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4 The ConsTruUcTION and GRADUATION

fpective favourers and admirers *, At firft, as is
the fate of all other inventions, Thermometers
were but rude and imperfet machines, and not
cafily to be applied to fo many purpofes as came af-
terwards to be in ufe. They were very clumfy:
and as the various degrees of heat were pointed by
the different contradtion or expanfion of air, they
came afterwards to be found uncertain, and fome-
times deceiving meafures of heat; as the bulk of
air was affeted not only by the difference of heats

* The invention is given to Drebbel by his country-
men Boerhaave (Chem. 1. p, 152. 156.) and Muflchen.
broek (Tent. Exp. Acad. Cim, Add. p 8. Eff. de Phyf.
§ 946) Fulgenzio (Life of Father Paul, p, m. 148)
afcribes il to his mafler Father Paul Sarpi, that great
oracle of the Republic of Venice. But there was an
humour prevailed in thofe days of fathering almolt all
the curiouns difcoveries of the age on that great ftatef-
man and virtuofo, Vincenzio Viviani (Vit, de I’ Galil.
p. 67. See too Oper, di Galil. Pref, p. 47.) fpeaks of
Galileo as the inventor of Thermometers. But we
know how much and how fondly he adored the me-
mory' of his great mafter. (See Hift, Acad. des Scien,
1703, P. 169. 175, 176. 180.) Still all thefe are polt-
humous claims, and they too imputed by others, But
San@orio himfelf (Com. in Galen. Art. Med. p. 736.
842. Com. in Avicen, Can. Fen. . p. 22. 48. 219.) ex.
prefly affumes the invention in queltion. Aund Berelli
(De Mot. Animal, 1I. Prop. 1%5.) and Malpighi (Oper,
Pofth. p. 30.) afcribe it te him without referve. And
thefe Florentine academicians are not to be fufpeéted
of partiality in favour of one of the Patavinian {chool.

but



ofr THERMOMETERS. 5

- but likewife by the difference of weight of the at-
mofphere ¥, |

2. + Ferdinand 11, great Duke of Tufcany, or the
gentlemen of the Academia de I’ Gimento under his
- proteftion, made a very great improvement on
thofe curious and ufeful machines. They made
them with {pirits inclofed in glafs tubes, and thefe
hermetically fealed. So that they could fuffer no-
thing by the evaporation of liquor, or the various
gravity of the incumbent atmofphere. And it was
Thermometers made in this way which were firft
introduced into England by Mr. Boyle 1, and came
immediately to be of univerfal ufe among the vir-
tuofi in all the feveral countries, where-ever polite
learning and philofophy were cultivated,

3. But there was not fo much ufe made of thofe
inftruments as. they were capable of. We have
plenty of obfervations made with particular Ther-
mometers at different times and places. - But then
thefe were not conftruéted by any fixed fcale or
frindard. Even the Flrentine Weather-glafles them- -
felves, whofe higheft term was adjufted to the great
fun-fhine heats of that country, were too vague
and indetermined. . And in other places every
workman made them according to his own way
and fancy ; without adjufting his numbers to any -

* Boyle Exp. on Cold. Abr. I. p. §77. &ec.
+ Vivian. Vit. de I’ Galil. p. 67.
1 Exp. on Cold. Abr. I, p. 582,
| A 3 known



6 The ConsTRUCTION and GRADUATION

known or determined degrees of heat. And fo
they could not be compared one with anether;
nor could the obfervations made by different per-
fons, and in different parts of the world, be col-
lated with any degree of certainty or juftnefs, By
which means, notwithftanding all the very nume-
rous regifiers of the weather that have been kept
and publifhed by different authors, we are ftill at
a lofs 1o determine the comparative differences of
heat and cold in different countries and climates,
and the refult of many other obfervations. '

4. Had all the Weather-glafles in the world been
made according 10 one determined fcale, thefe in-
conveniencies and uncertainties would have been
prevented ; which are now unavoidable, and muft
{till continue fo, untill every b{ﬂdy agree to gradu-
ate their 'Thermometers in the {fame way, or at leaft
determine fome fixed or unalterable points of heat,
to which all the different {cales of thofe infiruments
may be reduced.

5. The great and truly honourable Mr, Boyle *
found himfelf very much at a lofs for a ftandard,
whereby to meafure heat and cold: the common
inftruments fhewing him no more than the relative
coldnefs or heat of things, but leaving him in the
dark as to their pofitive degrees. Whence he could
not communicate the idea of any fuch degree to

* Exp. on Cold. Abr. 1. p. 579.
another
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another perfon, Thermometers were then fuch in.
definite and variable things, thatit feemed morally
impoflible from them to fettle fuch a mealure of
heat and cold, as we have of time, diftance, weight,
&e. there having been then no method thought up.
on to compare together any two different Thermo-
meters ; or the obfervations made by them. Now as
bodies are varioufly affeted by various heats, regu-
larly undergoing fuch and fuch changes, at fuch and
fuch degrees of it, fo the faire{t way to fix a {tandard
method of adjufting Thermometers would feem to
be from fome remarkable change a body under-
went by the application of a certain degree of heat
to it. In confequence of which Mr, Boyle propo-
- fed the freezing of the effential oil of Anifeeds as
a term of heat and cold that might be of ufe in
making and judging of Thermometers; and fo to
graduate them from this point according to the
proportional dilatations or contractions of the in-
cluded fpirits. He mentioned too the coldnefs re-
quifite to begin the congelation of diftilled water
as another fixed term that might be propofed : for
he was perfuaded that among the ordinary waters
fome were apt to freeze more eafily than others.
But the objetions which he apprehended might
be made to this method fcared him fo much, that
he profecuted no farther this confideration of fix-
ing a ftandard for making and graduating Ther-
mometers all in the fame way. Which ’tis pity
one of his genius and induftry, and affifted with
fuch opportunities, did not carry farther; as it is

of
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but few who can have an opportunity of making
obfervations, and adjufting Thermometers in the
cave of the Parifian obfervatory. And we are not
fure that other deep pits would coincide precifely
with the temperature of thefe places. The diffe-
rence of foils and different depths might occafion
a confiderable variation,

7. Another term of heat Dr. Halley * thought
might be of ufe in a general gradunation of Ther-
momcters is that of boiling [pirit of wine. ¢ Only
< it muft be obferved, that the {pirit of wine ufed
‘¢ to this purpofe be highly rectified ; for otherwife
¢ the ditfering goodnefs of the {pirit will occafion
‘¢ it to boil fooner or later, and thereby pervert
¢ the defigned exaétnefs.” He objeéts too its great
~ aptnefs to evaporate, and that in length of time
it becomes, as it were, effcte, and lofes gradually a
Part of its expanfive power. But truly this laft
mentioned difficulty, though repeated after Dr.
Halley by feveral others, and commonly pretty
much infifted on, would feem to be of no great
weight, Well reftified fpirit of wine, if fealed up
in a glafs, is pretty unalterable. It cannot evapo-
rate : and by many years experiénce its force of
expanfion has continued the fame; as, befide other
obfervations, we know efpecially from the annual
regifters of Mr. De la Hire’s {pirit ‘Thermometer,

# Phil, Tranf. Abr. IL p. 35+

that
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that has been kept in the obfervatory above thefe
threefcore years by paft.

8. But a much more convenient term of heat,
though lefs infited on by Dr. Hulley, is that of
boiling water. 'This he found * to be a very fixed
and fettled degree of heat ; and which, when once
water has acquired it, 'cannot be increafed by any
longer continuance or length of time. And this
point of heat Sir Jfaac Newton and Mr. Amontons
were juftly very fond of in fetding the limits of
their refpe@ive Thermometers: wherein too they
have been imitated by all thofe that came aftep
them,

9. Though I could fcarcely find any fenfible dif-
ference in various waters, differing confiderably
in weight, faltnefs, cleannefs, & fo as that Mr.
Tazlini’s obje&tions + againft the fixednefs of this
point are of no force ; yet truly this heat of boiling
water is not at all times and places fo abfolutely
fixed and invariable, as moft people are ready to
conclude from Dr. Halley’s and Mr. 4montons’s
obfervations. The fixednefs or volatility of water
depends very much not only on the cohefion of its
particles, but alfo on the preflure of the incumbent

* Phil, Tranf, Abr. II. p. 34. See too Amontons
in Mem. Acad. Sc. 1699. p. 156. 1702. p. 210,

+ See Mem, Acad. Sc. 1730. p. 714+
atmofphere.
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atmofphere. 1 For in a veffel much exhauited of
air, water and other liquors, being freed of molt
of the ordinary preflure they undergo, boil in 2
very moderate degree of warmth, much below
what in the open air is ufually requifite to fet them
a boiling. And agreeable hereto Fabrenbeit atually
found § that water was capable of a greater or lefs
degree of heat in boiling, according to the greater
or lefs weight of the atmofphere, or the greater or
lefs height of the Mercury in the Barometer. But
in ordinary changes of the weather the difference
is not very great *, And farther we may avoid all
errors that might arife from any thing of that fort,
if we make our obfervations on the heat of boiling
water, and adjuft this term of heat at a middle

1 See Boyle Phyfico. Mech, Exp. Abr, 1I. p. 473.
474. Newton, Opt. p. 318.

§ Phil Tranf, Abr, VI. 2. p. 18, Boerh. Chem. I,
P. 171. ;

* Itisnot {fo great as Dr, Boerbaave (Chem. I,
p. 171.) in giving an account of Fakrenheit’s oblerva-
tions reckoned. In an alteration of 3 inches in the
height of the Mercury in the barometer, he fays, the
boiling heat is found to differ 8 or ¢ degrees, 1 did
not find it o vary fo much by the different weights of
the atmofphere. From the experiments I have made
I judge that by the rife or fall of the quickfilver an
inch in the barometer the boiling heat of water vari-
cth fomewhat lefs than 2 degrees.

{tate
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ftate of the atmofphere in places near the level of
the {ea, when the Mercury in the barometer ftands

at about 3o inches or a very little under it. And

the fame caution will be neceffary in judging of the

heat of boiling fpirit of wine, or of the boiling heat

of any other liquor.

10. It was on this principle chiefly of the deter-
mined fixednefs of the heat of Geiling water that
Mr. Amontons + contrived his univerfal Thermome-
ter. It was indeed a pretty contrivance : but it ne=
ver was, nor never could be of univerfal ufe; nor
could it anf{wer the defign of its ingenious author,
Its conftrudtion is too difficult and complex ; the
machine itfelf is too bulky and incumbered to be
cafily managed, or carried from place to place.
And then it is fuppofed to be fitted at a due tem-
perature of the air, asin the {pring and autumn at
Paris : which, befide that it is in itfelf fomething
too indefinite, at other times and places we cannot
well be fure of. And the air of that temperature
he reckoned to be dilated juft one third by the heat
of boiling water. But the dilatation of the air is
not {o regularly proportional to its heat; nor is its
dilatation by a given heat near fo uniform as he
all along fuppofed. This depends much on its
moifture : * for dry air does not expand near f{o

+ Mem, Acad: Sc. 1702. p. 204, &c.

* See Hilt. Acad. Sc. 1708. p. 15, Mem. p. 376,
Mufichenbr. Tent, Exp, Acad. Cim. Add. p. 40. Eff,
de Phyf, § 1402.

much
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much by a given heat, as air ftored with watery
particles ; which by being turned into fteam in-
creafe vaftly the feeming volume of the air. So
then as Mr. Amontons’s ‘Thermometer is affeéted by
all thefe and other inconveniencies +, it is no wen-
der it was imitated by very few, and never came to
be of general ufe in the world.

11. From this one determined point of the heat
of boiling water there may however be laid down a
general method of confiruting Thermometers all
in the {ame way, fo as that they fhall correfpond
with one another in all the various degrees of heat,
It is, as Mr. Boyle * propofed long ago, by mark-
ing the degree of expanfion or contradtion of the
fluid of the Thermometers, as the heat applied is
either greater or lefs than that of boiling water,
Suppofing for example the whole volume of this
fluid to confift of 10000 parts it is to mark on the
tube where that volume is expanded by heat, or
contradted by cold, 1, 2, 3, 4, &c. of thefe parts.
All which may bé done at any time by different
perfons and in different places, fo asthat they fhall
an{wer precifely to one another.

12. Thisis a very plaufible method, and has been
aftually tried by fome, as we fhall afterwards have

+ See Mr. de Reaomur in Mem. Acad. Sc. 1730,
P 654.
* Exp. on Cold, Abr, I. p. 599,

B occafion
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occafion to fee. And yet in pradtice it will not be
found very ealy to determine exactly all the divifi-
ons from the alteration of the bulk of the fluid;
befide other unavoidable inconveniencies and un-
certainties we fhall by and by have occafion to take
notice of. It is fufficient and will be much eafier
and more convenient, in fettling an univerfal me-
thod of conftruéting Thermometers, to determine
at lealt two fixed points of beat at a confiderable
diftance the one from the other ; and to divide on
the tube or {cale the intermediate fpace into any
conveniecnt number of equal parts or degrees. Bul-
ing water, in the circumftances we propofed, we
juft now found to be a pretty uniform and fixed de-
gree of heat, And water juflt freezing, if that
come out always the fame, will anfwer the purpofe
moft readily of any degree we could think of.

13. It is true Dr. Halley * thought this to be a
point admitting a confiderable la:itude. And fome
have fufpeéted that water freezes at different de-
grees of heat in different feafons, countries and
cimates. And Dr. Cyrill’s obfervations + would
feem to confirm it. At Naples he found water to
freeze when his Thermometer was 10 degrees above
the freezing point as it had been conftructed in

‘# Phil, Tranl Abr. 1L, p. 36.
t Phil. Tranf. N. 424. p.336. N. 430, p. 189.
N. 434 P- 477+ 4°8. N. 435. p- 464,
England
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England by the direCtions of the Royal Society.
- And Father Martini * talks of the frofts in the

province of Pekin in China as greater than its lati-
- tude of 42 degrees would induce one to exped, the
- rivers being often frozen for four months together,
. ©c. And adds, that it is furprifing the Evropeans
- fhould remain unaffeéted by this cold; and flight
- it as unable to produce ice in their quarter of the
- world. From all which one might be ready to con-
- clude with Dr. Derbam t, Profeflor Muffehenbrock |,
" and others, that the farther north we go, it takes
the greater degree of cold to freeze water. And
what might firengthen fuch a fufpicion is, that I
found fome of the Dutch mercurial Thermometers
made at Amflerdam in which the freezing point was
marked at gr. 32, to be a degree or two lower here
when immerfed in thawing fnow or beaten ice be.-
ginning to melt.

- 14. But Iam convinced all this feeming difference
flows from the careleflnefs of obfervers, or errors
of the workmen. Or what if Dr. Cyrilli kept his
weather-glafs thut up and fheltered in a houfe while
it freczed abroad? As I know is but too ordinary
with tho!c who preternd to keep regifters of the wea-
ther. To fatisfy myfelf in this article I took a very

* Atlas Sinenf, p. 27. See too Boyle Exp. on Cold.
Abr. L. p. 577. Reaumur in Mem., Ac. Sc. 1734,
P.233. 1 Phil. Tranf. Ibid.

| E. de Phyf. § 913.
B 2 fair
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fair method of enquiring if there was really any
fuch difference in the cold of freezing water in dif-
ferent climates. I marked two mercurial Thermo-
meters here in the latitude of §6 deg. 20 min. and
got a correfpondent. of mine to mark fome others
at London in the latitude of 51 deg. 32 min. all at
the freezing point infnow or powdered ice melting.
And upon exchanging thefe Thermometers we
found them, when again immerged in thawing
{now orice, ftill to point at the very fame marks
precifely without the leaft obfervable difference.
‘Were there any odds occafioned by the difference
of climates would novnear g degrees of latitude
have fhewn it very fenfibly * / And at this fame
very mark does the quickfilver ftand in fuch thaw-
ing ice or fnow at all-feafons of the year, in fum-
mer or winter, in cold weather or warm weather,
under a light or a heavy atmofphere, &'¢c. From
whence I conclude the freezing point to be a very
conftant and fettled degree of beat, more fixed and
determined than even that of beiling water, and

* The univerfality and fixednefs of the term of con-
gelation I can now affirm with f{till greater confidence
and certainty after the trials I lately made, not only
at London, but at Paris in the latitude 48 deg. so0
min. and Dijon in the latitude 47 deg: 20 min. by
which I found that precifely the fame degree of cold
was requifite to freeze water in Burgundy and in the
ifle of France, as in'our nerthern climates.

confequently”
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confequently very fit to be one of the fixed limits
in adjufting our Thermometers.

15. The fixednefs then of the freezing point
think we may take for granted, and fufficiently e-
ftablithed by thefe obfervations, notwithftanding
what Profeflor 7aglini may have {aid to the con-
~ trary; and the unneceflary conceflions Mr, De
Reaumur thought fit to make on that head * : and
the obfervations adduced by Dr. Mujfchenbroek +, by
- which he would prove the freezing of water to be-

gin in various degrees of cold, depending on fome
faline additional mixture from the air. All which
may be allowed to fhew that in fome places and
circumfitances water freczes more or lefs eafily,
though the degree of cold in this a& of natural
freezing be, for any thing we can perceive, in all
pretty nearly the {ame.

