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XXXVIIL. A Defcription of fome Thermo-
meters for particular Ufes. By the Right
Honourable the Lord Charles Cavendifh,
V.P. R.S.

Read June 30, HE thermometer (T'as. X1 fig. 1.}
57 is defigned for fhewing the great-
eft degree of heat, which happens in any place dur-
ing the abfence of the obferver. It confifts of a
cylinder of glafs joined to a tube, and differs from
common thermometers only in having the top of the
ftem drawn out into a capillary tube, which enters
into a glafs ball C, joined on to the fem at the
place where it begins to be contracted. The cylin-
der, and part of the tube, are filled with mercury;
the top of which fhews the common degrees of heat
as ufual. The upper part of the tube above the
mercury is filled with fpirit of wine, and fome of
the fame liquor is left in the ball C, fo as to fill it
almoft up to the top of the capillary tube.

Now when the thermometer rifes, the {pirit of

wine will be driven out of the tube, and will fall
into the ball C.  When the thermometer finks again,
as the {pirit cannot return back from the ball, the
top of the tube will remain empty, and the length
of the empty part will be proportional to the fall of
the thermometer. Therefore, by means. of a proper
fcale, the top of the fpirit of wine will thew Low
many degrees it has been higher than when obferved ;
which being added to the prefent height, will give
the greateft degree of heat. it has been at. r
o
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To fit this thermometer for a new obfervation, it
is neceffary to fill the upper part of the tube with
fpirits ; which may be done, by inclining the inftru-
ment till the {pirits in the ball C cover the end of
the capillary tube. For if the cylinder is then heated,
by applying the hand to it, ot by the flame of a
lamp held at fome diftance, till the {pirits rife to the
top of the tube and run over into the ball C, and is
then fuffered to cool in the fame pofition, the tube
will remain full of fpirits, and the thermometer wil.
be fitted for a new experiment.

The top of the capillary tube is made to ftand
pretty near to one fide of the ball, and alfo to the top
of it, that a lefs inclination of the inftrument may
be fufficient to make the fpirit of wine in the ball
cover the end of the tube.

The ball C is joined on as high as poffible, {o as
to hide no part of the tube, except that, where the
bore is contracted. By this means, the top of the
fpirit of wine begins to appear before the thermo-
meter has funk one degree.

It will be convenient to leave fome mercury in
the ball C, which may be made to cover the end of
the capillary tube, by inclining the thermometer
more than what is neceflary to make the fpirit of
wine cover it. By this means fome mercury may
be got back into the tube, in cafe any of it fhould
happen to be driven into the ball by the thermo-
meter’s being expofed to too great a heat.

The fcale of degrees at top, which fhews the de-
fcent of the thermometer from the higheft point it
has arrived at, ought not, in ftrictnefs, to be the fame
at all times of the year; for thofe degrees exceed

the
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‘the common degrees of heat pointed out by the top
of the mercury, as much as the column of {pirit of
wine expands, and therefore are greateft when that
column is fo; that is to fay, when the greateft heat
to which the inftrument has been expofed is leaft.
A difference of 30 degrees of Fahrenheit’s fcale, in
the greateft rife of the thermometer, would require
the fcale to be altered one fixtieth part: and the
error arifing from making ufe of the fame fcale will
be about one fixth of a degree, if the thermometer
is obferved when it has fallen ten degrees.

~In the inftrument here defcribed, the bore of the
tube is about 0.027 inches; and one inch of it con-
tains two grains of mercury, and an{wers to about
ten degrees, the cylinder containing about 2280
grains. If a much fhorter tube was made ufe of,
a confiderable error might arife from too great a
quantity of fpirits adhering to the fides of the tube,
in that part, which is filled with mercury; efpecially
when the thermometer rifes faft. This makes it ne-
ceflary to employ a cylinder of a confiderable big-
nefs, if it is defired to have the f{cale of degrees
pretty large.

