in the
-air and -in vacuo, except that in the
former 1 ebtained {parks, and in
sthe latter only a feeble pholphoric
light.

' | | § 156.:]

ot
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513;;;2 § 156. I now fubftituted the brafs

tus. cup of 3: lines inftead of the fteel
cup of 7 lines, and the bulb of the
thermometer almoft entirely occupy-
ing the cavity of the cup, it was {o
near its fides, that the fmalleft heat
produced muft affect it. 1 placed n
the mouth-piece a bit of brafs, and
the preffion being always the fame, I
fet the machine in motion in the air
feveral times following, and each
time obtained an afcenfion of <% of a-
degree of the thermometer.

[ obferved that the thermometer
did not begin to mount till the ma--
chine had finithed its revolutions.
Their rapidity, without doubt, gave
to the ambient air a tangential force
which carried off the fire in propor-

~tion as it was difengaged by the fric-

rion ; but as foon as the motion ceafed,
| the
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the thermometer rofe during 15 or
20 feconds to a certain maximuym,
which varied, as will be feen, ac-
cording to circumftances.
~ § 157. 1 repeated the fame expe-Refult con-
riment in a vacuum which fupported criamios®
an inch of mercury, and 1 obtamned
a mean afcenfion of 1,°2; with this
difference, that the thermometer rofe
whilft the machine was in motion, and
thereby confirmed the explication I
have juft given of the cauﬁ: which
rendered it ftationary in the air.
- In this inftance we fee fire excited
by fri¢tion more efficaciouily in vacuo
than in the air. The fpecific heat of
air, by abforbing a part of the heat
produced, tended, without doubt, to
increafe the difference of thefle refults;

but the difference which fhll remained
U 3 was .
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-was {ufficient to induce a fufpicion of
‘my miftake. | |
To alcertain whether the heat I had
obferved was really owing to the fric-
tion of the fubftance in contact with
the outer edge of the cup, I put the
cup in motion, without any thing
touching its edge, and the thermome-

ter remained perfectly ftationary.
Theinfu-  § 158. In thefe experiments we
bardoers inhave feen metallic fubftances of the
e g me kind in conta&, and to know
| whether the hardnefs of the rubbing
fubftances was one of the caufes which
contributed to the production of heat,
I let the brafs cup remain, and placed.
~in the mouth-piece, inflead of the
bit of brafs, a piece of the foft wood
of a pencil, which touched the cup
by a very narrow edge only. By this
dipofition I obtained in.the air a mean
afcen- _

-
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afcenfion of 7 of a degree, which
was greater by 1% than what had been
produced by the friction of brafs
againft brafs.

To confirm thefe refules T {ubfii-
tuted, inftead of the brafs cup, acup
of very foft wood of the fame diame-
ter, leaving in the mouth-piece the
fame. bit of wecod which had been
made ufe of in the preceding experi-
ment. This alteration occafioned an
afcenfion of 2°,1 in the air, which
was the mean of three experiments
that differed only +5 of a degree from
each other. In this cafe, weod rub-
bing againft wocd, produced a heat
thiree times greater than had been ob-
tained by the fri¢ion of wood againft
brafs, which perfely confirmed the
firft refults. |

U4 I re-
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I repeated this experiment 1n . va-

cuo, and had a mean afcenfion of
2°,4 3 that 1s to fay, a little more

heat 'than in the air, according to the |

preceding obfervations.

§ 159. Still better to determine
the influence of the air, I was defi-
rous of repeating the experiment in

the extremes; that s, having already .

made it in vacuo, of trying it in con-
denfed air. The gage of the con-
denfing pump was at 48 inches, and
the air within confequently charged
with an atmofphere and three fourths.
In thefe circumfitances I obtained only
o of adegree of heat ; whereas I had ob-
tained 2°,4 inavacuum which fupport-
ed oneinch of mercury,andthe pofition
of the thermometer remaining always
the fame, in a feries of experiments

| made
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made with the famé cup, no acci-
dental variation could have happened.

§ 160. But chance occafioned the Singular ef-
difcovery of a circumftance whi::hi‘j.ﬁ'éf"
powerfully modified and ftill ote e
completely overthrew the ideas 1 had
formed of the caufe of heat produced
by friction. '

When 1 employed the brafs cup,

I was apprehenfive, from the {mall-
nefs of its concavity, that the bulb
of the thermometer,’ owing to fome
 1rregular motion, might be broken
' by the rapid friction of the metallic
body, which it almoft touched. And
to prevent this accident, I lined the
infide of. the eup with cotton, which
touched very flightly, and by fome
filaments only, the under part of the
bulb. I now faw with much furprife"
the
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the thermometer rife 5 or 6 degrees
during the revolutions of the cup.