16. The cold of Water beginning to freeze, or
which is the fame thing, of Jce beginning to melt,
Is fuch a convenient fixed point, fuch a remarkable
period of heat and cold, and withal fo eafily de-
termined by emerging the bulb of the Thermome-
ter in thawing Snow or Ice, thatit is furprizing fo
few have taken it into the {cale of their Thermo-
meters, that theirs might be the better compared

®* Mem, Acad. Sc. 1730. p. 712,

t Tent. Acad. Cim, Add. p, 184, 185. Efl. de Phyf-
§ 013, &e.
: B3 with
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with other people’s obfervations. We are not ab-
folutely fure even of this part of the fcale of the
Florentin weather glafles, And the French have not
vet precifely determined the freezing point in Mr,
De la Hire’s ftandard Thermometer of the Obfer-
vatory, by which the regifter of the weather has
been {o very long kept ; and with which they fome-
times compare other obfervations : And moft of
the other obiervations of the Weather both in the
Memoirs of the Academy of Sciences, and in the
Tranfaltions of the Royal Society are done with
Thermometers {o negligently conftruéted, that we
are left altogether uncertain of their degrees of
heat: moft of thofe that have the freezing point
marked on them having it very erroncoufly gradu-
ated, and alfo having no other determined or known
period of heat; and fo coming to be as indefinite
and uncertain as the ﬂihers.

17. The great Sir ffaac Newton thought the fet-
tling the degrees of Heat and Cold well worth his
notice ; and, as he carried every thing he meddled
with beyond what any body had done before him,
and generally with a greater than ordinary exadt-
nefs and precifion, fo he * laid down a method of
adjufting Thermometers in a more definite way than
had been done hitherto. We have already 1 found

* Phil. Tranf, Abr, IV, 2. p. 1, &c.
% 12,

it
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it neceflary, at leaft convenient, to fix on two de-
termined periods of heat to make up an intelligible
{cale of its various degrees. 'We have likewife
found Water fieezing and Water boiling to be in
two points of heat very convenient for {fuch a pur-
pofe. And thefe are the very degrees of heat h€
pitched upon. The liquor he ufed was Linfeed
Oil, a homogencous fluid enough, and capable of
a confiderable rarefaction, and not having been ob-
ferved to freeze even in very great colds, and able
to bear a great heat without boiling. Suppofing*
the bulb when immerged in thawing [now to con-
tain 10000 parts, he found the oil expanded by the
heat of the Auman body {o as to take up 4%y more
fpace, or 10256 fuch parts ; and by the heat of
Water boiling ftrongly 107245 ; and by the heat of
melting Tin 11516, beyond which he did not carry
his Oil Thermometer. So that, reckoning the
freezing point as a common limit between heat and
cold, he began his {cale there, marking it gr. o,
and the heat of the Auman body he made gr. 12
and confequently the heat of boiling water was ex-

prefled by gr. 34 = 22 X2 . and melting Tin by

2506
gr. 7t
18. I wifh the world would have received this or

any other determined {cale for adjufting their Ther-
mometers. But I fuppofe they might be apprehen-

T 83 1q
fiv€
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five of fome inconveniences in this {cheme, Befide
fome inconfiderable arithmetical errors in Sir /faac’s
paper, and fome few not accurately enough made
obfervations of no great moment, they would al-
lege * that he had exprefled himfelf as if he had
thought the point of freezing Water to be the low-
eft degree of heat. And indeed he has not men-
tioned any winter cold beyond that; though, as we
{hall take notice on another occafion, we fometimes
experience vaftly intenfer colds: in confequence of
which it would be eafy to protract Sir [faac’s fcale
downward below gr, o, or the freezing point, and
fo to make it as ferviceable in common ufe, even
for great degrees of cold, as other Thermometess,
But there 1s another difficulty which will hold in
all oil Thermometers, or any made with a vifcid
jiquor, that it adheres too much to the fides of the
tube. In a fudden cold or fall of the oil a good
deal fticks by the way, and only finks gradually af-
ter, fo that at ficft the {urface appears really lower
than the prefent temperature requires., And befide, -
as at all times fome muft continue to ftick and
moiften the infide of the tube, in different degrees
of heat and cold, the oil becoming alternately more
or lefs vifcid, will adhere fometimes more and
fometimes lefs ; and therefore will inevitably difturb
the regularity and uniformity of the Thermome-
ter.

* See Amontons in Mem. Acad. Se, 17&3- p. 233.

19. The
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19. The Florentin Thermometers made with fpi-
rit of wine were by no means fo liable to errors of
this kind. The {pirit indeed muft moilten the in-
fide of the tube: but as thisis fo very thin a li-
quor, it is probable that moiftening is always pretty
uniform, and extremely thin; fo as that it can have,
no other effet but to render the tube a very little
narrower. And {o truly rectified fpirit of wine has
been more ufed in Thermometers than any other
liguor. It is very ticklifh, is eafily and very much
affcéted by heat and cold ; nor does it foon gather
alr bubbles, as watery fluids are ready to do even
in no very great heats. But, as we faid before *,
thofe {pirit Thermometers did not ufe to be redu-
ced to a fixed ftandard. Atlength Mr. De Reaumur
has in a very ingenious way attempted to eftablifh
a general conftrution of fuch Thermometers,
which might be copied at all times, and in all coun-
tries : and fo to fettle, as it were, a general cor-
refpondence of obfervations that fhould be made
by fuch inftruments. He adjufted his Thermome-
ter to the freezing point by an artificial mixture ;
and then, immerging it in boiling Water, found how
much it was dilated by that heat, in the way Sir
Ifaac Newton had managed his o1l Thermometers.
The quantity of fpirits in his glafs he fuppofed te
be 1000 parts ; and he found to the bulk of how

* §3. 4. 28,
'1' I\'{Em- Acad. S-Ca 17301 Pi- 6.;'.1.-5, &Er
mﬂ.ﬂ}'
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many of thefe parts the liquor was dilated by that
boiling heat. The ftronger the {pirits, this dilata-
tion is found always the greater. The belt {pirit
of wine commonly fold from this ertificial freezing
of Water to that leiling heat was dilated 873 of
thofe parts * : and a mixture of fuch a ftrong {pi-
rit and water in equal portions (which would be a-
bout the ftate of common Brandy) was expanded
only 6.4 fuch parts +. He fpeaks too of a {pirit
{fo ftrong as to have the dilatation of 9o in its boi/-
ing heat £. But what he judged moft convenient
for his ordinary Thermometers was a {pirit of fuch
a degree of ftrength as in the above period of heat
to be dilated juft 8o of thele 1000 parts **,

20. This imitation of Sir Jfaac Newton with {pi-
rit of wine inftead of oil is a promifing enough
method of making a fettled ftandard fcale for
Thermometers ; and accordingly one of them con-
ftruted by Mr. De Reaumur himfelf is now placed
in the royal obfervatory at Paris 3 and a journal
kept of the weather by it. And others conftructed
in the fame way have been fent to different quar-
ters of the world to compare the degrees of heag
of different climates: a project long ago of the
great Colbert’s |, but never till now fatisfadtorily

* Ibid, p. 69o0. + Ibid. p. 692,
¥ Ibid. 1734. p. 261.

** Ibid, 1730. p. 697. 698. and fig. 8.
} See Mem. Acad. Sc. 1702. p. 209.

executed,



or THERMOMETERS. 23

executed, Obfervations have been made with them
in the Torrtd Zone. And the Freach Academici-
ans had them in their philofophical embafly to the
north for determining the figure of the earth.
And yet I am afraid thefe Thermometers are con-
firucted on principles, that will by no means be
found fo accurate as were to be withed and expeét.
ed in fuch a cafe. Mr. De Recumur } determines
his freezing point, not from thawing fnow or ice,
but from an artificial congelation of water in warm
weather. And as he * ufes very large bulbs for
his glaflcs, it may be 3 or 4 inches in diameter, I
am apt to think that, before the due temperature
of the furrounding ice can be thoroughly propa-
gated to the whole contained {pirits, it will be quit,
melted down again; and fo the freezing point
marked much higher than what it fhould be +.
He indeed 1t fpeaks of a quarter of an hour as fuf-
ficient to bring the contained {pirit to the tempera-
ture of the ambient medium. But as far as I can

judge from my obfervations (and many have I made

1 Ibid. 1530, p. 655. 656, 680. 681. 712,

* Ibid. p. 660. 710.

+ From collating fome oblervations together I rec-
‘kon Mr. De Reaurmur’s mark of freezing water, inftead

of coinciding with Fahrenbeit’s gr. 32, as it fthould do,
to correfpond with gr. 34 or a little above it,

11 Ibid. p. 711,
on
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on this fubjeét) it would rather take fome hours to
penetrate thoroughly fuch a great bulk ef any li-
quor, and reduce it fully to its own degree of heat.
And fo Thermometers of great bulbs can never be
ufed with fuccefs, or trufted to in common expe-
riments of the heat of bodies, or obfervations of
the weather: as we may be fatisfied by collating
the feveral obfervations in the royal obfervatory
made with De la Hire’s and De Reaumur’s Thermo-
meters, which at different times I find to quadrate
very ill together, juft I {fuppofe from that caufe of
the different fizes of their bulbs *, For large bulbs
«can never be {o quickly influenced by great and fud-
den variations of heat and cold, as to make thefe
changes, if they laft but a thort while, fufficiently
remarkable, orto fhew their real and full quanti-
~ties.  Small bulbs and {mall tubes are (notwith-
ftanding the imaginary faults'and difficulties ftarted
againft them by Mr. De Reaumur %) wvaftly more
convenient, and may be conftructed f{ufficiently
accurate. I have them made with capillary bores
- that correfpond almoft precifely to one another in
all degrees of heat; and confequently muit be al-
lowed to have all the exatnefs that can be imagin-
ed or defired in fuch inftruments,

* The diameter of the bulb of Mr., D¢ Reaumur's

I found to be about 33 inches ; while the other was

lefs than 2 inches, 1 Mem, Acad. Sc. 1730,
p- 650, 656. 659.

21. But
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21. But if we cannot truft to Mr. De Reanmur’s
‘point of congelation, what thall we fay to his other
fixed term, to wit, the heat of boiling water 2 'T'his,
I humbly think, is, under his management, {iill
more vague and uncertain, As water, were it {ur-
rounded by melted tin, though it would boil and foam
and fuffer very great agitation, is yet incapable of be-
ing warmed beyond its ordinary great boiling heat,
and continues always much colder than melted tin;
juft fo, as I experienced upon trial, fpirit of wine,
though immerged in boiling water, can never ac-
quire near fuch a great heat, but keeps always a
good deal under it, though bubbling and foaming
and tofled to a very great degree. The fpirit then
in the Thermometer is abfolutely incapable of fuch,
a great heat as Mr. De Reaumur afcribed to it
~and that not by a {mall or trifling difference. g
find highly reCtified {pirit of wine cannot be heated
beyond gr. 175 or {o in Fahrenbeit’s Thermometer,
while boiling water raifeth the quickfilver 37 de-
grees higher: and common brandy was able to
~«conceive a heat no greater than about gr. 1go. So
far was Mr. D¢ Reaumur in the wrong when he
thought that all {pirits, weak and ftrong, immer-
ged in foiling water received a given degree of heat,
and that equal to the heat of the furrounding wa-
ter. I fuppofe his ftandard {pirit could take on a

heat of about gr. 180 ; lefs by 32 degrees than
what he reckoned.

C 22, DBefide
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22. Befide all this I truly think fpirit of wine,
though good enough for ordinary weather-glafies
in temperate climates, is yet not fo fit a fluid
whereof to make ftandard Thermometers. It is -
incapable of bearingwvery greac heats, or very great
colds. 1t boils fooner than any ether liquor. And
though it keeps.fluid in pretty firong colds, et it
would {eem from fome experiments that it does
not condenfe very regularly .in .them. ~And a,
Torneao near the polar circle the winter cold was
{o violent, that the fpirits were frozen in all their
Thermometers *. ~ So that the latitude of heat
Apirit of wine is capable of exprefling is by much
too limited to be of very great or univerfal ufe.

23. What fluid then fhall we take for our Ther-
mometers ! We have found inconveniences in Air,
Qil and Spirits ; and Water is more exceptionable
than any of them. 'We have, it feems, nothing
left but Quickfilver. This is a very moveable and
ticklifh fluid ; i1t both heats and cools fafter than
any liquor we know, or have had occafion to try,
fafter I am fure than water, oil or even {pirit of
wine ; it never freezes by any degree of cold hi-
therio obferved; and bears a great deal of heat
before it arrives at a boiling expanfion ; and, if
well purified, does not wet or flick to the infide of

* Sce de Maupert, Fig.2de la Terre, p. 8.
the
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the tube. Dr. Halley *, though apprifed but of
fome of thefe remarkable properties, thoughtita
fluid very fit for Thermometers, were but its ex-
panfion more confiderable. However as any in-
convenience arifing from this confideration may be
avoided by making the bulb have a great proporti-
on to the tube, fo it is now very defervedly come
to be in the greatelt ufe in the Thermometers that
people would moft truft to.  Itisfaid + that they
were firft contrived by that curious M athematician
O.aus Roemer. Mr. Fubrenheit in Amflerdam, and
other workmen in that country manufactured very
many of them, and that ip a portable and mighty
convenient form for many purpoles, making them
very fmall, and inclofing the tube in another olafs
hermetically fealed. From Helland they were dif-
tributed into diffirent quarters of the world, and
have been imitated in fome other places. And now
they are made no where in greater perfeftion or
with greater exactnels than by our cuumrymm',
Wilfor at London. |

24. As Riuemer’s or Fabrenbeit’s {cale is convent.
ent enough, 1 with it were univerfally kept and
ufed, to preferve an uniformity in our oblervations ;
and fo that every body, when they {peak of expe-
riments wherein the heat of bodies was adjufted,

* Phil, Tranf, Abr,-1I. p, 34.

+ See Boerh. Chem. I. p. 720.
' i or
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or pretended to be obferved by Thermometers,
were to have the fame language ; and fo be uni-
verfally underftood.

In this Thermometer the bulb is fuppofed to
contain, as Dr. Boerbaave* and Dr. Muffchenbrock +
tell us 11124 parts of quickfilver, which ftands at
the loweft mark or gr. . in a very intenfe intole-
rable cold, being furrounded with a mixture of
inow or beaten ice and /fa/ ammoniac or fea falt 1.

1f the fame bulb be immerged in fmow or ice
thawing naturally, or in water beginning to freeze,
the quickfilver is dilated, and fo rifes in the tube
32 of thefe 11124 parts ; and therefore the fpace
of the tube from gr. o. to the freezing point gr.
32 is divided. into thefe 32 equal parts ||,

When the Thermometer is placed in water
brought to ftrong siling (the atmofphere being in
the condition formerly mentioned ++) the quickfil-
ver is dilated 212 of thefe parts beyond its original
bulk of 311124, fo as now to poflefs in the bulb
and tube together a fpace equal to 11336 fuch
parts : and the fpace from gr. 32 to gr. 212 is di-
vided into 180 equal parts or degrees of the Ther-
mometer § ; which, if the tube be long enough,

* Chem I. p. 174. 1+ Efl. de Phyl. § 948.
I Fabrenh. in Phil, Tranf., Abr, VI. 2. p s52.
Mufichenbr. Difl, Phyf. p. 68o. Efl. de Phyf § 948.
| Fahrech. in Phil. Tranf, Abr, VI. 2. p, s2.
++ § 0.
9 Fahrenh. in Phil, Tranf, Abr, VI. 2, p. 18. j52.
may
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may be protradted as far as is convenient. It may
go well enough to gr. 600, and not much farther ;
for with a heat but little greater than thatthe Mer-
cury begins to boil.

25. Dr. Boerhaave 1s not always quite confiftent
with himfelf in his accounts of the number of parts
into which the mercury in the bulb is fuppofed to
be divided, In another place *, inftead of 11124

e reckons only 10782 ; and afterwards + he raifes
it to 11520 (which I take to be nearer the truth)
and yet {till {peaks of a given heat as expanding
the guickfilver the fame number of parts as in the
other fupputation. Which of his fuppofitions is
right I am not abfolutely fure of before making
trial, nor need we much to care. For without all
that apparatus I humbly think the eafieft and fureft
way too, and what in praltice I have followed, is
not to be {olicitous about thebulk of the quickfil-
ver ; but to fill the bulb and tube fo, as that in
freezing water or melting ice the mercury fhall
ftand at a convenient height, which muft be
very nicely marked gr. 32 ; and then as accurately
to obferve where it ftands when dilated by the heat
of boiling water to gr. 212. The intermediate fpace
is then divided into 180 degrees : which fcale may
be protralted vpwards and downwards as far as we
fhall judge conveniecnt. In the conftrution of

* Chem. I. p. 165. 1 Ibid. Expl, Tab, V. fig. 3.
' C 3 thefe
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thefe Thermomerers the two great limiting or fixed
points being friezing water and boiling water ;
which we found to be the moft convenient periods
of heat for adjufting thefe inftruments.

26. Indzed in all this we have fuppofed the bore
of the tube to be perfeétly cylindrical ; which can.
not always be obtained. But though it be tapering
or fomewhat unequal, it is eafly to manage that
matter by making a fmall portion of the quickfil-
ver, as much for example as fills up a half or, if
you pleale, a whole inch. flide backward and for-
ward in the tube; and by this means to find the
propoitions ot all its inequalities, and from thence
to adjuft your divifions to a fcale of the moft per-
fct equality.

27. The conceiving the bulk of the contained
mercury at the beginming of the fcale to be either
10782, Or 11124, Or 11§20, or, as I guefs it thould
be, near 11790 parts, and its expanfion from
thence by the heat of boiling water to be 212 of
thele parts, was to be fure a divifion originally
quite arbitrary, - And I confefs there might have
been a more convenient one fixed upon at firft, and
adopted yet, if this were not now fo univerfally
known and ufed ; and Thermometers conftruéted
in that form every where fcattered up and down,
and in'the hands of moft of the Virtuofi in £u-
repe. I fhall readily allow that Mr. de / Ifle’s at

Peter fburg
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Peterfburg might have had a greater look of fim-
plicity.. * In his the whole bulk of quickiilver,
when immerged in boiling water, is conceived to
be divided ito 10000, Or rather 100000 parts :
and from this one fixed point the various degrees
of heat cither above or below it are marked in thefe
parts on the tube or fcale, by the various expanfion
or contraction of the quickfilver in all the imagin-
able variety of heat. ‘¢ As pure mercury,” {ays he,
¢ is of the fame nature every where, nor is liable
¢ to any alteration from being inclofed in a tube;
¢ and as it is probable that, taking it equally puri-
“ fied, it will in different countries be fubjeét to
¢ the fame expanfion, if expofed to the fame de-
¢ gree of heat; for this reafon he is perfuaded
¢ thefe Thermometers may very well ferve to
¢ compare the temperature of different coun-
¢ tries.”” And indeed fuch a conftrudtion bids
 fair for being a very good ftandard method for
graduating Thermoemeters all in the fame way ; and
| is much lefs liable to uncertainties than that fimilar
one of Mr. D¢ Reaumur, whereof we have already
given an account t. However if Mr., D¢ [/ Ifle
had plsafed I cannot but think it would have been
rather fomething better to have made the integer of
100000 parts, or fixed point at freezing water
and from thence to compute the dilatations or con-

* Phil, Tranf, N, 441. p. 2.22.