If the weight of the mercury is thought inconve-
nient, it may be avoided by the conftrution de-
feribed in fig. 2. where the bottom of the tube is
bent {o as to point upwards, and is joined to a ball A,
which communicates with a cylider placed above it.
In all other refpes it is the fame as the inftrument
before defcribed.

It is filled with fpirit of wine and mercury; the
quantity of the latter being fufficient to fill the
whole tube and the ball A. N

o
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No part of the fpirit, with which the cylinder is
filled, can get into the tube, as long as the inftrument
is kept in an erect pofition, or even if it is carefully laid
down flat on a table. For tho’ in this laft cafe fome
of the f{pirits may get into the ball A, it will rife to
that part of the ball, which is then uppermoft, and
will not touch the orifice of the tube »; which was
the reafon for adding this ball, which would be un-
neceflary, if the inftrument was kept conftantly ere,
or nearly fo. If the fpirit thould come to touch the
orifice of the tube #, it would work up between the
mercury and the glafs; which would put the in-
ftrument out of order.

The thermometer fig. 3. is defigned for thewing
the greateft cold, which happens in any place during
the time the inftrument is left in it. The tube is
bent into the fhape of a fyphon of unequal legs ftand-
ing parallel to one another, the bend being at the
bottom. The top of the fhorter leg is bent to a
right angle, and immediately opens into a ball A,
which, by means of a fhort bent tube on the op-
pofite fide, communicates with a cylinder ftanding
parallel to the legs of the fyphon, and pointing
downwards. This cylinder contains the greateft
part of the fluid; and is added only to make the
thermometer more fenfible than it would be, if the
ball A was made of a fufficient bignefs to contain the
proper quantity of fluid, This inftrument is filled
with {pirit of wine, with the addition of as much
mercury as is fufficient to fill both legs of the
fyphon, and about a fourth or fifth part of the
ball A. '

The
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The common degrees of heat are thown by the
top of the mercury in the longeft leg, or by the top
ofP the fpirit, in cafe any of it is left above the mer-
cury.

\J)’Vhen the mercury in the longeft leg finks by
cold, that in the fhorter leg will rife, and will run
over into the ball A; from whence it cannot return
back when the thermometer rifes again, as the fur-
face of the mercury in the ball is below the orifice
of the tube #.  Therefore the upper part of the
thorter leg will be filled with a column of fpirits of
a length proportional to the increafe of heat; the
bottom of which, by means of a proper fcale, will
fhow how much the thermometer has been lower
than it then is ; which being fubftra®ed from the
prefent height, will give the loweft point that it has
been at.

If no further contrivance was ufed, the mercury
would fall into the ball A in large drops; which
would make the inflrument lefs accurate. For the
thermometer’s beginning to rife immediately after a
drop is fallen, or juft as it is going to fall (in which
cafe it will return back into the tube), will make a
difference of fuch part of a degree nearly as that drop
anfwers to. To prevent this inconvenience, the to
of the fhorter leg, clofe to the ball, is contra&ed, by
being held in the flame of a lamp; and the paffage
is further ftreightened by a {olid thread of glafs placed
within the tube, and extending from the botiom of
the fhorter leg to the part near the ball A, where it
is moft contracted. By this means, as foon as any
fmall portion of mercury is got beyond the end of
the thread of glafs, it breaks off, and falls into the

ball
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ball in very fmall drops. This thread of glafs is
faftened by the heat given to the tube in making the
bend next to the ball. In order to fill the fhorter
leg with mercury, to fit the inftrument for a new
experiment, it muft be inclined till the mercury in
the ball covers the orifice of the tube #. The cy-
linder being then heated, the mercury will be forced
into the fhorter leg, and will run down the thread of
glafs in drops, which will {foon unite. By this means,
fuch a quantity of mercury muft be got into the
thorter leg, as, upon the cooling of the inftrument,
will be fufficient to drive all the fpirit of wine into
the ball with a lefs degree of cold than what the
thermometer is likely to be expofed to.

