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V. dn Account of feweral Experiments made to ex-
amine the Nature of the Expanfion and Con-
traltion of Fluids by Heat and Cold, in order
to afcertain the Diwvifions of the Thermome-
ter, and to make that Infirument, in all places,
withont adjufting by a Standard. By Mr. Edm.
Halley, S. R. S.

alities, {uch as Heat and Cold, Moifture and
Dricels, and the like, are not otherwife to be efti-
mated, but by their Effect on the Quantity of fome body
they act on, encreafing or leffening the Dimenfions there-
of ; orelfe by the Motions they produce, both which
fubject them to Menfuration ; but it is ftill 2 Queftion
how to afcertain the proportional Heat or Cold, e.
that is between any two Climates or Seafons, {0 as to
conclude the one, for Example, twice as hot or twice as
cold as the other, tho’ the Inftruments now in ufé abun-
dantly fuffice to thew when the Temper of the Air is
the fame, and when it is Warmer or Ccoler. The
Reafon hereof is, that we know not the Caufes of the
Expanfion of Fluids by Heat, or of their Contraion
by Cold, as arifing from the Nature of their conftituent
parts, whichare (o far from being Objects of our Sence,
that they even furpafs our moft refined Reafonings, and
extort a Confeffion of our Ignorance after all our En-
deavours.  For the fame degree of Heat does not pro-
portionally expand all Fiuids 5 fome {welling with a gen-
tle Warmth, and others not till they be confiderably
Hot ; fome boiling with a mcderate Heat, and others not
at all. Some capable of great Expanfion, others en
creafing very little ; {o that it may well be concluded

that no one of them does encreafe and diminith in the
fame
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fame proportion with the Heat, and confequently thi
the Thermometers graduated by equal Parts of the Expan-
fion of any Fluid, are not {ufficient Standards of Heat or
Cold.

This will be more evident from the Experiments which
I made {fome time fince, with Water, Mercury, and Spi-
rit of Wine, wherein the following Particulars were ve-
ry remarkable.

I. I wook a large Bolt-Head, holding about 31 / of
Water, with a narrow Neck to make the Augment tiere-
of more fenfible ; and having filled it with Water, and
fome few Inches up the Neck, I noted exaétly to what
Mark the Water came ; then [ immerfed it into a Skillet
of warm Water, and let it ftand fo long, till T conclu-
ded the warm Water had communicated its Temper to
the Water included in the Bolt Head. And I found that
tho’ the Water were warm, much beyond the degree of
the Summers Heat, and notwithflanding it was Winter ;
yet that gentle Heat had {carce any effect in dilating the
Water, fo that it {carce appeared to have alcended in
the Neck of the Bolt-head. - Thea I took the Skillet and
fet it over the Fire, when it wasobfervable that the Wa-
ter as it grew hot did {lowly afcend in the Neck, efpeci-
eily at firft ; but after it began to boil in the Skillet, the
Expanfion thereof became more vifible, and it alcended
apace tili fuch time as it ftopped again, the utmoft Ef-
fort of Boyling Water being able toraife it no higher:
Then having made a Mark at the utmoft height whereto
it had arifen, ook it out, and had the f{atisfaction to
obferve, that though it was not raifed fo high without
a very ftrong boiling, yet it fubfided very flowly, as
retaining {ome time the fpace it had acquird from the
Hear, even aiter the Heat was pals’d, and the Glals was
{0 cool as to be touched without burning the Fingers.
However the next morning I found it reduced to the
firt Mark, wicre it ftood when at firlt put in, ha-
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ving foft nothing fenfible by Evaporation during the Ex»
perunent, wiiel [attribute to the length of the Neck
wherein the Vapors were condenfed into Drops before
they reached the Top. Then T examined how much
Water would raife that in the Neck to the Mark where-
to it had been encreafed by boiling, and found it was
a twenty fixth part of the bulk of the firft Water, which
upon repeeted Experiment I found to be true ; but it
was obvious that Water, encreafing fo very little with
all the degrees of Heat the Air receives from the
Sun, was a very improper Fluid to make a Zfermometer
withal; and Lefides, any freezing Liquor is ufelefs for
this purpoie in thefe Northern Climates.