4. 10. 20 21,
denfations
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denfations of the quickfilver in thofe parts. All
the common obfervations of the Weather, &¢,
would have been exprefied by numbers increafing
as the heat increafed ; which furely is the more na-
tural way. Nor would there have been great in-
congruity or inconvenience in exprefding, after the
manner of Mr. De Reaumur, the few obfervations
we have below fimple freezing by numbers of con-
traction below gr, 0, or 100000,

28. But, as I faid before t+, however promifing
in theory fuch a fcheme may appear, it will not in
practice be found very eafy to determine exaltly all
the divifions from the alteration of the bulk of the
contained fluid. And befide, as glafs iuelf is di-
lated by heat, though in a lefs proportion than
quickfilver, fo thatitis only the excefs of the di-
latation of the contained fluid above that of the
glafs that is obfervable; if different kinds of glafs
be differently affected by a given degree of heat,
this will make a feeming difference in the dilatations
of the quickfilver in the Thermometers conltructed
in the Newtonian method, either by Mr. De Reou-
mur’s, oo Mr. De I Ifls rules. Now Dr, Boer-
baave * from Fahrenbeit’s obfervations fpeaks of
different kinds of glals as very differently affiéted
by heat. And upon enquiry I was informed that
Dr. Muffchenbrock found by his Pyrometer, that

B * Chem, L. p. 741,
tubes.
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tubes of different forts of glafs were varioufly af-
fected, fome more, fome lefs, by the fame degree
of heat, From whence Thermometers conftruéied
of fuch different forts of glafs would neceflarily
make the {eceming dilatation of the contained fluid
appear at diffcrent degrees in the very {ame point
of heat. And accordingly Mr, Campbell, an inge-
nious and worthy member of the Royal Societys
has, by experiments made with all imaginable ex-

altnels and {crupulofity, found in Thermometers

conftructed in Mr. D¢ I'Ifle’s ways the quickfilver
to ftand at different degrees of the fcale when im-
merged in thawing fnow. In fome it was at gr.

| 154, in others at 156, and in another at 158 : and

emptying the tubes, and preparing them again, and
that fomctimes with other mercury, he always,
even in a great many trials, found the refult come
out the very fame. So careful and exact had he
been that the fame tubes give always the fame de-
grees of dilatation as nearly as could be expected
in fuch nice and f{ubtile experiments. One of Mz
De I’ Ifle’s own Thermometers, which 1 tried very
carefully, gave me always the quickfilver at about
gr. 150. In another of his, where on the one fide
he has put Fabrenbeir’s {cale, I {ee gr. 32 over a-
gaintt his own gr. 148 3. In one conftructed by
Mr, De Monier at Paris on De [ Ifle’s principles 1
faw the terme de congelation put down at gr. 148
Nayv by Mr. De [ ffle's own accounts I find his
Weather-glafles difagreeing confiderably from cue

anotherr
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another. So uncertain and precarious would this
way of conftrudting Thermometers feem to be:
From all which I humbly think, that it is bette?
and more convenient to drop this method alto-
gether, and to fix on two points of heat at a con«
fiderable diftance - the one from the other; and to
divide the intermediate fpace of the tube into a
convenient number of equal parts or degrees : as
we juft now propofed * to be done in our imita-
tions of Roemer’s or Fahrenheit’s Thermometers.

29. To enlarge our views of heat, and to enable
us to compare other Thermometers with thefe
(which after this I with were always to be the ftan.
dard) it would not be amifs to obferve a great ma-
ny remarkable periods of heat and cold that have
been taken notice of by others, and to determine
where they fall on Fabrenkeit’s {cale, We fhould
determine about what degrees on it the feveral forts
of weather are marked ; the various degrees of a-
nimal heat ; what degrees of heat reduce {uch and-
fuch confiftent bodies into a fluid ftate ; the quan-
titics of heat required to boil the fluids we have oc-
cafion to try, &c¢. But the comparing the differ-
ent 'hermometers which have been in ufe in the
world ; and the determination of the various de-
grees of heat in bodies make fruitful enough {ub-
je€ts for other curious and ufeful enquiries.

* 8 24. 3% 26,
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the world were all imitations of thofe of the Aca-
demia de I’ Cimento, but not conftrufted in fuch a
regular way or upon fuch determined principles.
In France Mr. Hubin was employed in making them
for the Academie des Sciences at Paris, But we find
‘they were not made all perfeltly alike. The /ndian
Miflionaries * tell us that they ufed thofe that were
graduated loweft. However we may reckon at a
mediam that which Mr. Amontons gives us a view
of in the memoirs +, under the name of the 4n-
cienne Thermemetre. In it the freezing point was
at gr, 25, correfponding confequently to Fabren-
beit’s gr. 32; and' the heat of the cave of the ob-
fervatory was gr. §o. which I know to be our g7+

53. 5o that the comparifon is eafy in the table at
- Ne L IV.

4. But I know not many obfervations made with-
this Weather-glafs, It is much more to our pur-
-pofe to know the conftruction of that very remark-
able one of Mr. de /a Hire, that has ftood in the
Royal Obfervatory at Paris above thefe threefcore
years, and by which a regifter of the Weather has
been conftantly kept. And yet we cannot but re- -
gret, that neither Mr. de la Hire himfelf, nor any -
of thole that fucceeded him in that office, have
been at the pains exadtly to determine any two-

* Mem. Acad. Sc. 1646. ——-—-1698. VII, p. 835'
t Mem, Acad. Sc. 1703. p. 53.
D 3 points:
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of boiling water at dig. 73s wherve Fabrenbeit’s is
at gr. 212,  Whence they can eafily be compared
_together, as in the table No I, VI,

6. * The Marquis Poleni gives us the refult of a
va{t number of excellent and well made meteoro,
logical obfervations; in which the heat and cold
are meafured with a Thermometer confiruéted in
Mr. Amontons’s way, DBut as his numbers are con-
fiderably different, I thought it well worth while

to give a icheme t00 of his Thermometer in the
table at INo VII.

7. Mr. de Reaumur was very fenfible of the dif-
ficultics of Mr. Amontons’s conftrution, and pro-
poled a new and more certain way, as he thoughr,
of making Thermometers. He determined to be-
gin his {cale at freezing water, afd at boiling water
marking g7. 8e; dividing the intermediate {pace of
the tube into fo many equal parts. I have on an-
other occafion | given my Reafons for thinking he
was in fome miftake with refpeét to both thefe two
periods of heat. But .as many very curious and
ufeful obfervations have been made with his Wea-
ther-glafles, it will be of fingular ufe to find out the
correlpondence of his fcale with that of Fubren-
heit.  His boiling water heat is really only the boil-
ing heat of weakened fpirit of wine, coinciding

* Phil, Tranf. 421. p. 205.
+ EfLL L §. 20, 21. ;
- necarly
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they conceive, the degrees of heat and cold of the
ambient medium. It is Thermometers graduated
in this way which they commonly have in their
Roves and green houfes for adjufting the refpective
degrees of heat the various tender exotic plants re-
quire for maintaining their life and vigour. I do
not believe that thefe Thermometers are made up-
on any regular or fixed principles. They com-
monly indeed mark freezing at gr. 30 under gr. o.
But in Mr. Fowler’s regulator, who furnifthes moft
of the green-houfes with them, he, on my defiring
him to try it, found thatin melting fnow the fpirit
fell to about gr. 34. under o, and 1 found by fome
comparifons I made that his gr. 16 coincided 4. p.
with our gr. 64. So that the whole correfpondence

of this with Fabrenheit’s Thermometer is eafily de-
termined, as in No I. XIII,

13. Dr. Hales * thought fit to employ a netr
conftruction of a Thermometer in making his cu-
rious experiments. He began his fcale or loweft
degree at freezing, or our gr. 32, and carried it
up to gr. 100, which he marked where the fpirit
ftood when the ball was heated in hot water on
which wax fwimming firft begins to coagulate. In
fuch water I found Fabrenbeit’s Thermometer point
at gr. 142 : By which the two Thermometers might
cafily be compared. But by experience his g7, 1co

¥ Veg. Stat, p. 37.
¥ falls
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{ftate of the ambient medium, being different, ac-
cording to their relative bulks, denfities, figures,
particular natures, &7,

2. A body very hot placed in a colder medium
cools gradually, at firlt fafter and afterwards flow-
€r, as any one would expet; and is fully confirm-
¢d by Dr. Muflihenbrock’s experiments *, But he
did not attempt to thew after what rule; or if it
was after any regular manner that fuch a cooling
was effeted. He only affirms 4 in general from
them that given quantities of heat are loft at firft
in fhorter times, and gradually longer and longer,
till the cooling be very flow, and at laft the heat of
the¢ body coincide with that of the ambient air,

3. Sir Jaace New?tenws 1 view of this matter i
vafily pretty, though not thoroughly underftood
by Mr. Amentons . Having heated a lump of Iron
red hot, and with all the neceflary precautions ob-
ferved the degrecs and times of the diminution of
s heat when expofed to the cold air ; he fuppofed,
and that not without a great fhew of reafon, that
while it was cooling the quantities of heat loft in
given fmall times would always be proportional to
the heats fubfifting in it; reckoning the heat juft

* Tent. Exp. Ac. Cim, Add. IL. p. 47—~57.
¥ Ibid. p. 52.

I Phil. Tranf, Abr, IV, 2. p. 3.

} Mem. Ac. Sc. 1703, p- 238. |
Lo
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to be the excefs whereby it is warmer than the am-
bient air. So that from the beginning of its great-
eft heat to the end or time when it came to the
temperature of the ambient air, taking the times
in an arithmetical progreflion, the heats of the iron
above the heats of the air, and the decrements of
thefe heats will be continually proportional. For if
there be a feries of quantities proportional to their
differences, thefe quantities and differences will be
in a geometrical progrefion *. Whence the di-
minution of heat in fuch a body is like the retard-
ation of a projected body endowed with a certainy
originally imprefled force, and moving in a medi+
um with a refiftance always proportional to its ve-
locity. And the progrefs of that decreafe of heat
maj: be determined by what is commonly demon~
firated of bodies refifted in that manner .

4. This I fay is a moft ingenious way of finding’
out and determining thofe very great and burning
keats which no ordinary Thermometer can bear,
But then it is not to be admitted: without fome re=
firidtion. The hypothefis is more mathematical
than phyfical, It gives a fine and beautiful, but
not a true view of nature. The heat of a body
does not really decreafe exadtly in that proportion..

* Newton. Princip. TI. Lem. 1, p. 230:

+ See Newton, Ibid, Prop.-2. Varign. in Mem, Ac~
Sc. 1707. p- 504> &e. -
E 3 For
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For were that truly the cafe; the body, though
continually cooling, would take an iufinite time to
arrive at the temperature of the furrounding me-
dium *,  Which however in fat we find to be ac-
¢omplifhed in a very moderate fpace of time, And
that fooner or later according to the original heat,
fize, denfity, or other circumftances of the heated
body, and cooling medium.

g. If you immerge a heated body in a cold air
or other cold modium, that body will acquire a fort
of atmofphere involving it all around, fomething
warmer than the reft of the air, though a great
deal colder than the body itfelf: fo as that the am-
bient cold cannot affet the body, fo much as if it
were quite naked and divefted of its atmofphere,
But as this atmofphere is warmeft in or near the.
beginning, and gradually cooling along with the
body, the ambient coldnefs will have a greater pro-
portional influence towards the end than in the be-
ginning. Whence though the body in whole takes
a longer time to cool, the differential decrements

will be in a proportion fomewhat greater than its
inherent quantities of heat,

6. But what way fhall we determine the law of
this decreafe, and how far it may deviate from the
general and more fimple law of thofe decrements

* See Varign. Ibid, p. 507. 509, !
| being
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seing proportional to fuch ‘inherent quantitics of
heat ? I will not infitt on any fpeculation as fuffi-
cient to lead us to this. DBut we'may truft to ex-
perience as our beft guide. Obfervations carcfully
made and judicioufly applied will undoubtedly
Ering us into the right path, or at leaft very near
it. Now as the refult of many obfervations I find
that the decrements of heat may be looked on as
partly equable, and partly in proportion to the
fubfifting heats; reckoning, as in the former hy-
pothefis, thefe heats to be the excefits whereby the
heat of the body is warmer than the ambient air,
And confequently from the beginning to the end,
caking the times in an arithmetical progreffion,
thofe decrements may be refolved into two feriefes.
In the one, and that for ordinary of much the
greateft confequence, they are always in proportion
to the heats themfelves, and fo in a geometrical
progreflion, as in the general theory : while'in the
other feries, indeed the leaft material, the decre.
ments are as the times, or always uniform, that is
equal quantities of heat loft in equal times. And
{fo the law of this decreafe of heat coincides with
the law of the retardation of a heavy body afcend-
ing perpendicularly in a medium which refifts it in
proportion to its velocity *,

* See Newton. Ibid. Pr. 3. Varign. Mem. Ac. Sc,
1708, p. 175, &c.
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In a fmall bar of Iron.

Acad. Cim. Add. I1. p 48.

57

Muﬁ.':hﬂﬂbr . Tentv

Degrees | Degrees| Degrees} Degrees

of Heat|of Heat|of Heat}of Heat] The

lo}, by|lolt, by|lof, by|loft, ac-}Differ~
Times, {Obfer- |the firlt jthe 2djcording |emces.
_ vation. |confide- fconfide-jto cal
E . ration, |ration. {culation] -
1 62’5 §9°4 1’2 60’6 {—1"9
2 106 99 2’4 101°4 |—46
3 1286 [ra25’y 3’6 1293 |40’y
4 148'8 [143°6 | 4'8 [484 |—o0'4
[1 161’8 [rs5s’6 6 161’6 |—o'2
6 170’4 | 1636 7’2 170’8 | 40’3
7 176's | 169 84 1774 | 4079
2% 180 171 9 180 o

In a {mall bar of Steel. Jbid. p-'49.

?

1 614 §8'r | O’ 56’6 | —4'8
2 01 e R 96’2 | +22
3 120 123’¢ | I’g 1230 4 H30
4 41’5 1474 (2 1434 | +19
5 158’4 |154°6 | 2°§ TG Ly
6 167°7.:1 1638 |.3 166’8 | —0'9
7 bragc 1ot 4 35 a1 13 of A
8 179 174’7 | 4 198" T U
9 1826 | 177'8 | 4’5 182’3 °|T0°3
16 q.P. 185 | 180 5 1 e SRb -
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In a little Mercurial Thermometer, heated to gr.
108, and expofed to the open air, I found the
heat decreafe in this order.

The |
Times.

He e de e

W

Mb#mm&qﬂ-ﬁ

| Degrees| Degrees
of Heat]of Heat
loft, by{loft, by
Obfer- jthe firft
‘vation. |confide-
\ ration,
e | 13’6
28 - 24’1
34 32
40 381
- 45’5 | 4278
49’5 | 464
52’5 | 4971
55 f 5’2
56’5 | 5278
58 54

Deorees
fo‘f eat
[ foft, by
the 2d
'confide-
ration,
0’4
0’8
! 1’2
)
]
2’4
2’8
32

r

3 9

’DE ees
of %]r-*eat
loft, ac-
cording
tocal-
culdtion
14
14_'!9 g
332
39°7
44’8
438
51°9
54’4
56’4

53

The.
Iviffer-
ences,

8. The decimals of degrees are ealculated and
fet down as they arofe in the Aridhmetical reduce
tion of the numbers: Not that I would be thought
to pretend to an imaginary exa@nefs cither in my
experiments,or thofecopied from Dr., Mu/fchenbroek.
Meafures and obfervations of this kind admit but of
an approximation to geometrical truth. All our ma-
chines are imperfect. The conftruction of Dr. Muf-
chenbroek’s Pyrometer made with toothed wheels,

pinions,
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pinions, ¢&c. could not, as he himielf confefies *,
move with fuch a regularity as were to be withed ;
and perhaps too the heated or cooled bodies are
not quite homogeneous +, and {fo {fometimes make
the refrigerations go on in ftarts : and accordingly
in the regifter of his obfervations we meet with
frarts, ftops, and irregularities, that in fuch com-
pound engines and imperfet bodies are unavoida-
ble. And fo we are to take the Medium and main
drift of the obfervations, in the main agreeing ve-
ry well with the theory, though they may differ
fome degrees on one fide or t'other.