The ball A muift always have fome mercury in it,
but never enough to fill it up to the orifice of the
tube n. It muft therefore be made of fuch a fize,
as to contain all the mercury, which can come into
it from the tube without being too full. If it thould
happen to be made too fmall, fo as to be too full in
cold weather, any part of the mercury may eafily
be driven into the cylinder, and got back again into
the ball when wanted in warmer weather.

It will be better to leave a little of the {pirit abové
the mercury in the longeft leg; in which cafe the
top of the fpirit will thew the common degrees of
heat. For the filling the tube, {o as to leave none,
is attended with fome trouble ; and more of it will
be apt to get up there, if the inftrument thould hap-
pen to be held in an improper fituation, or if it be
kept in too warm a place without filling the fhorter
leg with mercury by the method above defcribed.
If too great a quantity thould get up, tho’ it would

Voui. 5o, Rr not
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not affet the fcale for the common degrees of heat,
it would however caufe fome error in the degrees on
the fhorter leg ; inafmuch as the expanfion of that
portion of {pirits, which has got up into the longer
leg, exceeds the expanfion of the mercury, which
mutt {upply its place. It may be got back at plea-
fure, by expofing the thermometer to fuch a degrec
of cold as will make the fpirit get beyond the bend
of the fyphon; for then it will run up along the
thread of glafs in the fhorter leg till it gets above
the mercury there. For this purpefe the point of o
degrees of Fahrenheit’s fcale thould be near the bend ;
by which means, any part of the {pirit of wine may
be got beyond it by an artificial cold ; and there will
be no danger of the whole getting beyond it by any
patural cold; in which cafe the air would get up
into the ball.

The fcale of degrees on the fhorter leg will, in
different feafons, be liable to an error of the fame
kind as that, which was explained in the firft-men-
tioned thermometer ; but in this it will be lefs con-
fiderable, as the fpace between the two fcales is filled
with mercury, whofe expanfion is about fix times
lefs than that of {pirit of wine,

In the thermometer, which ¥ have, the bore of
the tube is about 0.054 inches; and one inch of it
contains eight grains of mercury, and anfwers to
feven degrees of Fahrenheit’s fcale. The drops of
mercury, which fall into the ball A, anfwer to
about one eighth of a degree..

If inftraments of the nature of thofe above de-

feribed, were to be ufed for finding the temper of
the
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the fea at great depths, fome alteration would be
neceffary in the conftrution of them, principally
upon account of the great preflure of the water;
the ill effe&t of which can, I believe, be prevented
no other way, than by leaving the tube open. For
if the thermometer was made ftrong enough to refift
the preflure without breaking, yet it would be im-
poflible to be fure, that the figure of the glafs would
nrot thereby be altered, which fhould make the ex-
periment uncertain.

The inftrument for finding the greateft heat might
be made juft like that of fig. 1. only leaving the top
open. It is to be filled with mercury only, as is
alfo the lower part of the ball at top, but not near
fo high as the end of the capillary tube. The upper
part of that ball, being left open, will in a great
meafure be filled with the fea-water, which will be
forced into it by the preffure.

If this inftrument (the tube being quite full of
mercury) is plunged into any part of the fea, where
the heat is greater than that of the air above, part of
the mercury will be driven out of the tube; and,
upon bringing it into a colder place, the fea-water or
air in the ball will enter into the tube, and will fill
the fpace left by the mercury.

As this thermometer does net thow the common
degrees of heat, it muft be placed in a veflel of
water with another thermometer, and the fcale of
degrees at top will fhew how much the heat it has
been expofed to is greater than that of the water in
the veflel.

The fea-water getting into the glafs will corrode
the mercury, and thereby foul the glafs; which

Rr 2 will
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will make the experiment lefs exact: and therefore
it would be much more convenient, if the fea-water
could intirely be kept out ; which probably may be
done by tying a bladder full of air to the neck of
the ball C, which will contra&t by the preflure of
the water, without letting any of it get in.