ii. Itook a {maller Bolt-head with a proportional Cane
or Neck, and filled it, after the fame manner, with Mes-
cury, and having boiled it as above, Iobferved that 125
Ounces of Mercury had encreafed the {pace of 810
Grains, or a Seventy fourth part of its bulk when Cold.

ut it was very remarkable, that whereas a gentle Heat
had {carce any cffect on Water, here on the contrary, the
Hlercary did fenfibly afcend at firft,and had almoft attain-
ed its greateft Expanfion before the Water boiled in the
Skillet. And after it boiled, though 1let it ftand very
long over the Fire, I could not difcern that the moft
vehement boiling had any effe& on it, above what ap-
peared when it firft began to boil : The Mercary being
taken out, as it cooled {ubfided, andin a few Hours re-
turned to the Mark whereat it ftood before it was put in-
to the Water. This Fluid being {o fenfible of a gentle
Warmth, and withal not fubject to evaporate without a
good degree of Fire, might moft properiy te applied to
the Conftruction of Thermometers were its Expanfion
more confiderable.

However fmall asitis, it is fufficient to dilturb the
precife nicety of the Mercurial Barometers, fhewing the
counterpoife of the Preflure of the Atmofphere by a” Cy-
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linder of Mercaury ; for if Mercury be more expanded, and
confequently lighter in warm Weather than in cold, it
will neceffarily tollow, that the faine weight of Atao-
{phere will require a taller Cylinder in Summer, and a
fhorter in Winter to counterpoilc it. And if the Ex-
tremity of Weather do but occafion an rscth part dif-
ference, as’tis probable it doth, the effect thereof on a
Barometer will be a tenth of an Inch above and below
the Mean, or aFifth in all.

IIL I fil'd the {maller Bolt-head with Spirit of Wine,
and having fet it in the Skillet of Water over theFire, |
found that it afcended gradually as the Heat encreafed,
but flower at firlt, and fafter after it was well warm. At
length being arrived at a certain degree of Heat, it
would fall a boiling with great Violence, emitting Gub-
bles, which coming into the Neck of the Bolt-head,
would lift all the Incumbent Spirit, till they had made
their way through. And thefe {ucceeding one another
very faft, would often raife the Spirit to the top of rthe
Neck, and fpill it ; fo that I found I could go ro fur-
ther with this Liquor, than to that degree of Heat whick
occafion’d this boiling, and which wanted very much of
that of boiling Water, being almoft tolerable to the
Touch. It was however very remarkable how exactly
this degree of Heat was determin’d by the expanfion of
the Spirit, for in the inftant it reached a certain Mark on
the Neck, it began to emitits Bubbles : and having been
taken out a little to cool and {ubfide, it would certainly
and conftancty fall a bubling again, whenupon a fecond
Immerfion, it was arrived at the aforefaid Mark: During
this Experiment, it appeared botly by the Dew on the
Neck, and by the Scent in the Room, that tho’ the Neck
were about 30 Inches long, yet the Spirit did evaporate
very falt for the {mallnels of the Suriace of the Liguor
And ¥ have often noted the like Evaporations conden{ed in

La Dew



(654 )
Dew within the Head of the ordinary feal'd Zhermometers,
in very hot Weather.

This degree of Heat which made Spirit of Wine be-
gin to boil, peing determined {o nicely asI have faid,
made me conciude, that this might very properiy be ta-
ken for the Limit of the Seale of Heat1n a Zhermometer ;
and the effe@ thereof in the expanfion of any other Flu-
id being accurately noted, might be eafily transferred to
any fort of Thermometer what(oever. -Only it muft be
obferved, that the Spirit of Wine ufed to this purpofe be
highly rectified or dephlegmed, for otherwife the differ-
ing Goodnefs of the Spirit will occafion itto boil fooner
or later, and thereby pervert the defigned Exanefs.
And by the way give me leave to hint, that the {ooner
or later boiling ot Spirit or Spiritous Liquors may pofii-
bly be as good a Teft of their Strength and Perfe¢tion as
their Specific Gravity, or any other yet ufed.