9. From this law of the Decreale of Heat in bo-
- dies expofed to the influence of an equable ftream
- of cooling air we fhall be able with a tolerable de-
gree of exatnefs to find out the intenfity of thofe
- great burning fiery heats which cannot be meafur-
ed by any Thermometers yet known. The Heat
of metals red hot, or even in fufion, of burning
ftones, melted glafs, &¢, may by this means be de-
termined. For when they are brought to the pro-
pofed heat by a {trong fire we are carefully to ob-
ferve the times of their cooling ; and by applying
a Mercurial Thermonieter to them as foon as it can
well bear their heat, we may accurately enough de-
termine the decrements of Heat below that period ;
and from thence, rifing upwards in a regular feries,

* Tent. Exp. Acad. Cim, Add. IL, p. 29.
t See Ibid. p. 30. 31. 32.
¥ be
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ing concave towards AT and convex towards AT
will be the Curve of the Decreafe of Heat. AT
may be lookt on as its Axis, AB, AC, AD, &e.
as the Abfciffles, and Bg, Ck, DJ, equal to AJ,
Ae, Ad, asits Ordinates. And 1 find this curve
to be a fort of Hyperbola. So that from any gi-
ven ferics of obfervations of the decreafe of Heat
of any body we fhall be able to protraét upon pa-
per, or to calculate any other way, as much of
this Hyperbolick line, as to enable us to find its
Center, Diameters, Afymptots, &e and to draw
it out to what length we pleafe : and from thence
to mveftigate the Heat of the body at any deter-
mined diftance of time before we had acce's to
know the Heat by a Thermometer. By which me-
thod then, only from obferving the decrements of
Heatin a lump of Iron, or any other intenfely
hot body, after it is able to bear the application of
a Thermometer, having taken particular notice
how foon it comes to that temperature ; we may
determine its degree of Heat the moment it was
taken burning hot from the furmace. We may
. either calculate backward the feries of numbers
found out by obfervation, or protra&t on paper
mechanically the Hyperbolic line or fcale of the
Decreafe of its Heat in the manner jult now pro-
pofed. For either of thefe ways will give us the
initial greateft Heat it had when taken from the
fire with tolerable exadnefs. The former will be
fufficient, if the hot body be very fmall; or a fiream

of
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of cool 2ir be conftantly blowing along it ; but the
other will be more convenient if the furrounding
air be in a ftate of ftagnation or nearly fo.

12. We fee then from‘the firft moment of the
cooling of bodics the quantities of heat loft in gi-
ven times are always growing lefs and lefs ; till the
heat and confequently thefe decrements of heat
quite evanifh, and the body put on the temperature
of the ambient medium; and all this in a pretty
regular manner. The heating of bodies does not
go on in fuch an orderly way; concerning which
we have fome very nice experiments furnifhed us
by the ingenious and accurate Profeffor Muffchen-
brock * : from. which he jufily infers that the ex-

~ pantion or heating of bodies is not equable, but
~ very flow at firft; as if the fire had fome difficulty.
" in its firft penetration of the body: which gradual-
1y grows caficr, the expanfions or increments of
| heat in given times foon coming to be very confi-
. derable. Thefe in a very little time come to their
greateft height. And then fuch increments gradu-
ally diminifh till they quite evanifh, the heated bo-
dy acquiring the temperature of the ambient-
" medium +. Al which I have likewife found to be:
true by the experiments I have made on this fub--

% Tent. Exp. Acad, Cim. Add. 11. p. 24—28«
34 —43-

+ Ibid, p. 29 —32. 29.
4 e jects.
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je€t.  Some of which I thall foon have occafion to
infert,

13. That bodies cool or heat fooner or more
leifurely according to their different bulks, denfi-
ties, figures, &e¢. is commonly taken notice of.
‘I'here will be no great labour required to convince
¢very man that will but think of it, that a given
quantity of the fame fort of matter will be eafier
or more difficulily cooled or hecated, as it is ex=
panded under a greater or f{maller furface; and
confequently muft vary according to the different
figures wherein it is fhaped. Thus bodies of a
round form as having the greateft quantity of mat-
ter within the leaft furface are, cateris paribus, the
{loweft in heating or cooling, and fo on of the o-

ther figures of bodies, aceording to their compadt-
nefs or expanfion.

14. As to their diffcrence of fize, no body
makes any doubt of great bodies altering their
temperature more flowly than {maller ones: * Quo
*‘ minor eft corporis moles, fays Lord Verulam *,
‘‘ eo citius per corpus calidum approximatum in-
* calelcit:” But in what proportion to their bulk
is not altogether fo eafy to determine. Let us
howcever hear what Sir Jfaac Newton + fays on the
fubjet. “ Globus major calorem diutius confer-

* Nov. Org. 11 13. § 40.
1 Prioc. Math. p. 509,
“ varet.
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varet in ratione diametri, propterea quod fuper-
ficies (ad cujus menfuram per contaltum aeris
ambientis refrigeratur) in illa ratione minor eft
pro quantitate materize fux calide inclufe, ——
Sufpicor tamen quod duratio caloris, ob caufas
latentes augeatur in minore ratione quam ea dia-
metri : & optarim rationem veram per experi-
menta inveftigari.”

€
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15. To fatisfy this great man’s wifhes I began to
make fome experiments of this fort, which I pro-
pofed to have carried on farther if I had had lei-
fure enough. However, from the wials I made, I
think we have good reafon to conclude his {pecu.
lation of the faculties to preferve heat heing pro-
portional to the diameters of fimilar bodies to be
- wery juft. And that his fufpicion of that faculty

in the greater bodies not being fully in fuch a high
- proportion as the diameters is without fufficient
~ ground.

- 16. 1 took two China bowls pretty nearly of the
| fame fhape but of very different fizes, the large
‘one being about twice as broad, and fo of the other
longitudinal dimenfions, as the other, and confe-
quently holding eight times more liquor. Into the
big one A, I put two quarts, and into the other B,
two gills of water, which in both was brought to
the temperature of gr. 112. by very nice Thermo-
meters placed in each; and immediately removed

into
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The Thermometer in the little bowl was fome-
what above gr. 112 in the beginning; which was
the caufe of the times of the falling to fuch and
fuch degrees of heat to be always about a minute
longer than the theory required. "There was jome-
thing though l=fs of this too in the forgoing expe-
riment. And making a due allowance for thefe
fmall and truly inconfiderable variations the theory
coincides furprifingly with obfervation : nearer in-
" deed than we could well expet in fuch experiments,
. whercin the inftruments mult be allowed not to
come up to a mathematical exaltnefs. A very
{inall and infeniible error in the conftruction of the
' Thermometers, or a very inconfiderable miftake,
‘as of about a quarter or half a degree in making
the obftrvation, would feemingly occafion a very
fenfible difference between the time actually obfer-
ved and that which the theory required.

To try it in bodies differing ftill more in bulk
from one another, the heat of the air being gr. 48,
there were two veficls filled, the one with one gill
and the other with 27 gills of water; their refpec-
tive diameters thus being 1 and 3; and the refri-
gerations came out in this erder.

Degrees
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or cooling influence of the ambient medium. * Suf-
¢ picamur (naturam Denfi & Rari) pofle habere
¢ confenfum cum tarda & celeri exceptione & de-
¢ nofitione Calidi & Frigidi.  Fiat igitur experi=
“ mentum, fi rarius corpus non admittat, & amiz-
« tat calorem aut frigus celerius, denfius vero tar-
“ dius.”  * Quo denfiora corpora,” fays Dr.
Bosrbaave +, ¢ five fluida fuerint five confiftentia,
¢ eo pluri tempore egent, ut ab eodem igne zqua-
¢¢ liter incalefcant.” And in like manner as to
the cooling of bodies he tells us §, ¢ corpora——
¢ acceptum caloris gradum tanto diutius confervare
¢ quo funt denfiora, ponderofiora, aut plus fub-

¢ ftantiz corpore® habentia,” Ina word, “ quo

¢ denfa magis corpora eo diutius imprefli calidi
% tenacia J.—Tanto pluri tempore egent ut poffint
- ¢ pedire ad temperiem cum rarioribus citius refri

-

[ 2% gerandis *%."

This rule of bodies requiring times of heating
and cooling in the order and proportion of their
denfities is, I fay, a very planfible {peculation, and
to which every body at firft hearing is ready to af-
fent. And moroever this propofition, fo obvious
in theory, is faid to be confirmed too by experi-

* Bacon Hift, Denf. &c. p, 17.
+ Chem. 1, p. 279. vid. & p. 264.
+ 1bid. p. 264
] Ibid. p. 162.
% Ibid. p. 267,
ments,
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ments, as we find them propofed by Dr. Boerhaave*,
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Multa fuper hac re cogitanti” (fays he) ¢ obfer-
vatum certe id fuit, eo citius calefcere ab eodem
igne corpus quo rarius fuerit ; €o lentius autem
refrigerari calefatum femel, quo denfius fuerir,
eo citius refrigefcere quo rarius erat.—Si vas aére
plenum, aliud aqua, utrumque dein eidem *ca-
lori exponitur, erit forte aér fic calidus millies
rarior aqua quoque ita calida, fed aqua concep-
tum tanto tardius calorem tanto diutius retinebit,
ut aér forte millies citius refrigefcat.— + Sit vas
cavum, parallelepipedum, fupra apertum, ex
aére, aqua repletum ; cui imponantur vafa cy-
lindrica vitrea, =qualia ; repleta ad eandem al-
titudinem diverfis pondere liquidis ; dein fuppo-
natur ignis, ut aqua intra hoc vas aflidue mota
zquabilifiime incalefcat, cernemus nudo oculo
liquidum livius, adeoque rarius, citiflime expan-
di, denfius vero multo lentius; quin & thermof-
copia impofita idem docebunt. Calefcit ocyffim,
aér, dein Alcohol, Oleum Petrolei liguidiffimum

_poftea, tum Oleum Terebinthine, mox Aqua

pura, dein aqua falfa, Lixivium fortifimum,
Metalla, Mercurius, Aurum.” And as to their

cooling he gives us a fimilar experiment, and with
a like fuccefs. T ¢ Si enim in aqua ebulliente di-

L1

b

ver{a pondere corpora zqualiter inde calelcunt,

% Ibid. p. 2¢cq.
%+ Tbid. p. 279.
1 Ibid. p. 269,
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id diutiflime calidum manebit quod ponderofiffi-
mum, id citiffime friget quod leve. Quoufque
autem haltenus per experimenta procedere datur
¢ regula fere generalis haec habetur; vacuum Tor-
¢ ricellianum calorem in €0 genitum una momento
€ amirttic.  Aer calefadtus in olla, citiffime calorem
¢ conceptum perdit.  Alcol lentiore gradu. A-
“ gqua diutius quam Alcol. Argentum Vivum
tardius vero eodem calore refrigeratur. Ita inter
folida quoque, lignum, faxum, metalla, iterum
xqualiter calefata, retinent quzfitum calorem
¥ exadte tanto ferius.”  'This icheme of bodies
having a faculty of preferving their temperature in
proportion to their refpetive denfities, is illuflrated
from fundry confiderations by Dr. Muffchenbrock *,
who reckons them up in this order . Air, Al-
- cohol, Petroleum, Oil of Turpentine, Rapefeed
 Oil, Didtilled Vinegar, Water, Salt Water, Aqua
- Fortis, Qil of Vitriol, Spirit of Nitre, Quickfl-
I VEIr. '

144
14

(11

L8
T

(1

18. I know no ftronger inftance than this of the
weaknefs, or, if I may venture to fay {o, of the
prefumptuoufnefs of the buman underftanding, in
pronouncing too haftily concerning the nature of
things from fome general preconceived theories.
That rule of bodies acquiring given degrees of heat
or cold ceteris paribus, in times jufl reciprocally

* Efl. de Phyf. § 969.
t Ibid. § 944,
: G proportional
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proportional to their denfities, though plaufible
enough in theory, I cannot find to be true in falt,
Air indeed is heated and cooled fooner than any o-
ther fluid I have had opportunity of trying, though
not in fuch a different proportion as its extreme
rarity. compared with the great denfity of other
fluids, would require. =~ And Water is {lower of
heating and cooling than ecither Oil or Alcohol .
but, contrary to all our fine theory, Quickfilver,
the moft denfe ordinary fluid in the world, except-
ing only melted Gold, is however the moft ticklifh
next to Airy it heats and cools fooner than Wa-
ter, Oil, or evep rectified Spirit of Wine itfelf.

Taking about 15 ounces of Mercury, and 45 of
this weight of Water, fo that their volumes were
pretty equal, I put them into two very thin glaffes
of the fame fize and make, with a Thermometer
in each : and after letting them ftand a good time
in the cold air, till both Thermometers pointed pre-
cifely gr. 46, 1 {et them down at the fame time
- almoft clofe to one another, before a great fire at
a confiderable diftance from 1t, but {fo that the heag
ihould equally at upon them. And in the fol-
lowing times the Thermometers (which in them-
{clves were very like one another, and equally tick-
lith) thewed the refpective fluids to be heated in the
following order.

Times
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of Light and Heat, be more apt both to attrach
and retain the heat applied to it. But how weak
and fallacious are all our fpeculatiens concerning
the nature of things not thoroughly well under-
ftood. Dr. Boerhaave, in diret oppofition to this
laft theory, makes Water both heat and cool more
{lowly than Oil; and that exactly in proportion to
their refpective denfities. + ‘¢ Bina vafa zqualia
¢ accepi, quorum unum aqua, oleo implevi oliva-
¢ pum alterum. Ambo repofui in vafe, in quo
¢t feci ebullire aquam, retinuiin ilia ebulliente aqua,
¢« donec certus effem utrofque liquores eodem bul-
¢ lientis aquz gradu =que calefaltos; exemi tum
¢ ¢x co vafe, repofui in eodem ambo ac€re, ut vi-
¢t derem tempus, quo uterque liquor reducebatur
¢« ad eundem refrigerationis gradum ; atque inve-
¢ ni, pro ratione ponderis comparati, prorfus -
¢ quale” Nor this did I find exactly true. Uil
. did indeed both heat and cool fafter than Water :
. and, contrary to all the theories, even much fafter
¢han its difference in fpecific weight fhould have
made it. Oil of olives is but about +% lighter than
Water : but it is heated and cooled fafter in a much
greater proportion. Thar excefs is not indeed al-
ways the fame, of near the fame. It does not {thew
{uch an uniformity of difference as Quickfilver did.
In the beginning there is no great difference ;. then
W ater takes about % or {o more time in acquiring

+ Chem, I, p. 263.
or
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commonly imagined. Inftead of 800 a body coo's
but about 8 times fafter in Water than in Air. And
the refiigerating virtue of Quickfilver was found.
inftead of 14 times greater than that of Water to
be a very {mall matter fo, as about 2 fcconds, oF
{o in a minute.

Air, Water, and Qﬁckﬁ‘.ver, being all brought:
to the common temperature of gre 52, I placed.
fucceffively in thefe feveral fluids a {mail Thermo-
meter that had always been heated to gr. 1123 and
carefully obferved the times wherein it loft 56 de-
grees of heat, or wherein the Mercury funk to gr,
56 on the fcale, -which was within 4 degrees of the
heat of the furrounding mediums. And by four
different trials the refrigerations came out thus

H o £l | S
In Air 8:45 | 8:30 | 8:20 | 5:25
In Water 1:04 | 1:03 | 1:04 | 1304
In Quickfilver 1;:00 | 1103 | 1:01 \ (:02

23. This doétrine of the heating and cooling of
bodies in all its feveral branches fhould be carried
on by a variety of experiments, which 1 have ner-
ther leifure nor opportunity of profecuting at this
time. So that I muft leave it to others, whofe fi»
(uation is more favourable for making the neceflary
obfervations for eftablifhing and perfeting that
doétrine, to which 1 have only been able to furnifh
fome helps.

H2 IAN
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of alower kind, and altogether difiinét from the
Heat of animals. And this too they diftinguithed
into natural and preternatural or morbid, as forts
of Heat quite different from one another. And
tho'e too they reckoned of different natures in the
different {pecies of animals.  Dodtrines and ways
of {peaking of this fort fet up by the Peripatetig
fchool, and too much adopted by Galen, and the
Phyficians after him, continued long in the world ;
and were alfo countenanced by the Chymiits, thefe
philofophi per ignenm, who profefled, and valued
themiclves on a more than ordinary knowledge of

the fecrets and operations of Heat. '

2. Gomez Pereira, who was among the firft that
dared to think freely in Philofophy as well as Phy-
fic, ventured to affirm * all Heat, whether of an
clementary, igneous or animal kind, to be of one
and the fame nature; that the heat of the fun, or
any other elementary Heat, did nort differ trom
that of animals but in degree ; and that the Heag
of a man in a fever differed only by its excefs
from that of a man in health; and that the Heats
of other animals did not differ {pecifically, but on-
ly in quantity, from one another, or from that of
the human kind.. .

* Nov. Med. cap, II, p. 7. 9. cap, IIL. p. 12. 17.
£0. 23. 24. 25>
3. The
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3. The learned 7e/efius, though he was fenfible
of the great variety of the degrees of Heat in Bo-
dics, thought the determining them and afces-
taining their differences to be almoft impoffible.
So that he declines taking the trouble of any fuch
inquiry. “ Qui calor,” fays he ¥, ‘ vel quantus,
«“ & quzm ejus copia, & quz entia in qualia inver-
“ tat minime inquirendum videtur, ut quod ho-
* mini nulla, ut nobis videtur, innotefcere qusat
*“ ratione., Qui enim vel caloris vires, & calorem
¢ ipfum veluti in gradus partiri, vel materiz, cui
‘¢ inditus eft, copiam quantitatemque diftin&te per-
¢ cipere, & certis determinatifque caloris viribus
‘“ copizque in certam materie quantitatem, dipo-
‘¢ fitionemque certas actiones ; & cert materie
¢ quantitati certam determinatamque caloris cos
plam aflignare liceat ?”