If this can be done, the inftrument may be filled
with mercury and fpirits, juft like that at fig. 1. But
it would be more convenient to fill it with mercury
only : in which cafe it may be made with as {mall a
tube and ball as common mercurial thermometers :
or it may be filled with fpirits only. The inftru-
ment will thereby become much: lefs bulky ; which
lnlvill .compenfate the want of the common fcale of

cat.

It is better to put but little mercury into the ball
at top, for féar of its getting into the capillary tube
by the motion of the inftrument.

The thermometer for finding the greateft cold, if
applied to this purpofe, muft alfo be left open at top.
There is another incenvenience to be avoided ; which
is, that the mercury in the ball A, by the toffing of
the inftrument, might fometimes get into the thorter
leg of the fyphon ; which would fpoil the experi-
ment. To. prevent fuch an accident, the moft con-
venient conftru@®ion, which occurs to me, is that of
fig. 4. which differs from fig. 3. in having the ball A
omitted ; fo that the mercury running out of the
thorter leg will fall to the bottom of the cylinder,
and will not be fo liable to- get back into the tube by
motion. The eylinder is made to ftand not quite
parallel to the legs of the yphon, that the mercury

contained therein may mote eafily be brought to:
touch
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touch the end of the tube, in order to fit the inftru-
ment for a new experiment.

If, by means of a bladder, the fea-water can be
kept out of the glafs, this inftrument may be made
to thew the common degrees of heat ; but even then,
in order to render it lefs bulky, it may be better to
fupply the want. of them as in the laft inftrument.
The longer leg of the fyphon may in that cafe be
made as fhort as you pleafe ;. only making the ball B

~big enough to receive all the mercury, which may
be driven into it by heat.

If thermometers of this kind were to be fent u
into the air by means of a kite, they might be made
like thofe propofed for the fea ; but it would not be
neceflary to leave them: open.

As it would be defirable to make them as fmall as
poffible, they fhould be made fo as not t& thew the
common degrees of heat: and it would alfo, on
that account, be convenient to omit the thread of
glafs placed within the fhorter leg’ of the fyphon in
fig. 3. and 4. This thread of glafs is placed there
in order to make the mercury fall into the ball A.
fig. 3. or cylinder C. fig. 4. in fmaller drops, and alfo
to facilitate the filling the fhorter leg with mercury.
The latter purpofe may be anfwered by having a ball
blown towards the bottom of the fhorter leg, as
marked in fig. 4. at M : for as foon as the mercury
driven-out of the cylinder by heat gets to that ball,.
it will pafs by the fpirit of wine. The other pur~
pofe may probably be anfwered by having the tube:
contracted as much:as pofiible at .

In the foregoing inftruments the tubes made ufe
of were of a large bore, as moft of the errors in.

them.
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them would increafe by making ufe of {maller ones.
Poffibly lefs ones might be ufed without much in-
convenience. 'The chief advantage will be, the
making thefe thermometers more fenfible of the
changes of heat, than when large cylinders are ufed.
"This will be of fervice when the greateft degree of
heat or cold continues but a fhort time.

It is better to ufe plain fpirit of wine, than what
is tinged, which feems more apt to caufe a foulnefs
in the tube, and thereby makes the furface of the
mercury lefs well defined. I am induced to believe
fo, from obferving, that the portion of {pirits above
the mercury in the tube fig. 3. which at firft was
ftrongly tinged with cochineal, in fome months be-
came perfectly colourlefs, the tinging particles being
depofited in different parts of the tube, and caufing
a foulnefs there. The colour of the fpirits in the
cylinder does not appear to be altered.

The dark-fhaded part in the feveral figures repre-
fents mercury, ‘the dotted part {pirit of wine,
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