The Spirit of Wine I made ufe of was pofiibly none
of the beft, but I obferved that at the point of boiling
it had encreafed a twelfth part in bulk : Which great Dy
atation makesit a Liquor {ufficiently adaptedto our pur-
pofe,were it not for the evaporation thereof ; and for the
difference in goodnefs of the Spirit ;and for that in length
of time it becomes as it were efiece, and lofes gradually a
part of its expanfivePower, as [ have been informed by
thofe who have long kept them.

All thefe Experiments were made in the Months of
February and March about Four Years fince, the Weather
Leing reafonably cold,and not freezing ; and fince I have
not hiad the opportunity to try the effect of extreme
>old in contractiog thefe Liquors, which muft be refer’d

bme fharp Winter prelent us with a Seafon proper
hee Trials.

Several other Liguors may be examined after this
manner, but thefe alledged may fuffice to fhew the dif
Sring Effeéts of Heat upon differing Fluids ; and ﬁ;‘a:

this
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this Power of dilating and contradting with Heat and
Cold is as {pecifically in them as their Gravity, Refracti-
on, &c. But in none is it comparably fo confpicuous as
inthar rare Elatick Fluid the Air ; for by feveral Expe-
riments that T have made, I find that the Heat of Summer
ioes expand the ordinary Air about a Thirtieth part;
and that late Honourable Patron of Experimental Philo.
fcphy, Mr. Boyle, in his Hiftory of Cold, 7Zir. 18. Pa-
rag. 8. pag. 475. alledges his own Trials, proving that
the force of the ftrongeft Cold in England does not con-
traft the Air above a zweatieth part : So that the Sum of
a twentieth and thirtieth part being a twelfth part, we
may conclude that the fame Air which is extream Cold
occupics twelve parts of fpace, in very hot Summer
Weather will tequire zhirteen {uch Spaces; which is as
great ant Expanfion as that of Spirit of Wine whea it
begins to beil : For which reafon; and for its being o
very fenfible of Warmth or Cold, and continuing to ex-
ert the fame Elaftick Power after never fo long being in-
cluded, in my Opinion it is much the moft proper kluid
for the purpofe of Thermometers.

Now the Thermemeters hitherto in ufe are of Two
forts ; the one fhewing the differing Temper of Heat
and Cold by the Expaafion of Spirit of Wine, the ather
by the Air; but Icannot learn that anyof them of cither
{ort were ever made or adjulted, {0 as it might be cen-
cluded, what the Degrees or Divifions of the faid Inftru.
ments did mearnr; neither were they ever otherwife gra-
duated, but by Standards kept by each particular Worke-
man, withoutany agrcement or reference o one anc-
ther: So that whatfoever Obfervations any curious Per-
{on may make by his Zhermometer, so fignifie the degree
of Heat in the Air or other thing, (which 15 of confiant
Ufe ia Philofophical Matters) cannor be underftood, un.
les by thofe who have by them Thermometers of the fame
Make and Adjultmen:.  Much. lefs has the way{heen
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fhewn how to make this Inftrument without a Standard,
or to make two of them to agree artificially without
comparing them together.

I thought to have finifhed this Difcourfe with fhewing
a Method of conftructing and regulating Thermometers
to the beft Advantage; but finding it neceflary to make
fome Experiments with more Curiofity than I bave yet
done, efpecizily upon the AirsExpanfions, I crave leave,
till one of the next Tranfa&ions, to inform my felf
more fully in the matter, being unwilling to leave to the
Trial of others, what perhaps 1 have better opportuni-
ty to examine my {elf, efpecially in what is moft diffi-
cult in this nice Affair - 1 fhall only propofe, that where-
as the ufual Zhermometers with Spirit of Wine, do {ome
of them begin their degrees from a Point, whichis that
whereat the Spirit ftands when it is {o cold as to freeze
Oyl of Annifeeds ; and others from the Point of begin-
ning to freeze Water : I conceive thefe Points are not fo
juftly determinable, but with a confiderable Iatitude:
And that the juft beginning of the Scales of Heat and
Cold fhould not be from fuch a Point as freezes any
thing, but rather from Temperature, {uch zsis in p'aces
deep under ground ; where the Heat of the Summer, or
Cold in Winter have (by the certain Experiment of the
curious Mr. Mariotte in the Grottoes under the Obferva-
tory at Parss) been found to have no manner of- ¢ffect.
Bur of this more hereafter.
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