‘The puriuit however of all this he recommends
to others, as being in itfelf of very great confe-
quence. ‘‘ Utinam id alii & perfpicaciori predid
‘“ ingenio, & quibus in fumma tranquillitate re-
¢ rpm naturam perfcrutari licuerit aflequantur ;
“ ut homines non omnium modo fcientes, fed om-
€ pium fere potentes fiant.” bdo fond would he
have been of the ways of meafuring Hear found
out fince that time. Though for his own fhare he
ablolutely defpairs of doing it, efpecially, with any
tolerable accuracy. ¢“ Nobis ut ingenue fateamur

&

= D¢ Rep, Nat.:t. 17, i
¢¢ graliiore
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other fluids. And at length the firmeft bodies
themfeclves were, by undeniable proofs, found to
{well by the application of Heat of any fort. And

from the various degrees of thofe dilatations alone

we mult take our mealures of the various degrees

of Ileat in Bodies,

6. But where fhall we begin to reckon the Heat
of Bodies, or their greateft natural contratons,

or the limits of Heat and Cold ? Many things,
- when firft propofed, look fingular and odd, that,

after laying afide prejudices, and by mature con-
fideration become familiar and eafy; and of the
truth of which we come at length to be fully fatis-
fied, We commonly conceive water, when once
frozen and turned to ice, t¢ have loft all Heat,
and fo to have become abfolutely cold ; on which
account many Philofophers did too haflily begin
their reckonings of Heat from this point, But as
various Aunids, fuch as melted wax, melted tallow,
oil, wine, brandy, &c. lofe their fluidity at various

degrees of Heat, and after that may ftill grow
colder and colder in their firm ftate; juft fo after

water begins to freeze, we know from many con-

fiderations it can become ftill much colder. That

is, that in freezing water there is ftill a confiderable
quantity of Heat; which by degrees grows lefs and
lefs, till the cold becomes intolerable to us mor-
tals; as in the dead of winter in the northern in-

temperate climates, where men cannot live without

more
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more than ordinary fhelter from the extreme fes
verity of the weather, The air is ofte times as
much colder than water beginning to freeze, as
fuch water i1s colder than our fummer weather.
We reckon it warm when the fluid in the Thermo-
meter is railed to gr. 64, it is at gr. 32 when wa-
ter freezes ; and fuch colds have been often feen as
to bring it down to gr. o, the beginning of the
fcale, nearly the cold produced by a mixture of
fnow and falt,

7. Not as if this was the loweft degree of Ieat,
or the greateft degree of Cold that nature has ever
been obferved to produce on our earth, as Dr.
Bocrhaave * feews to think ; and which he i
though I know not on whofe teftimony, tells us
was the greateft cold that was obferved in Jfeeland
in the cold winter of 17¢f. 'The cold has been
fometimes felt as great, or near as great as this in
climates ordinarily temperate enough ; and c=rtain-
ly much warmer than what we have reafon to be-
licve the bleak cold country of Jeeland to be. At
Germanopolis in Peni [yivania, only in the latitude
40°, an. 173+ the cold brought the Mercury to
&r- 5 . In the famous winters 170% and 17:%
the cold at Paris was fuch that it would have

¥ Chem. I. p. 162. 164. 166. 299. 4C0. §93.
T Ibid. p. 148, 166‘: 174.
$ A&. Berolin. Cont. IV, p. 130. :
brought
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brought down the Mercury in our Thermometer
to gr. 8 ¥, At Leyden an. 1725 it funk to gr. § 13
and at Utrecht it fell a divifion lower |. At London
in the winters 1505 and 17 3% the cold was fo vio-
lent as to bring the {pirits almoft down to the arti-
~ ficial cold of an ice and falt mixture §. And an,
. 1705 Mr. Roemer § at Copenbagen in the latitude
- of 55° 43 found the Mercury in his Thermometer
1o fall fully thus low, to wit to gr. o *¥,

8. But if we go farther north, though not fo far
as Iceland, we fhall meet with much greater colds
than any thing ever feen in thefe countries, In

~ * Mem, Acad. Sc. 1710. p. 186. 1717. P. 3.
4+ Boerh, Chem. I. p. 158,

| Muffchenbr, in Phil. Tranf. 425, p. 359.

§ Derbam in Phil. Tranf, Abr. 1V, 2. p. 113, VI,
2. p. 50. p

t Vid. Boerh. Chem. I. p. 720.

~*% Dr, Boerhaave fpeaks of this remarkable obfer-
vation of Mr. Roemer as made at Dantzick, But I
rather think it to have been made at Copenbagen. Dr.
Derham (fee Phil. Tranf. Abr.IV. 2, p. 114.) had pa-
| pers in his hands giving an account of this very froft
an. 1705 at Copenhagen, faid to be taken from the ob-
fervations of Mr. Roemer. And Mr. Roemer was a
Dane, lived and bore high offices at Copenhagen ;
and died there a#. 1710. However in the main this
does not at all alter the ftory with refpe to us.

I January



68 Tur VARIOUS DEGREES

Fanuary 1732 the cold was fo great at Upfal, that
it brought the {pirit of wine in one of the Royal
Society’s Thermometers down to gr. 124, which
falls about a degree below gr. o in Fabrenbeit’s.
And at Peterfburg in the latitude only of 59% 56,
much the fame with that of Upfal, an. 173%, the
cold was fo exceflive that Quickfiver was by it con-
tracted %5 part of the bulk it had in boiling water,
or to fall to gr. 200 in D¢ I’ Ifle’s Thermometer *,
which brings it to —gr. 28 in ours. We know in
general from the accounts of travellers what jn-
tenfe colds rage in winter in many places of the
world, and efpecially in or near the frigid zones in
both hemifpheres. But we have few obfervations
on record exaétly limited or reduced to a determin-
ed meafure. However in M. De Maupertuis’s +
accurate journal we find that the French Academi-
cians, who, in purfuit of knowledge, and to deter-
mine that important queftion of the figure of the
earth, wintered an. 1737 at the north polar circle,
experienced a degree of cold much greater than
any thing we find meafured and recorded by others.
At Torneag in the latitude of 659 51, even on this
fide that circle, their fpirit of wine Thermometers
came at length to be frozen, and a mercurial one
conftructed in Mr. de Reaumur’s way {unk to gr,
27 under his freezing point; which would have

®* Phil, Tranf, 441. p. 222.
t Fig. de Ia Terre p. 8.
been
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Been about 33 divifions below gr. o in Fabrenleit’s.
When that intenfe cold was fuddenly admitred into
their warm rooms, their bodies could hardly fufier
it, their breafts were as if they had been rent, and
the moifture of the air was in an inftant converted
into whirls of fnow. Thisis a degree of cold a3
much below the cold of freezing water, as that is
below the ordinary heat of our fkin. Forit is
33+32=65 divifons below the freczing point a¢
gr. 32, and the heat of the human fkin at gr. 97 is
juft fo much above it.

9. Tofind a cold fo far below that of freezing
water is certainly very furprifing. And yet a great-
" er than this almoft inconceivable degree of cold
may by art be procured in lefs rigid climes. For
' we can contrive a method of cooling much beyond
the ordinary tendency and courfe of nature. Ma-
lrny things when mixed together immediately be-
' come vaftly colder than formerly when they fub-
fited diftiné&t from one another. Spirit of nitre
poured on beaten ice or fnow brings on a very in.
tenfe cold. Thefe, when their temperature and
that of the air was but about gr. 32 above gr. o,
the ingenious and induftrious Fahrenbeit by an art-
ful management cooled fo much that the mercury:
in the Thermometer {funk to—gr. 40, or 72 divi-
fions below the freezing point #; a degree of cold

* See Boerh. Chem. I. p. 162, Muflchenbr. Tent.
Exp. Acad. Cim. Ad. p. 174,

12 : greater
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greater than what was feli in the neighbourhood of
the polar circle. And this is as much below the
cold of freezing water, as thatis below the heat
of our hotteft animals, or of men in fevers. No.
body would have thought a priori that freezing ice
was capable of fuch an additional quantity of cold.

10. Nor are we abfolutely fure that yet in thefe
circumftances all heat was defiroyed. Even in
that horrid and moft bitter cold at Torneao, which
the French Mathematicians mention with fo much
horror, we are fure there was; and likewife even
in that exceflively cold mixture of Fahrenbeit there
might ftill be, and probably there was, fome de-
gree of Heat. 'What if there was a concourfe of
fuch frigorific circumftances? If Fabrenheit's ex-
periment were to be made in the frigid zone, what
would be the effect, and what a dreadful cold might

by that means be produced? * So then for want
of

* When 1 was lately at Paris there were put into my
hands fome very extraordinary obfervations commu-.
nicated to the Royal Academy of Sciences by Mr. De
I'lfle at Peterfburg, of exceflive colds at Kircnga, n
Siberia, a place, not very far north neither, lying in
the latitude only of §82 1¢’. There in the winter
173¢ the mercury ence fell to gr. 275 in De I'Ifle’y’
Thermometer, which by calculation [ find {hould be
gr. 118 below the beginning of the fcale in ours. This
(if there be no miftake in the affair) is the molt aftonifh.

ing)



o HEAT iwnBODIES. 101

‘of knowing the ultimate limits of heat and cold
we cannot determine the geometrical proportion of
the real or abfolute quantity of the Heat of one
Body to that of another. All we fhould pretend
to is to aflign their arithmetical differences ; whicl
“is a very ufeful work, and is to be done by a great
number of accurate obfervations on the various
expanfions of bodies by the various degrees of heat ¢
thefe expanfions always correfjonding in {fome¢
meafure to the quantities of fire or heat applied.
" 8o that we fhall in the ordinary way fpeak of thefe
~ things as proportional to one another. Though I
would not be underftood pofitively to affirm that
~ they both go on always precifely in the fame ratio :
. or that the expanfions were always exaltly in a ra-
. tio neither greater nor lefs than the fimple ratio of
the quantities of the applied heats.

11. When people * tell us that red hot iron is
3 or 4 times houter than boiling water ; and that
boiling water is about 3 times hotter than the heat
of our fkin, or of the fummer heat, they general-
Iy reckon the loweft limits of heat to be where wa-

ing thing I ever met with of the kind. It fuppofes a
cold 150 degrees below the freezing point, almolt an
incredible thing : a cold as much below the cold of
freczing water, as this is below the heat of boiling
fpirit of wine.

* Vid. Newton Princip. p. 508. &. in Phil. Tranf.

Abr. 1V, 2. p. 2. 3. Pitcarn. El, Med, 3L AL 26,
o8 ter
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ter begins to freeze; and thence found the addi-
tional dilatations of quickfilver, or of lint-feed oil
(or of any other fluid that may be ufed in fuch
Thermometers) to be in thefe proportions ; thou gh
the abfolute or real quantities of heat in thefe bo-
dies do not differ fo much by far, as they by that
miftaken way of reckoning computed. Thus boil-.
ing water indeed raifes the mercury in the Thermo-
merer to gr. 212, that is 180 divifions above gre
32, the heat of freezing water, while the heat of
the human body is but about gr. 97 or 98, only
65 or 66 degrees above the freezing point. And
therefore the dilatation acquired trom that point
by the heat of boiling water, to the dilatation ac-
quired by the heat of our body, is in the propor-
tion of 180 to «6, or 2’73 to 13 which is fome-
thing lefs than triple. But the real heats of thefe
things are fiill lefs differing from one anoiher.
Suppofe for example Fahrenheit’s ice and fpirit of
nitre mixture of—gr, 40 had been at the lowcit
boundary of heat (though there is great reafon to
think that to be ftill much lower) and then we
fhall find that the heat of boiling water fhould be
to that of our bodies only as 212440 to ¢8440,
or 252 to 138, or 1’83 to 1 : that is not fo much
as double. 'Who before fuch a particular exami-
nation would have thought the burning deftroying
heat of boiling water not to be altogethcr twice fo
great as the {oft temperate heat of a man in health ?
And upen the former reckoning of red-hot iron,

its
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its lieat thould be to the heat of our fkin inftead
of 10 or 12 to 4, only as about 700 to 138, or 5
to'1. So that by thus bringing down the limits of
heat ae leaft 72 degrees below the ordinary reckon-
ing, we find its various charalters as froff, tempe-

rate, warm; tapid, boiling water, red-bot iron, &c.
whatever their arithmetical diftances come out to
be, are not fo different in their real proportions to
one another, as is commonly fuppefed. Thought
on the oiher hand I would not affirm them to dif-
fer fo little as Mr. Amonton’s * reckoned. In whofe
fcheme the air fhould intirely lofe its elafticity;
when it is perfectly devoid of heat (of which how-
ever I think. we are not well. affared) . and then in
fuch a total abfence of heat, were it poflible to
procure it, reducing his numbers to-ours, the mer-
cury in Fahrenbeit’s Thermometer fhould fall 431
divifions below the cold of freezing water, or to—

- gr- 400 q. p. a degree of cold as much below the heat

. of the human body, as that is below the burning

' heat of oil or mercury boiling. But as we are not

. quite certain about this loweft degree of heat, we

. muftas I juft now faid, content our felves to obferve

the arithmetical differences of the various degrees
of Heat in Bodies, though we fhould not be able
to determine their real or abfolute proportions,
until we fhall acquire a farther infight into the na-

* Hit. Acad. Scienc. 1702, p. 8. Mem. 1703. p.
63. 64. 238. )

ture
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ture of things than we have at prefent. It is good
to know the narrow limits of our faculties, and
modeftly to confefs the bounds of our knowledge =
ever keeping in mind that excellent axiom of the
Lord Verulan *, ** Homo natur®e minifter & in-
“ terpres tantum facit & intelligit quantum de or-
¢ dine nature opere vel mente obfcrvaverit: nec
“ amplius {cit aut poteft.” It muft be by this road:
of experience and obfervation, pointed out to us
by the great Lord Chancellor, if ever we arrive at a
higher degree of knowledge than what we at pre-
fent enjoy.

II. Of the Heat of the Air.

12. In our fearch + after the loweft degree of
Heat, thoeugh we could not arrive at it, we found
however in fome f{ecafons and parts of the world
exceflively great, and as it were monftrous degrees:
of cold; and which the inhabitants of the earth
can fcarcely bear; they are intolerable both to a-
nimals and vegetables. 'T'he quarters of the earth,
within the polar circles, were thought by the An-
cients to be uninhabited by reafon of the excefs of:
cold prevailing there, avoxyzos diz Yoyos 1.

* Nov, Org. L. 1.
t 86
T Diog, Laert, VIL. 146.

1O,

Frigus
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Frigus iners illic babitat, pallorque, tremorque, ac
jejuna fames,

¢ Quia,” (fays Macrobius 1,) * torpor ille glacialis
“ nec animali nec frugi vitam miniftrat,”

Pioris ubi nulla campis
Arbor afliva recreatur aura |,

And indeed thefe bleak wild parts of the world,
though not quite wafte, are but thinly peopled.
And no wonder, There, and in other difadvan-
tageoufly fituated places, where fuch intolerable
colds chiefly rage, men muft thelter themfelves in
. clothes and houfes. The beafts of thefe countries
are many of them provided by nature with a thick
warm covering ; or muft retire the beft way they
can from the killing colds of winter, which how-
. ever often overtake them. The very vegetables
. themfelves would dic were they not commonly in
thefe feafons buried under fnow to fuch great
depths, as the extreme feverity of the cold cannot
reach. In bitrer black frofts we often experience
the. fatal effedts of the want of this fhelter and
proteétion, even in the humbler tribe of vegetables.
And though there be plenty of {now, the trees
and higher thrubs, that are not covered by it, are
great fufferers in the extraordinary fevere winters,.

1 In Somn. Scip IL 5.p. m.110.

| Horat, Carm. 1, 22.
evem




ro06 Twue VARIOUS DEGREES

even in the more happy and otherwile more tem-
perate countries. As has been often feen, and in’
our own days was experienced through all Europe
in the years 1705, 1725, &c. *; when the Ther-
mometers pointed thefe low degrees of heat we
had formerly occafion to mention.

13. But thefe and fuch like exceflive colds are
in thefe parts of the world juftly looked on as
fort of irregularities, and out of the ordinary
courfe of things. In thefe temperate climates of
ours the mercury feldom falls under gr. 16. And’
even then it is extraordinary cold. And indeed
we are apt to reckon it very cold at gr. 24. By
the very confiruétion of the Thermometer it is
flight froft at gr. 32: and continues coldith to gr.
49, and a litde above it,

14. Fhe middle temperature of our atmofphere’
in thefe countries is about gr. 48, when we cannot
call the weather either hot or cold; and is as it
were a medium of all the feafons; coinciding pret-
ty nearly with the middle vernal and autumnal
heat, as obferved in England by Sir Ifeac Newton,
and Dr. Hales, and by Mr. Crucquius in- Holland.
The French raife this middle temperature a little:
higher. They reckon it equal to-the heat of the.

* Phil, Tran{i Abr, IV, 2. p. 120, &c. Mem. Ac. _

Sc. 1710. p. 186. Hales Veg: Stat. p. 74, &e.
cave
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cave of their royal obfervatory: and this, both by
obfervation, and a calcul, comparing it with Mr-
Amontons’s Thermometer, I find to be at gr. 53 in
Riemer’s.,  And indeed this middle temperature of
the air we may eafily conceive to be very different
in different countries, It is to be reckoned as a
relative fort of thing, varying according to the
various climates and conftitutions of bodies in
them, which by ufe come to be fitted to different
temperatures. In the cold countries the air will
be found agreecable enough to the inhabitants while
it is betwixt gr. 40 and 5o. In thefe middle cli-
mates in our neighbourhood, and not too far
fouth of us, we are beft pleafed with the Heat of
the Air from a little under gr. 50 to gr. 6o ; while
in the hot countries they have their air generally,
and can well bear it fomething both above and be-
- low gr. 70.