This phenomenon took place inde-
pendent of all external fri¢tion againft
the cup, and was therefore manifeftly
owing to the friction, although very
light, of the cotton under the bulb
of the thermometer.

I repeated this experiment in many
different ways, and obferved, that in
proportion as I prefled the thermome-
ter upon the cotton, the heat was in-
creafed, and to that degree, that the
thermometer I ufed for thefe obfer-
vations having only 15 degrees of
movement, I was fearful of breaking ‘
it by carrying the experiment to the
extreme. |

There are certainly few bodies
more yielding than the filaments of
cotton, and yet it was their fri¢tion

which
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which was the moft energetic of all the’
means I employed in producing heat.
It 1s true that the cotton rubbed the
bulb of the thermometer itfelf;
whereas all the other fri¢tions had
been made only againft the cup which
furrounded it: But I cannot be per-
fuaded that the difference of the re--
{ults was {olely owing to this cir-
cumftances It appeared, that the
heat produced in vacuo was, in this
cafe alfo, greater than that produced
in the air ;. but it is evident, that ex-
periments made in this manner can-
not be rigoroufly comparative, be-
caufe it 15 impofiible to afcertain a
perfect equality of preffion upen the
cotton 1n two- confecutive experi-
ments.
- § 161. It is very difficult to reafon Reflectionss.
- upon the fa&s I have juft related.

| ‘Lhey
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They offer only fome data for our
procedure, by way of exclufion. We
fee that it is not air which caufes heat
in fri¢tion ; we fee alfo that it is not
the hardnefs of the rubbing fub-
ftances ; but we do not pereeive what
15 the quality of bodies on which this
effet depends.

The {parks produced by the col-
Iifion of flint and fteel, are probably
owing to two caufes. 1ft, To the
hardnefs of the ftone, which enables
it to penetrate the fteel, and to derach
from 1t very thin fragments in the
form of ribands. 2ndly. To the
combuftiblenefs of -fteel. This metal
being raifed by the friction to a de-
gree of temperature in which it is
able to decompound the oxygenous gas,
and offering by its great attenuation

a confiderable furface to the ambient
atmof-
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atmofpherical air, combuftion begins
in {fome part of that furface, ard once
begun, the freed caloric is fufficient
to continue it, till the metal becomes
entirely oxidated or converted into a
black ethiops.

This 15 therefore a chemical phe- -
nomenon, which does not take place
in vacuo, becaufe there is not any
oxygenons gas there.

§ 162. It 1s perhaps allowable to conjec-
rifk conjeCtures on a new fubje&,
when the truth is yet undifco-
vered. 4

May not the heat produced by a
caufe fo fimilar to that which gene-
rates. eleCiricity, depend upon the
eleCric z&ion, which was, withour
doubt, excited by the gentle friGion
of the cotton againft the furface of
the glafs bulb? Fire and the ele@ric

fiuid
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fluid develop themfelves refpe&tively
in many other cafes, and we have feen
an example in the preceding experi-
ments, which may afiift usin con-
-ceiving the pofhbility of a reciprocal
-action of the two fluids in this laft.
If eletricity thould have no thare
in thefe effets, may not a vibratory
movement, excited by frition in the
matter of fire contained in the pores
~of the {ubftaneces, develop the action
of this element {o eminently elaftic ?
Thus, to give an example of an
analogous effect, the wet finger moved
lightly on the edge of a glafs produces
a ftronger and more complete found,
‘than a blow from a bard and {olid body
upon the fame glafs., In like man-
~ner the bow produces a ftronger found
{rom the {trings of a violin, by being
grawn
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drawn acrofs them, than can be ob-
tained by ftriking them violently.

A particular fatt obferved by Mr.
Benjamin Thompfon * tends to con-
firm this conje&ure. He remarked,
in a courfe of experiments on fome
pieces of Ordnance, that the cannon
‘was much more heated when fired
with powder only, than when a ball
was added ; and he thews very clearly,
that the heat which the piece poficiics
after the difcharge, is, in general,
very little owing to the heat produced
by the inflammation of the powder.
That able philofopher endeavours to
explain this fa&t by the hypothefis
which I have juft mentioned. He
prefumes that the fudden commotion
which takes place at the iaftant of

* Philof. Tranfalt. 1481, 2nd part.
the
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the explofion of the powder without
ball, puts the fire much more effec.
tually into vibration, than when the
thock 1s deadenened by the prefence
of the ball. |
But what is, the quality of bodies
moft likely to produce this vibration
in the element of fire? Is it their
own elafticity? The obfervations I
have made feem to prove the con-
trary. Do not the fpecific heat of va-
rious fubftances and their different
permeability to the matter of fire
operate al{o as coefficients in the ef.-
fets of frition? and if {o, experi-
mental inquiries become complicated
* and very difficult. ;

FINTS.
