15. When the heats in the refpetive climates

- are either much higher or much lower than thefe,
- both men and beafts are fain to provide againft
' them the beft way they can. In the cold they
| fhelter themfelves in houfes, dems, holes of the
earth, &c ; and the human kind befide that provide
for themfelves clothes and fires, to proteét them
from the feverity of the weather. In the heats we
lay afide our clothes, or take to the lighteft fort ;
we fhun the mid-day air, and retire to the cooleft
places; for in the day time it is generally warmer
in
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in the open air than in houfes. And fome of the
bird kind choole to fhift their country in the dif-
ferent feafons of the year, finding always by this
means a temperate enough climate for their con-
ftitution,

#

16. But the fame degree of heat is not equally
fitted to all animals. Some kinds naturally choofe
a cold country, while others indulge themfelves in
a warmer climate, and find that better fitted to
their conftitutions. And fo too, though with Dr.
Hales * we fhould deem the moft genial heat for
the generality of plants to be from gr. 53 te gr.
69, the various clafles of vegetables have their va-
rious temperatures of the air in which they can
thrive beft. Every body knows that fome plants
can live only in the cold countries, being burnt up
if tranfplanted to a more fouthern foil ; while the
natives of the warm countries are chilled to death
with us, if not very carefully and artfully proteét-
ed from the injuries of our feverer weather. This
piece of culture, propofed long fince by the great
Lord Verulam *, has been, in our time, carried to
a furprifing height. With the help of Thermo-
meters we can fo adjuft our ftoves, green houfes
and hot-beds, as to imitate the temperature of any

® Veg. Stat. p. §9. ';

+ Nov, Org. IL 35. p. 254. SG.p 348. Nat. Hlﬂie:
401. 405, 412. 836,

climate
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climate we pleafe ; and to fupport and keep in
ftrong life and vigour the plants, which nature has
given only to the warmer countrics, According
to the obfervations of the London gardencrs, as
marked on Mr. Fowler’s Thermometer reduced to
ours, I find the kindly degrees of heat for fome of
the moft curious foreign plants to be thefe. Ior
the Myrtles gr. 443 Oranges gr. 47; Ficoides gr.
50; Indian Fig gr. 534; Aloe gr. 57 ; Cereus gr.
6o ; Eaphorbium gr. 63 ; Piamento gr. 66; A-
nanas gr. 60; Melon Thiftle gr. 73.

Not as if thefe plants could bear only fuch and
fuch precife points of heat. They, like other ve-
getables and animals, have a confiderable latitude
that way; and can fuffer the air both colder and
warmer than thefe degrees, which however are
reckoned moft adapted to their nature. Though

1 (ufpect fome of them are marked too low, being
. far under the ordinary and moft kindly heats in
. thefe countries where fuch plants naturally grow.
' But there indeed they have a freer and opener air;

- where confequently they can bear greater heats
' than in our fmothered and pent up ftoves and

‘green-houfes.

17. Even we in this country do not reckon the
mr warm till it arrives at about gr. 64. Itis to us
very warm and fultry at gr. 8o. And Dr. Boer-
haave * thought it naturally fcarce ever exceeded

# Chem. 1. 156. p. 192, 207. 213. 274. 278. §53. |
15 gr. le
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gr. 80 or 9o at mofl, reckoning fuch hot air would
foon be deftruétive of the life of animals. DBut
fometimes even in thefe temperate climates the
weather has been found much hotter, 1 find -ob-
fervations recorded of the weather at Utrecht,
Paris, Padua, -&c. having fometimes been obferved
{o hot, as that the mercury in our Thermometer
would have been raifed to above ¢o degrees. In
Pennfjlvania, no intemperate <limate neither, the
heat in fummer 1732 came once to be gr. 96 or
97 *.  And Mr. de Reaumur 4+ premifes us obfer-
vations of hears that people were obliged to fuffer,
though they reached to gr. 38 in his Thermometer,
or near gr. 104 in ours, Even in the more nor-
thernly countries, where the fun has lefs influence,
we can by art contrive a method of giving unde-
niable evidence of animals being able to bear a ftill
greater warmnefs of air. In the outer bagnio at
Edinburgh the heat ufed to raife our Thermometer
to gr. ¢o; where, though at your firft entry it
{eemed indeed a great deal too hot, and fomething
¢ifagreeable, yet foon it became fo very tolerable,
that one might without any uneafinefs have con-
tinued in it as long as he had thought fit. Yea
one could ftay fome hLours in the inner bagnio,
though the heat there ufed to be about gr. 100.

* Aé&. Berolin, Cont. 1V. p. 131.

4 Mem. Acad. des Sc. 1736, p. 486, 389.
18, From
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But this opinion was, I humbly think, among their
vulgar errors, received chiefly by the people, and
taken up by the poets as a beautiful fiction, which
we cannot well fuppole they really believed. The
wifer fort, though they fometimes {poke * like o-
ther folks, knew better things. Their hiftorians
and geographers have recorded tolerable good ac-
counts of fome of the middle parts of the earth
within the tropicks. Ethiopia, Arabia Felix, the
{ea coalts of Iudia, the ifle of Tapraﬁam, Opbhir,
Tarfhifb, &c. were heard of even by the common
people, all well inhabited, though lying within the
torrid zone. And the travels of the Ancients, as
well as ours, thewed thefe countries not to be dif-
agreeable or inconvenient for human life. Nay
the heats there are by no means {o exceflive as we
are all, before trial, ready to imagine and expeét-
' The Jefuits miflionaries to the Eaft-/[ndies t took
particular notice of this. And their capacity of
- obferving fuch things, and their fidelity in relating
them no body will call in queftion. And lately
the curious Mr. Coffigny’s thermometrical obferva-
' tions | fhew that the ordinary heats, even under

|
% See Cicer. Somn. Scip, 6. Macrob. in Somn,

Scip. II. 5. 6. 7. Dicg. Laert. VIL. 156.

+ See Du Hamel. Hilt. Ac. Sc, p. 272.273. Hilt.
Acad. Sc. 1666—1698, 1. p. 111, 12 Mem, Acad.
Sc. 1666—1698. VIIL, p.835.

t Mem. Ac. Sc. 1733+ p- 580, &c. 1734. P. 759. &c.
' B3 the
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the line, and near it, are not greater than what
have been in fome extraordinary feafons obferved
at Paris, and other places, that every body knows
to be temperate enough.

0. Itis true all thefe obfervations were made in
iflands, and on or near the fea coafts, which we
may prefume to be fomewhat cooler than the in-
land countries +. But ftill we are well aflured that
even thefe can eafily enough be born with. And
all thefe parts of the world have that advantage of
the weather there being much more uniform than
with us. Their air fuffers much fmaller changes
both in the incumbent weight of the atmofphere
preffing it, and in the degrees of heat wherewith
it is warmed. Dr. Halley § tells us that he, as well
as others [| who have fojourned within the tropicks,
found very litcle variation in the height of the
mercury in the Barometer, which we know to be
2 or 3 inches in the more northern regions. And
we are all but too fenfible, and we had but juft now
occafion to take notice of the vaft changes of the
temperature of the air in this quarter of the world;
which through the whole year is commonly found
{o equable in the torrid zone, At Siam within the
lat. 159, from the greateft winter cold to their

+ See Mem. Acad. Sc. 1666—1698. VIL p 837.

1 Phil. Tranf. Abr. II. p. 18. 20. 22. '

| Vid. Mem. Ac. Sc. 1666—1698. VII. p. 840.
higheft
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higheft fummer heat the Jefuits experienced a dif-
ference only of 26 degrees in Hubin’s Thermome-
ter * 3 the extent of which I believe differs not
much from the like number in ours. + In Bata-
via, though a very hot place, and in gr. 6 fouth
lat. the excefs of heat above the greateft cold was
ftill fomething lefs. And in Aalacca § but 2 de-
grees of latitude from the equator, the weather is
very temperate, and fo equable, that for 7 months
together the {pirit in the Thermometer was never
under gr. 60, nor above gr. 70. | In the ifle of
Bourbon, in the latitude about 22°, the difference
between the higheft and loweft afternoon heat in
a twelmonth’s time was but 8 divifions in Pe Reau-
mur’s Thermometer, which make up {carcely 15
in ours. And the ordinary difference of the night
and day heat in thefe climates was found a fmall
matter compared to what we have it commonly
with us §. And as the torrid zone excels our
countries hereabout in a more equable degree of
. heat and weight of the atmoiphere, {0 we are
. more happily appointed that way than in Swedes

* Du Hamel Hilt. Ac. Sc. p. 272.

+ Ibid. p. 273.

1 Ibid,

I Mem. Ac. Sc. 1734. p- 762.

§ Ibid. 1666—1098. VIiL. p. 837.1733. D, 537,

and
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and Lapland, and thefe other northern regions .
From whence it would feem a general rule that,
cateris paribus, the greatnefls of the viciflitudes of
the air increafes with the latitudes of the places as

you go from the equator.

III. Of the comparative Heats of thke Sun, Earth,

Planets and Comets.

21. We have hitherto confidered the air, though
influenced by the Sun, as fhaded from its immedi-
ate burning operation. For in the open air expo-
fed to its direét beams fhining with greate(t advan-
tage the heat is found much higher than any thing

we have hitherto been fpeaking of. And an exa-
mination of this will naturally lead us into the con-
fideration of the Heat of the Sun, the inexhaufti-
ble magazine of light and fire, the great furnace
of our fyftem ; and to confider its influence on
bodies placed at different diftances from it,

Sir Ifaac Newton * comparing the Sun’s influen-
ces on the Earth and Mercury, which by its vicini-
ty to the Sun fhould have feven times more heat
from him than we, reckons the {olar heat in that
planet fufficient to boil our water,. and quickly car-
ry it all off in vapour; having found by a Ther-

+ See Phil, Tranf, Ab. IL p. 22. Maupert. Fig. de
la Terre, p. 72.

* Princip, III. Prop. 8. Cor. 4. p. 406.
mometer
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mometer that water was boiled by a heat {even
times greater than the heat of the fummer Sun ;
which then in this reckoning fhould be only at
gr. (324++%2=)s8. But this expreflion of #he heat
of the fummer’s Sun muft be greatly modified to be
confiftent with the true ftate of things. He muit
not only have meant it {olely of the degrees above
freezing water (as was then the falhion of thivking
and {peaking) but alio initead of fummer Sun, he
muft really have underftood the ordinary fbaded air
in fummer, or ihe Summer heat of the air, as Dr.
Pitcairn *, (who I fuppofe had his obfervations of
this matter from Sir Jfaac) exprefles it. Though I
muft confels that this could be but very improperly
compared to the folar heat at Mercury ; except we
fuppofe that he likewife meant the heat in the fhade

at Mercury too. And farther it will be reckoned
‘an incongruous way of judging of the Heat of the
‘Sun by taking our meafures from its impaired alti-
‘on on the air {creened from its direct rays.

22, The dire&t fummer mid-day heat is vaftly
greater than fuch a low allowance ; it having been
found, even in thefe northern climates, able to di-
late the fluid in the Thermometer much more than
= of the dilatation cauled by boiling water. Dr,
Boerbaave is the loweft in his reckoning of any
that pretended to take an’ eftimate of it, faying t

* Elem. Med. II. 1. § 26

-1 Chem. i p. 213.
s that
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that the greateft heat ever produced by the dire&
action of the Sun in our air, or other bodies heat-
ed by it, feldom reaches to gr. 84. And at ano-
ther time ¥, though he raifes it a little highes,
{ceming to allow that the great dog-day heat may
come to gr, 9o, he thinks it can fcarce ever go be-
yond thefe bounds, or arrive at the heat of the hu-
man body. But Sir [faac himf{elf in another place
of his book * exprefsly tells us that he found the
heat of boiling water only about three times great-
er than the heat communicated to dry earth by the
fummer Sun. And fo too Dr. Adufjchenbroek §
reckoned it probable that the heat of boiling water
is three times greater than the gieateft heat coms
municated to bodies by the fummer Sun in his
country ; by thefe reckonings this heat amounting
to gr. (324+*2%=)92. Nay even in [ltaly Borelli |
and Malpighi § found this heat of the Sun in mid-
fummer only equal to the heat of the vifcera of
hot animals, I fuppofe about gr. 102 ; not a great
deal higher than what Newtorn and Muffchenbrock
reckoned.

23. All this may, I believe, commonly be juft
and true enough. But it is not fo univerfal, either

i Ibid, p. 156,

* Princip. p. 503.

+ Tent, Exp. Ac. Cim. Add. II, p. 22.
§ De Mot. Anim. II. Prop. 96. 221.

§ Op. Polt, p. 30.
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ms to times or places, as one would be ready to ex-
peét from fuch ways of fpeaking. The Lord /e-
rulam * long ago took notice that the higheft de-
gree 'of animal heat fcarce ever attained to the heat
of the Sun’s rays in the fcorching climates and fea-
fons. And even in this cold country at {fome times
I have expericnced greater Heats of the Sun ; and
{o might any body elfe that would attend to it have
done. Many have had occafion to obferve how
vaftly metals are heated in the Sun. Sir Jfage New.
ton + takes particular notice of this; I have in this
place in the latitude of §6° 20 feen a piece of iron
heated fo much thatI could not hold it in my
hand above a few feconds of time; and therefore
it was much hotter than my blood. Aad I have
oftener than once feen dry earth heated to above
gr. 120,  And Dr. Hales T found a very hot fun-
fhine heat an 1727 ftill greater, viz. at about gr.
140. And Dr. Muffchenbroek § in his later trials
once experienced it fo high as gr. 150. So that
reckoning from the freezing point at gr. 32 in the
common way, thefe ftrong fun-thine heats were

' much greater than §, or even the half of the heat
' of boiling water. And in the more fouthern coun-
tries it has been found fill greater at fome particu-

* Nov. Urg, Il 13. p, 192.
} Princip. p. 420.

f Veg. Stat, p. g9.

§ Efl. PhyLl. § 974.

lar
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Jar times. Much has been faid of the fcorching
and intolerable heat of the Sun in the torrid zone.
% We have many ftrange ftories of extraordinary
fummer heats, as great trats of land, houfes, &g,
{et on fire, ftones heated fo as to melt lead, &a
Thefe indeed feem extravagant. But the German
Annals + preferve the memory of an exceflively
hot fummer an. 1230, when they roafted their eggs
in the fand heated by the fun.  And 1 have been
told that in Egypt, by no means the hotteft coun-
try in the world, they can often on the tops of their
houfes roaft their eggs at the fun.. And to harden
the white of an egg 1 find the heat of about gr.
156 to be neceffary. In the year 1705 the fummer
was very warm. 1 At Mentpelier one day the Sun
was fo very hot as to raife the quickfilver in M.
Amonton’s Thermometer to the mark of boiling

water itfelf, which is our gr. 212.

2.4, But after all, thefe great heats will be reckoned
irregularities, and out of the ordinary courfe of
the feafons ; and what may be produced by the Sun
only in certain times and circumitances. For in
our temperate climates the moft common and or-
dinary noontide heat of the fummer fun may be
found to raife the quickfilver in the Thermometer
but about 60 or 7o divifions above the freezing

% See Boyle Hift. of the Air. Abr, 3. p. 55.
+ See Lipfii Epift, ad Belg. IL. 1.

1 Mem. Ac. Sc. 1706. p. 13- *
point
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part of its period Sir Jfzac determines fhould have
been to our fummer heat reciprocally as the fquares
of thefe numbers, thatis, as 1000000 to 36, or
28000 to 1. And therefore, feeing the heat of
boiling water is three times greater than what dry
earth acquires from the fummer Sun, and the heat
of red hot iron three or four times greater than
the heat of boiling water, he computes the heat of
the comet fhould have been 2o00c times greater than
the heat of red hotiron. A prodigious and ter-
rible hear, even with all the abatements we have
been propofing ; and which I conceive no body
can take on, that is not immenfecly denfer and
-more fixed than any terrefirial body we know.
For from the example of common water, &c. *
it would feem that all bodies are, according to
their various degrees of denfity and fixednefs, fuf-
- ceptible juft of fuch and fuch particular degrees of
. heat, beyond which, whatever fire be applied
. to them, they cannot be raifed ; though by a heag
i excceding thefe their parts are all diffipated, are
rendered volatile, and fly off in vapour. And yet
] cannot but take notice that all this calculation is
upon the fuppofition that the comet was in its own:
nature like our Earth, and involved in an atmof-
phere like ours : otherwife that method of reafon-
ing and analogy cannot take place; nor would the
Sun’s heat affeét it in that way.

29. But I fay again under another view and con.-

* See Boerh, Chem, I. p. 265. 248.
L 3 ﬁdﬁratiﬂﬂj.







or HEAT in BODIES. 127

fcorching feafons beyond its heat in the moft fevere
winters that have been felt there., And the fame
conftant and unalterable degree of heat was obfer-
ved by Mr. Boyle * in a cave cut deep into the
earth. + And great and even troublefome heats
are faid to be obferved at greater depths, and in-
_oreafing in proportion to thefe depths; though I
could wifh thefe heats had been more regularly
meafured and afcertained than what I can find
they have yet been. So that it would feem the bo-
dy of the Earth has a very great proper internal
heat, independent on the Sun, and very much be-
yond what he, without the intervention of our at-
moiphere, could communicate to it ; fo great as
within go feet of its furface to raife the Thermo-
meter 93 divifions above Fabrenheit’s cold mixture
or 453 divifions above what M. Amontons rﬁCan*
ed the loweft degree of heat. This Heat of the
'Earth at its furface is fomething lefs, and beyond
that its force decreafes indeed very faft, fo as to
leave the air at a {mall height above it a good deal
‘colder ; and which we find on the very high hills
' to be exceflively cold, and not to be much warmed
by the additional heat of the fun’s direét rays, if
| they be but little altered by the earth’s furface and
- atmolphere.

* Mem. Hift. of the Air. Abr, III. p. 54.

T See Boyle Exp. on Cold. Abr. I, p. 641. 700,
9or. 702. Boerh, Chem. I. p. 479. Woedw. EfI,
Nat, Hift, of the Earth. p. 136,

20:. It
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exorbitant as we have been accuftomed to reckon
them *. ‘The proper or innate heats of the planets
may be fuch that the inner ones are in no bazard
of being too much fcorched, nor the far off ones
of having too fmall an allowance of the benign in-
flucnce of the Sun’s hear. And that, efpecially
-by the help of peculiarly difpofed atmofpheres con-
curring that way, there may be a great uniformity
in this refpect of the whole folar fyftem., Yea even
the comets them{clves may, for any thing we know,
be {o confiracted as to fuffer no great inconvenience
by their great excentricities, and very variable di-
ftances from the central fire.

34. But where am I going? I find myfelf tread-
ing on flippery and enchanted ground. I fear |
may be thought juft now to have got too far into
the bewitching and airy regions of fancy and con-

jecture, where I would not choofe to dwell. How.
~ever, at prefent baving a delightful profpe& in
' view, I would fain be indulged in one queftion be-
fore I quit this place. What if, abftra&ting from
the other folar influences of light, gravitation, &c.
the great force and virtue of its additional heat on
 the bodies of planets (which is wifely contrived to
' be very variable and thifting) is to produce fre-
quent changes on the otherwife equable heats of
their furfaces, for very great and noble purpofes

* See Newton ibid. p. 5¢8. Whiften ibid.
in
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in the life and fupport of their inhabitants? as at
leaft we know to be the ftate of our globe, which
by the viciffitudes of night and day, and winter
and fummer, and {pring and autumn, befide other
ends thereby accomplifhed, preferves in aétion and
life both vegetables and animals : all which would
ftagnate and die in a ftate of heat always perfectly
the fame. TFor all natural organic bodies, from
the loweft vegetable to thofe of the higheft animal
life, have, by the viflitudes of heat and cold they
neceflarily undergo, a conftant ofcillation, a per-
petual alternate contradtion and expanfion of all
their folid and fluid particles.

35. S0 then the Sun, though it be not the fole
or chief fountain, is, as it were, the great regu
lator of motion, heat and life to the inhabitants of
this {yftem ; and on this account the benefits to us
men of this great mover, this awakener and en-
livener of nature, are highly to be prized. Which
however were much miftaken by the ancient hea-
then nations, and ftill continue to be fo amongft
many in the world; who having loft the true re-
ligion and philofophy of things, that were given to
the firft men, and {o feeing things but by halves,
and dazzled by the fplendor of the fun’s light and
power, and fenfible influences *, imagined that for|
their life and all the goods thereof they depended

* Wifdom of Sclomon xiii, 1—#.
on|
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®n that great luminary ; and fo worfhipped the crea-
ture inftead of the Creator, the work inftead of
him that made it; the knowledge of whom they
had utterly loft. And this was never to be reco-
vered without a new revelation, a2 new communi-
cation of himfelf from God to man; or a more
accurate {furvey and knowledge of the fyftem of
nature than what mankind could of themfielves
foon or cafily arrive at ; by which the feveral con-
nections, and fubordinate dependances of its parts
one with another, and the great and univerfal de-
pendance of the whole on a wife and omnipotent
maker and ruler might be found out. An inquiry
indeed of the greateft concern to us men ; and in
which there have been very grear fleps made in
thefe latter times, that do very much confirm and
illuftrate the revelation given to .fbrabam for the
confervation of the true religion, and continued to
his pofterity ; which was afterwards much farther
extended by the laft grand revelation concerning
the great Creator, the Lord of heaven and earth,
that made the Sun, Earth and Stars; and governs
‘them all with infinite wifdom and power,
|
|
! IV. OF the degrees of Heat in Animals.

36. Thus much for the Celeftial and Planetary

Heats. DBut now let us come nearer home, and
M confider
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infe€t eggs, nymphas, and aurelias outlived the
colds that were intolerable to the livclier animals,
And we know how vaftly low the fluid then {ub-
fided in the Thermometers. Mr. de Reaumur *
found fome very young flender caterpillars that
were able to bear a cold under gr. 4. And what
is {till more, the Fremch Mathematicians in their
Lapland journey in the antumn were peftered with
innumerable fwarms of flies of various kinds 4,
whofe eggs and aurelias muft have wintered under
{till greater colds than this. And [ find that cater-
pillars have but a {mall degree of heat, about a
divifion or two above the air they live in.

29, The whole infet tribe is commonly brought
under the clafs of Cold Animals . On which
account I cannot but take particular notice of a
very fingular exception in the heat of Bees, a very
remarkable branch of that genus of living creatures,
As thefe, according to the curious obfervations of
Naturalifts, have fomething very peculiar in theig
acconemy, fabric and generation; fo 1 have ob-

* Mem. Ac, Sc, 1734. P. 267

+ Maupert, Fig. de la Terre, p. 12. See too Boyle
Exp. of Cold Abr, 1. p. 661.

{ Vid. Bacon. Nov. Org. IL. §. 11. p. 167. §. 12,
p. 186. §. 13. p. 1y2. Nat. Hift, 73, Lifter de Bucc,

P+ 245
ferved
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ferved that they have a very fingular conftitution

in the heat of their bodies. This 1 have experi-
enced frequently; and I find that the heat of a

{warm of bees raifes a Thermometer buried a-
mongft them above gr. 97 ; a degree of hsat no-
thing inferior to our own, '

40. The other animals of low life, agreeable to
what I obferved of the ordinary infects, have but
very little additional heat above that of their fup-
porting medium. I could fearcely diftinguifh any

 in Mufcles and Oifters. It was very little in the

Branchial fithes. In Ilounders,. Whitings, Cod-

. fith, and Haddocks the heat was found {carce a

o —————

degree more than the falt water they were {wim-
ming in, even when that was {o low as gr. 41,
Nor are the red filhes much warmer than they,
Some Trouts, whofe heat I examined were but at
gr. 62, when the river water they had been fwim-
ming in was atgr. 61 *, Fifh can live in water
any thing warmer than freezing, that is any thing:
above gr. 32..

41. The refult of feveral trials made Snails a-
bout 2 degrees warmer than the air. Frogs and:

* And lately at Paris I found the heat-of a Carp:
fearcely to exceed gr. 54, the heat of the water where-
in I examined it, The heat of an Eel came out in the:

fame way.
M 3 - Land:
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- g42. For the heat of hot animals is not uniform-
ly the fame in all animals, and at all times. That
admits of a very great latitude : it varies according
to their various kinds and the circumftances of
each. The furface of their bodies are, like other
things, much affeted by the heat or cold of the
ambient medium, and confequently wrought upon
by all the varieties of feafons and climates, if not
{ufliciently fheltered from their influences. When
that is their external and internal heat is nearly the
fame ; but ftill differing fomething in different ani-
mals,

43. Dr, Boerbaave * indeed fpeaks of the heat
of hot animals as in a natural ftate pretty uniform,
or the fame in all, reckoning it commonly to be
~ {uch as to raife the mercury in the Thermometer
. to gr. 92, or at moft 94. And fo too Dr, Pit-
. cairn’s T heat of the human fkin at his gr. 17 falls
' near our gr. 92. Mr. Amontons I, by {everal trials
- found the heat communicated by the human body
to his Thermometer to be at dig. 58, 58, ¢85,
58+, 58+%. Thefe by calculation I find to fall a-
bout Fahrenheit’s gr. 91, 92, and 93. Sir Jfaac

* Chem. I. p. 192.20%. 213. 414. 415. §20,
+ El, Med. II. 1. §. 26.
1 Mem, Ac. Sc, 1703. pP. 235. 243.

Newton’s



r4o Tue VARIOUS DEGREES

Newton’s | gr. 12, which he makes equivalent to
the external heat of the human body, and to the
heat of a bird "hatching eggs, comes to gr. 95+ in
ours. Fahrenheit * himfelf places his heat of the
human body and blood at gr. 96. And at this

mark Dr. Muffchenbrock + fays the Thermometer
ftands, when it is immerged in the blood flowing

from an animal ; though in another place he
fpeaks of gr. 92 or 94, as a pretty high degree of
heat for our blood.

44. I have very carefully made numberlefs ob-
{ervations on this {fubjeft of the hecat of animals :
and from them I muft be allowed to fay that I find:
all thefe reckonings much too general, and in the.
main confiderably too low. I fufpect that, at leaft
in many of them, there was not fuflicient time al-
lowed to warm thoroughly the bulbs of their Ther-
mometers ; or perhaps at the time of trial the folks:
hands had not the natural fheltered heat, The
human kind is amongft the loweit of hot ani-
mals | : and yetI by the heat of my fkin every way.
well theltered, at a medium in an infinite number.

| Phil. Tranl. Abr, IV. 2.p 1. 3.

% Phil, Tranf. Abr. VL. 2. p. 18. 52.
+ Eph. Ultraj. 1728. p. 679

1t Ef de Phyf p. 502.

| Czfalp- Qu. Perip. V. 6. p. 132,
of
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V. Of the preternatural Heats of Animals.

so. Thefe then are the Heats of Animals as in
my experiments they generally appeared to me.
But they are not to be held as univerfal. Befide
the varieties in different individuals, the heat even
in the fame animal does not keep always the {ame.
For ordinary indeed and in health the variations
are not great; but by difeafes and extraordinary
accidents it may be much altered, and brought
both above and below the natural ftandard. I can-
not {ay that I have yet had opporrunities of making
obfervations enough to lay down any thing fuffi-
cient or fatisfa&tory concerning the Heat of Ani-
mals in preternatural or morbid ftates. However
I think I may venture to {ay that it is not {o vaftly
great in fevers as fome are apt to conjecture.

si. The medical writers. all take notice of the

~ conftant and burning heats in ardent fevers. And

we are told * of the Emperor Conflantius and of
fome others, that they were of fuch a dry hot
temperament, as, when heated by a fever, in fome
meafure to burn the hands of thofe that touched
them. But this burning heat no body then knew
how to meafure, or to preferve to us any diftinét
intelligible notion of it. The determining and af-

* See Bacon. Nov. Org. II. 13. p. 192.
fixing |
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52. But no animal 1 fay can bear a heat near
this. Befide the bad effeéts it would have upon
the fluids, I know our nerves are not able to en-
dure fuch a fcorching heat. If that be but a few
degrees botter than our blood it comes to be into-
lerable. Sir [faac Newton * and Mr. Amoutons g
felt water too hot for their hands flirring in it
eafily to bear at gr. 108. I fulpet indeed the full

heat of the water had not bzen thoroughly com,
" municated to their too bulky Thermometers. 1
find it becomes fealding hot to my hands and feet
at gr. 112 0r 114. And fo I reckon will moft peo-
ple find, who have not their organs tco callous.
We fhould not however judge of the delicacy of the
body by the fenfation of the hands, which in many
folks by labour and ufe are rendcred preternatural-
ly infenfible. Mr. Amontons’s valet could bear wa-
ter of the heat of gr. 122. And I have feen folks
who could handle things freely I could not well
touch. 1 dﬂuﬁt_nat but the hotter animals can
" likewife bear a greater heat than we. And on the
other fide fithes and cold animals may be fcalded
to death with a heat lefs than that of our blood-
A Perch, one of the moft lively of the Branchial

% Phil. Tranf. Abr.1V, 2. p. 2.
1+ Mem. Ac. Sc. 1703. p. 236. 244.

N 2 fithes,
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fithes, died in 3 minutes in water heated but to
g 96 ¥

53. At firft men often gave names to things
from certain refemblances without pretending
thereby to underftand or exhibit their natures,
And in this view Phyficians may continue to talk
of the 7o wog, the Febris ardens, and Inflammations,
and freely ufe thefe and other fiery names, if they
mean no more by them (as it is likely they did not
in the original ufe of them) than a figurative way
of exprefling extraordinary heats of the body, or
the heat of the blood carried confiderably beyond
its natural ftate. But from undeniable experiments
we fee they muft be much miftaken, who not con-
fining themleclves to the figurative ufe of thefe
names, and led aftray by vain and ill-grounded
theories, talk of real {corchings of the body, and
actual burnings of the heart and other vifeera, of
ebullitions and effervefcenies of the blood, of its
being kindled and ready to burft into flame {, and
of other fuch fiery defcriptions of heats, which'
no animal, while in life, can be brought into. ba
that thefe are ways of fpeaking, which, to prevent
miftakes, fhould have no place out of Poetry ;
where alone fuch bold figures, and thefe exprefled
in fuch a firong manner, without any reftriction,

* Muflchenbr, Tent. Exp. Ac. Cim, Add. p. 122,

+ Willis Pharm, Rat. IL, p.22.
are
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54. We fce then that nature feldom carries the
body or blood of animals to a degree of heat very
much beyond its ordinary healthy temperature-
Nor indeed are we able to bear any very great ex-
cefs of that kind, cither in the body itfelf, or in
the medium without us. 'We can however on the
other hand endure greater excefles of cold, ‘at leait
externally affecting us; their being many remark-
able inftances of the furface and extremities under-
going very great colds without being abfolutely de-
ftroyed. We have all, I fuppofe, fome time or
other even here experienced very fharp nipping
colds. Thefe however are nothing compared to
the frightful accounts we have had of the great
prevalency of cold on the bodies of men and o-
ther animals in the more northern countries, Of-
ten are they quite frozen to death; but at other
times, though the cold has gone a great length,
they are happily recovered. We have been told *
of animals found ftiff cold in their lurking places,
or buried in lumps of ice, that by the Stimulus of
pain or a warmer air have been again brought to
their life and fenfes. Partial freezings of the nofes
hands, feet, &c. of the human body are frequent.
But what is much more there are inftances + of

¥ Boyle Exp. on Cold Abr, I, p. 671. 673. Quefnay

Oecon. Anim. p. 25.

t Fabr. Hild, de Gangr, &c. XIII. p. 792,
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men being fo frozen by the lump, that when
plunged into cold water they contrated a cover of
ice over their whole body, which therefore in all
its exterior parts muft have had a cold confider-
ably under gr. 32. 1f it came {o low as gr. 25 the
blood muft have been frozen in fome of its veflels,.
However even in this terrible threatning ftate,
when the whole body feemed to run fuch a rifque
of congelation and the fleep of death, by good
management, well underftood in thefe intemperate
countries, people have been recovered to their life
again. In fuch extreme cafes one would think
that the internal heat muft too have been confi-
derably impaired: but how low that may be carri-
ed without danger or immediate death we cannot
yet determine. In the mean time the meafuring
the heat of the Birds and Beafts that pafs the win-
ter in a flate of {leep and infenfibility might give
us fome light into this matter.

Thus much in general of the Heat of Animals :
that fubje having been more minutely handled in
another treatile De calore animaliam.

What follows is more in the nature of a plan of what

is propofed or fhould be done on the refpective heads,
- than any thing fully executed on them.

Heads to be added.

VI. Of the heats of Waters, Oils and Salts, ae-
cording to their fluidity and confiftency-

VII. Of
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would freeze as foon as Water, viz, at gr. 32.
Buat on trial it is found to refift the cold fomething
more. The Blood of a Lamb was not frozen at
gr. 29 but it was turned into Ice at gr. 25 %,
And fome of the cold animals preferve the fluidi-
ty of their liquors ftill more obftinately, Some In-
fets indeed were killed and their bodics hardened
at about gr. 20 +. DBut there are others that re-
filted the cold below gr. 4 ; preferving the life and
foftnefs of their bodies, and the fluidity of their
juices I,

HMilk is not ill to harden, freezing I think at a-
bout gr. 30. '

Ordinary Urine freezes at gr. 28, though if it
be {trongly impregnated with Salts and Oils it may
continue fluid in a cold fomewhat greater.

Fermented Liguors do not freeze {o eafily as fimple
Water; and the ftronger they are they can bear
the greater cold ; and when they are frozen, it is
the weake{l parts that fuffer firlt, the ftronger and
more {pirituous often continuing fluid. Small
Beer and fmall Wines eafily turn into Ice; and the
great colds in Mufcovy, Greenland, Hudfiw's Bay,

* Reaumur in Mem. Ac, Sc. 1734. p. 260.
-+ 1bid. p. 259,

:t_Idid. p. 257, 258,
&c.i



wr P E A T W BODUES- iy
&ec. froze the ﬁrnngﬁﬂz Wines, as ftrong Claret,
Malaga, Alicant, &c *,
buch colds were certainly very great; ‘but thole
who had occafion to obferve them, had not the
means of taking any exadt eftimate or determined
mea‘ure of them; which, if an opportunity were
oftring, we can do now with greater cerrainty +,
Not only the ftrongelt Wines may be frozen.
Brandy itfelf has been converted into ice |; the
ftronger part, if there bz bulk enough of the li-
quor, ufually retiring to the center (as in the freez-
ing of firong Wine)and there conftituiing a ftrong-
er Spirit of Wine feparate from the reft. And.
fuch muft undoubtedly have been a very great cold,
Brandy eluded Dr. MufJchenbroek’s T attempt to
freeze it with the cold of fnow and beaten ice. A
mix:ure of tolerably well reétified Spirit of Wine
and Water in equal parts, which I reckon would
make a liquor about the firength of common
Brandy, was not frozen but with the cold of—gr.
7. A weaker mixture of 1 part Spirit to 3 of
“Water froze at gr. 7. But on the other fide, a
ftrong mixture, where the Spirit was double the

* Sce Boyle Exp. on Cold. Abr, I, p. 594. éc7. 6cq.
é10. Scept. Chym. Abr. IIL p. 28t. Phil. Tranf,
Abr, 1L, p. 152. Merret Exp. of Cold. p. 47. 48.

+ Laft winter I found good Burgundy, ftrong Claret
and Madera to freeze at about gr. 20.

| Boyle Exp. of Cold Abr, L. p. 594.

t Tent, Esp. Ac. Cim, Add. p. 176.
Water,
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Water, did not freeze till the cold came down to
—gr. 11 %,

But Mr. de Reaumur’s re&ified Spirit of Wine
itfelf underwent in the winter at Torneao a cold
greater than any thing he was able to make in
France. 'There too it was frozen 1, though at
what degree we cannot tell.  Only we are {fure that
the cold able to do it was no greater than—g7. 34;
perhaps a good deal lefs. If people were apprifed
and on their guard, thiz might be accurately e-
nough determined in fuch cold countries ; where I
fuppofe the moft perfect Alcohol might be frozen ;
and perhaps even the lately invented ztherial Spirit
of Wine itelf.

Vinegar is the produce of a fecond procefs of
fermentation, whereby all the Oil and Spirits of
the Wine are converted into a lean acid liquor,
that refifts cold pretty much, and (like Wine and
ardent Spirits) the ftronger it is, the more. Com-
mon Vinegar is indeed not difficult to freeze, that
may ordinarily happen at about gr. 28. But when
freed of a great deal of its phlegm by diftillation,
under the name of Spirit of Vinegar, it refifts a
much greater cold. However it was frozen when
expofed to an intenfe cold, as Mr. Boyle 1 tells us ;

* Reaumur. in Mem. Ac. Sc. 1734. P« 255+«
4+ Maupert. Fig. de la Terre p. 38.

t Exp. on cold Abr. L. p. 590.
as
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Oil of Olives fiiffens and grows opaque very {oon,
as at about gr. 43. Bur different Oils, and differ=
ént parts of the fame Oil freeze at different de-
grees of heat. So that we fee fome part of this
Oil foretimes ¢ontinue fluid in pretty firong
frofts.

Wax is a vegetable Oil colletted from flowers by
the Bees. This {fwims on water, and does not lofe
* its firmnefs and opaquenefs till that be heated to
gr. 142, |

All the Refins may be looked on too as vegetable
Oils, and they melt with a heat below that of
warm water.  Common Rofin comés to a fort of -
fluid by the heat of about gr.:

Many of the mineral Oils appear for ordinary
fluid, as Petroleum, Naphtha, &¢. nor are we yct
informed at what cold they becomé firm, Othersa~ -
gain, -as Afphattos, Succinum, &e. we find always -
in a firm dry form; but:which may be melted by
" heat. And Sulphur too is fuch an Oil. And Flowers -
of .Brimftone, that is to fay, pure Sulphur, melts :
into a fluid with the heat of gr.: :

Train Oil does not eafily freeze *. And I fup--
pofe st was from this that Olaus Magnus + tells us
that it is ufual in the northern regions to fill up
the frozen ditches of fortified places with Train
Oil in the winter, to preferve the lower water fluid, -

* Boyle Exp. on Cold Abr. L. p. 596. 5§98,

Vid. Ibid. p. 596, |
: ks 0.3 But -
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VII. Of the melting and [bining heats of Metals and
Minerals.,

And now are we come to confider thofe, which
of all terrefirial bodies, except elementary Earth
itfelf, are the moft confiffent and firm, and moft
fufceptible of the greateft heats; 1 mean Metals
and Mineral fubftances. They are naturally in2
confiftent form : but fome of them flow at a mo-
derate enough fire ; while others require o intenfe

a heat to diflolve them, that we find it difficult how
to bring it to a calcul.

¢

Quickfilver is always reckoned in the clafs of Me-
tals. But it is fo far from the common confiftent
form and appearance of other Metals, that it may
juftly be looked on as the trueft, vifible, and tangi-
ble fluid in the world. By fome flight additions it
may indeed be robbed of that property. But when
left to itfelf pure and unmixed, it always preferves
its fluidity in the very greateft colds natural or ar-
tificial that have ever been obferved *.

* See Boyle Exp. on Cold Abr. 1. p. 597. Boerh,
Ch:m. L. p. 36, 165. De Maupert. Fig. de la Terre
p- 58. '

Of
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‘Of all the ordinary fimple Metals or Metallic
Subftances 77n lofes its confiftency, and flows the
eafieft, or with the loweft heat. By Sir /faac New-
ton’s obfervation *, reduced to the numbers of our
Thermometer, it melts at gr. (” X 'EQ+ 32*")408
Dr. Muffchenbroek’s experiments 1 carried it but a

little higher, wiz. to gr. (I px~'—gﬁ+32_)422. And

there may be greater differences from accidental
mixtures. Sir [faac’s experiments of moft of the
Heats below this of Tin are, I believe, preity near
the truth. The heats beyond this being deduced
in 2 more precarious way we cannot be {fo fure of,

Lead is the Meta] next to Tin that fluxes eafieft.
But here I do not find different folks obfervations
agreeing fo well as in the other. . In Sir Jfaac’s
way of finding out the heat of Lead beginning to
melt, that would fall on our gr. 540 . Dut accor=
ding to Muffchenbreek’s experiment § reduced to

our numbers, the Mercury by fuch a heat thould

rife to gr. 769 ; were it fufceptible of fuch a great

* Phil. Tranf. Abr. IV. 2. p. 2. 4.
+ Tent. Exp. Ac. Cim. Add. IL. p. 21.

% Ibid. p. 2.

§ [bid,
expanfion
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Tin than Bifinuth in the mixture it would not melt
with a heat under gr. 3y2 *,

We are told by bir /faac that the heagof melting
Lead was gr. c40, and that of Bifmuth 460. But
thefe two bodies, fo difficnlt to be melted by them-
ielves, when blended mgﬂth'ér 1to one mafs, are
much eafier brought into fufion. A mixture of
them in equal quantities but juft ftiffened atv gr.
234 T; and fo would melt with very little more
heat,

But what is moft furprifing of all is the great
fufiblenefs of a mixture of all thefe three ingredi-
ents. Mr., Homberg { propofed for an anatomical
injetion a compound Mertal of Lead, Tin, and
Bifmuth in equal parts, which he tells us keeps in
fufion with a heat {o moderate that it would not
finge paper. Sir Jfaac contrived a mixture of them

in fuch proportions that it melted and kept fluid
with a heat {till fmaller, net very much exceeding

that of boiling water. A compound of 2 parts
Lead, 3 parts Tin, and 5 of Bifmuth but juft ftif-
fened at that very heat §. And fo would have
fluxed with very little more. And another mix-
ture of the fame materials in a proportion fome-
what different from that aétually melted by the heat

* Newton. Ibid. p. 2.
+ Idem, 1did.

T Mem. Ac. Sc: 1699. p. 233,
¢ Newton, Ibid.

of
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of gr. 246 +. It confifted of the Lead, Tin, and Bif-

muth in the proportions to one another of 1, 4
and s. .

Antimony is a mineral compounded of fulphu-
reous and metallic parts.  The metallic {ubftance
when feparated from the other is called its Regulus,
This is able to bear a great heat wichout melting,.
'‘When prepared with Iron, and fo going under the
name of Regulus Mastis, it was found to ftiffen
only at gr. 805 *, and fo would take a heat fome-
thing greater thoroughly to melt ic.

But this Regulus fluxes fomething eafier when
mixed with Tin or Bifmuth. A mixture of it and
Tin in equal portions was found to meltat gr. 635 |,
When the Regulus exceeded 5 times the quantity of
Tin it ftiffened at gr. 752 1. And fo too did a
mixture of Regulus and Bifmuth in the proporti-
ons of 2to1§. DBut when the Regulus was in
lower proportion to the Bilmuth, asin the ratio
of 4 to 7, the compound was eaficr melted ; forit
fiiffened at gr. 635 ¥. F

Though it would feem by thefe experiments that

+ Newton, Ibid.
* Idem, Ibid p. 3.
| Idem, Ibid.
1 Idem, Ibid,
§ Idem, Ibid.
* Jdem, Ibid,
the
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the Metal of Antimony gave the Tin and Tin-glafs
a power of refifting the fire, and that even fome-
thing greater than its proportional quantity in the
mixtures fhould require ; yet it promotes the fluxi-
bility of the harder Metals, When added to red
hot Iron it foon brings it into fufion . And it
increafes the fufiblenefs and volatility of fome of
the other Metals .

Qe Qi Bl

The Hard Metals, Silver, Gold, Copper, and
Iron require a more intenfe degree of heat to de-
ftroy their confiftency, and bring them into a fluid
ftate. And before that too they undergo a very
remarkable change, appearing in a fhining form
when we know that they have a vaft burning
force, far exceeding the heat of ordinary
hot bodies, as the fummer air, boiling Wa.
ter, &c. the proportions of which fome have en-
dcavoured to determine.

Dr. Keill * aflirms *¢ the heat of red hot Iron to

¢ be only 7 times greaterthan the ordinary heat of

¢ the fun in fummer.” But this ordinary heat of

+ Boerh, Chem. I, p. 5;5. IL, p. 511,
T Ibid. I, p. 34. 38.
¥ Exam, of Burn, Theor. p. 156
P the
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the fun in fummer is not a very decfinite thing, e-
fpecially as then underftood. So that we are not
quite fure what Dr. Keill really reckoned to be the
heat of red hot Iron. Though I fuppofe he had
fome view to what he found in Sir f/zas Newton on
that {ubjedt. :

Very early had this great man been making ex-
periments on the various degrees of heat in bodies,
And it was from thefe his firft trials he had what
he fays of them in his Principia, reckoning the heat
of red hot iron to be 3 or 4 times greater than that
of boiling water +: almoft as Dr. Pitcairn foon
after gave out the matter in his colleges at Leyden 1,
to whomn I am ready to think Sir /faac had com-
smunicated this obfervation, that ¢ by the heat of
« our fummer air the Oil is raifed in the Thermo-
*¢ meter 74 degrees ; by the heat of our fkin to gr.
«t 173 by boiling water to gr. 5o or §2; by the
s¢ heat of red hot Iron to thrice that number”, or
to gr. (180X3+32=)372 in our fcale.

But upon what grounds Sir Jfaac reckoned red
hot Iron (ferrum candens ) to be but 3 or 4 times
hotter than boiling water I cannot weil tell, Nor
how <ither he or Dr. Pitcairn could determine the
dilatation of Linfeed Oil by the dirett application
of the heat of red hot Iron, can 1 conccive any
way poflible ; for it boils by 2 much lefs heat than

+ Princip, p. 508.
1 Flem. Med, II. 5. § 26.
that.
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that. And if you were to imagine Oil to expand
regularly as far as you pleafe without boiling, the
heat of red hot Iron would carry it much beyond
* #50 or 200 fuch degrees ; that is to fay, it would
dilate the Oil much more than 3 or 4 times the ex~
panfion given it by boiling water.

It is true Sir Jfaac gives out this computation on-
1y as a conje@ure ; which however as it ftands in
the firft edition is ftill preferved without the leaft
alteration in both the other two: though he had
long before he publifhed them made fome new ex-
periments, whereby in a very ingenious way he
has found the heat of red hot iron to be a good
deal higher. For lhis firlt enquiries concerning the
comparative heat ot bodiss muft (as is commonly
the fate of all firft effays) have laboured under
fome imperfetion. But as this affair was well
worth profecuting, his great and inquifitive genius
did not reft in them. He repeated his trials with
. greater care and exaltnels ; and an. 1701 gave in
" to the Royal Society the refult of them in that ex-
~ cellent paper (to which alrcady we have been fo
much beholden for fo many curious experiments
and ufeful hints) containing a frale of the degrees of

beat determined with an Oil Thermometer and z
~ lump of red hot Iron *,

Of this method of determining the degrees of

» Phil-, Tran{. Abr. IV. 2. p. 1. &c.
P2 heat
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heat we have already 1 had occafion to fpeak more
fully. It is the refult of his obfervations we are
juft now concerned with. And we are told § that
dt his gr. 114, which coincides with our gr.

(“45{18':’-}—;1:)635' heated bodies begin to fhine

34

m the dark, but juft fo as to be perceptible. This
may be called the fhining point of Heat. Butl would
fuppofe from the train of Sir Jfaac’s experiments,
that this and whar he fays farther of the fplendor
of heated bodies is to be meant {olely of Iron. For
it is likely enough that different Metals and other
bodies may arrive at their fhining heats in different
degrees. 8

~ But Iron muft be vaftly heated beyond this to
have the character of being red hot. Before it can
thine brifkly even in the dark it muft be at gr. 752 %,
And yet then it has no perceptible fplendor in the
twilight, And itis nottill the heat arrive at gr.
88, that bodies fhine diftinétly in the twilight im-
mediately before fun-rifing or after its fetting + 5
but not at all or very obfcurely in firong day light.
And agreeable hereto we find among Dr. Aduffchen-

+EfM. on the Heating and Cooling of Bodies, § 3, &,
1 Phil. Tranf{ Ibid. p. 3. '
* TIbid.
4 Ibid,

broek’s
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brock’s experiments 1 an Iron Rod heated, but not
reddened in the fire to have been lengthened 276
degrees of his Pyrometer; which falls on gr.

ﬂf-):;go+3g=) 969 in our fcale.

In Sir Jfzac’s reckoning the heat of a fmall pit

coal fire unblown and of Iron heated red hot in

it was gr. (E’Ejﬁ_"q—g’zz) 1049 tt- And a rod bf

34
Stect heated in the fire tll it was red, Dr. Muff-
chenbroek + found to be lengthened 3064 of his de-
grees ; and confequently to have been heated to

our gr. (E%I—Bq-}-g z:)mpg: you fee not differ-
ing much from Sir Ifaac’s heat.of a fmall pit coal-

five. _
But he * gives out the heat of a {mall wood firs

as greater, amounting perhaps to his gr. 200 or
210 3 which is our gr. (1—15-3&;;83-%-32:) 1408. And
a greater fire he ju {tly reckons hotter {till, efpeci-

ally if blown with bellows. .Copper fhining hot
from the fire Muffchenbrock ** lengthened 392 di-

. . 392 % 180
vifions, . that 1s. to our gr. (.—4-;;—-+3 2::)1 7Bk, A

t Tent. Exp Ac. Cim. Add. II. p. 47. 48
4+ Phil, Tranf. Ibid.

t:Tent, &c. Ibid. p. 48. 49+

* Phil. Tranf, Ibid.

%% Tent, &c, Ibid, p- 49. 50+
B3, And-
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And tobe fure Iron in reddening and melting takes
on a greater heat than copper.

This matter to be farther profecuted by experi-
ments.

VIII, Of the boiling Heats of Liquid and Melted
Bodies.

& very moderate degree of heat, no greater
than that of hot animals, is fufficient to generate
air bubbles in freth #ater. But to make it really
boil a vaftly greater heat is required. DBy the very
conftrultion of our Thermometers that happens
when the Mercury is raifed to gr. 212 : beyond
which Water is incapable of being heated in an
‘ordinary ftace of the atmofphere. Which circum-
ftance is to be underftood too of the Boiling Heats
of the other fluids we fhall have occafion to men~
tion.

Sea Water in boiling does not take on a heat fen-
fibly greater than common Water. But if the Wa-
ter be 2s ftrongly impregnated with Salt as it is ca-
pable of being, itis fulceptible of fome more heat,
Dr. Bocrbaave * found fuch a ftrong pickle boil up
to the heat of gr. 218.

A Lixive of Pot Afbes is heated to gr. 240 be.
foie it boils +. And the common Saline Spisits,

# Chem. I, p. 946.

4 Phil. Tranf, Abr. VL. 2, p. 18.
‘which
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which are ftrong folutions of volatilifed acid Salts
in water, bear this greator a greater degree of heat.
Spirit of Nitre comes to gr. 242 f. And I fup-
pofe Aqua Fortis, Spirit of Salt, &¢ are fufceptis
ble of much the fame. But oil of Vitriol, that
ftrongeft of all the Acid Spirits (and Oil of Sul-
phur per Campanam is much akin to it} goes to a
vaftly greater Hc:t-t, viZ. to gr. §46 +.

But the common true Oi/s require ftill 2 muche
greater heat to bring them to a boiling. It is true
Alco ol boils with the loweft degree of heat of any
liquor, to wit at gr 174 or 175 *; and Brandy at
about gr. 1go, as 1 have experienced. And Alco-
hol is but a thin Oil.  But then by the procefles of
Fermentation and BDiftillation it is fo much fubti-
lifed and attennated, as to become thinner, more
volatile, and eafiex boiled than Waier idelf; as
Lord Verulam too long ago obferved 1.

Thofe Qils that have any lentor in them: have a
much fironger cohefion of parts, and can. bear a.
much greater heat. “ Majorem calorem.defiderat
* ad hoc ut bulliat olenm, quam Aqua ; & tardi-
% us multo bullire incipit,” fays the fame Lord Ve-

1 Phil, Tranf. Abr. VL 2. p. 18,
4 Ibid, _
# Ibid. and Boerh. Chem. Y. p. 168. %45. 756
e ail :
3 Hilt, Denf. &c. p. 46.
rulam,

L o g
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rulam §  Oil of Turpentine is amongft the thin-

neft of all thefe, and yet in boiling it raifed the
Mercury in the Thermometer almoft to gr. 560 |
And hereabout I reckon the boiling heat of the o-
ther ordinary Volatile or Stillatitious Oils. Which
however as the boiling continues is always augmen-
ting ; the more volarile parts flying away, and leav-
ing the refidue thicker, ﬁrm}gﬁr, and fufceptible of-
greater heat ¥,

The Expreffed fixed Oils can take on ftill a great-
er heat, I find Mr. Fabrenkeit and Dr, Boe haave
fpeaking as if they and Quickfilver began to boil
at much the fame degree of heat, viz. about gr.
600 +. And in boiling they are fufceptible of ftill
a much greater heat than this before they burft
out into flame. Dr. Muffchenbrock has furnifhed

us with a method of judging of that heat indepen-

dently of the common Thermometers, from the
lengthening of Metals expanded in it; by which
the heat of boiling il came out confiderably high-
er than what is affigned to Mercury boiling. From
the freezing point he found { the elongation of an

§ Hilt. Denf. &c. p. 46.
| B rh. Chem. L. p. 747.
* Ibid. and p. 748. and Phil, Tranf, Ibid.

% Fahr. in Phil TPranf. Ibid. p. 18. 52. Boerh.
thid. p 165. 265. 291. 747- 748. 752. Muflchenb,
Efl. Phyf § 880, 952. 896.

1 Tent. Exp. Ac. Cim. Add. IL p. 20,
Iron





















