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PREFACE.

I T was the author's intention when this work was put

to press to publish it entire in one volume ; but he is

now induced to publish it in two parts, for reasons

which it may be proper to announce.

Various essays of his were read before the Literary

and Philosophical Society of Manchester, chiefly on

heat and elastic fluids, and were published in the 5tb

Volume of their Memoirs, in 1802, The new view*

which these essays developed, were considered both

curious and important. The essays were republished

in several Philosophical Journals, and soon after

tianslated into French and German, and circulated

abroad through the medium of the foreign Journals.

The author was not remiss in prosecuting his researches,

in which he was considerably assisted by the applica-

tion of principles derived from the above essays. In

1803, he was gradually led to those primary Law«,

which seem to obtain in regard to heat^ and to chemi-

cal combinations, and which it is the object of the

present work to exhibit and elucidate. A brief outline

of them was first publicly given the ensuing winter in

a course of Lectures on Natural Philosophy, at the

Royal Institution in London, and was left for publica-

tion in the Journals of the Institution ; but he is not

informed whether that was done. The author has

ever since been occasionally urged by several of his

philosophical friends to lose no time in communicating
the results of his enquiries to the public, alledging, that

the interests of science, and his own reputation, might
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suffer by delay. In the spring of 1 807, he was induced

to offer the exposition of the principles herein contained

in a course of Lectures, which were twice read in

Edinburgh, and once in Glasgow. On these occasiot^

he was honoured with the attention of gentlemen,

universally acknowledged to be of the first respectability

for their scientific attainments: most of whom were

pleased to express their desire to see the publication of

the doctrine in the present form, as soon as convenient.

Upon the author's return to Manchester he began to

prepare for the press. Several experiments required to be

repeated ; other new ones were to be made ; almost

the whole system both in matter and manner was to be

new, and consequently required more time for the

composition and arrangement. These considerations^

together with the daily avocations of profession, have

delayed the work nearly a year ; and, judging from the

past, it may require another year before it can be com-

pleted. In the mean time, as the doctrine of heat, and

the general principles of Chemical Synthesis, are in a

good degree independent of the future details, there

can no great detriment arise to the author, or incon-

venience to his readers, in submitting what is already

prepared, to the inspection of the public.

MAY, 1808.
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CHAP. I.

ONHEATOR CALORIC.

HEmost probable opinion concerning the

nature of caloric, is, that of its being an elas-

tic fluid of great subtilty, the particles of

which repel one another, but are attracted by
all other bodies.

When all surrounding bodies are of one

temperature, then the heat attached to them

is in a quiescent state ; the absolute quantities

of heat in any two bodies in this case are not

equal, whether we take the bodies of ec-ual

weights or of equal bulks. Each kind of

matter has its peculiar aflBnity for heat, by

which it requires a certain portion of the fluid,

in order to be in equilibrium with other bodies

at a certain temperature. Were the whole
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gjiantities of heat in bodies of equal weight or

bulk, or even the relative quantitieSy accu-

rately ascertained, for any temperature, the

numbers expressing those quantities would

constitute a table of specific heats, analogous
to a table of specific gravities, and would be

an important acquisition to science. Attempts
of this kind have been made with very con-

siderable success.

Whether the specific heats, could they be

thus obtained for one temperature, would ex-

press the relation at evefy other temperature,

whilst the bodies retained their form, is an

enquiry of some moment. From the experi-

ments hitherto made there seems little doubt of

its being nearly so ; but it is perhaps more cor-

rect to deduce the specific heat of bodies from

equal bfdks than from equal iveights. It is very

certain that the two methods will not give pre-

cisely the same results, because the expansions

of different bodies by equal increments of

temperature are not the same. But before this

subject can well be considered, we should first

settle what is intended to be meant by the word

temperature.
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SECTION 1.

ONTEMPERATURE,

And the Instruments for measuring it.

The notion of the specific heat of bodies

and of temperature, may be well conceived

from a system of cylindrical vessels of different

diameters connected with each other by pipes

at the bottom, and a small cylindrical tube

attached to the system, all capable of holding

water or any other liquid, and placed per-

pendicular to the horizon. (See Plate 1. Fig. 1.)

The cylinders are to represent the different

specific heats of bodies ; and the small tube,

being divided into equal parts, is to represent

the thermometer or measure of temperature.

If water be poured into one vessel it rises to

the same level in them all, and in the thermo-

meter ; if equal portions be successively poured

in, there will be equal rises in the vessels and

in the tube ; the water is obviously intended

to represent heat or caloric. According to this

notion, then, it is evident that equal incre-

ments of heat in any body correspond to equal

increments of temperature.

This view of the subject necessarily requires,

that if two bodies be taken of any one tempe-
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rature, and then be raised to any other tem-

perature, the additional quantities of heat

received by each will be exactly proportioned

to the whole quantities of that fluid previously

contained in them. This conclusion, though
it may be nearly consistent with facts in gene-

ral, is certainly not strictly true. For, in

elastic fluids, it is well known, an increase of

hulk occasions an increase of specific heat,

though the weight and temperature continue

the same. It is probable then that solids and

liquids too, as they increase in bulk by heat,

increase in their capacity or capability of re-

ceiving more. This circumstance, however,

might not affect the conclusion above, pro-

vided all bodies increased in one and the same

proportion by heat ; but as this is not the case,

the objection to the conclusion appears of va-

lidity. Suppose it were allowed that a ther-

mometer ought to indicate the accession of

equal increments of the fluid denominated

caloric, to the body of which it was to shew

the temperature ;
—

suppose too that a measure

of air or elastic fluid was to be the bodyj query,

"whether ought the air to be suflTered to expand

by the temperature, or to be confined to the same

space of one measure ? It appears to me the

most likely in theory to procure a standard

capacity for heat by subjecting a body to heat.
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whilst Us bulk is kept constanthj the same. Let

mz= the quantity of heat necessary to raise the

elastic fluid 10* in temperature in this case ;

then 771 -f- rf == the quantity necessary to raise

the same 10°, when suffered to expand, fi being
the difference of the absolute quantities of heat

contained by the body in the two cases. Now,
tV m= the quantity of heat necessary to raise

the temperature 1° in the first case ; but

T-V [m-i-d) can not be the quantity necessary in

the second case ; it will be a less quantity in

the lower degrees, and a greater in the higher.
If these principles be admitted, they may be

applied to liquids and solids ; a liquid, as wa-

ter, cannot be raised in temperature equally by

equal increments of heat, unless it is confined

within the same space by an extraordinary and

perhaps incalculable force ; if we suffer it to

take its ordinary course of expansion, then,

not equal, but increasing increments of heat

will raise its temperature uniformly. If suffi-

cient force were applied to condense a liquid
or solid, there can be no doubt but heat would
be given out, as with elastic fluids.

It may perhaps be urged by some that the

difference of heat in condensed and rarefied

air, and by analogy probably in the supposed
cases of liquids and solids, is too small to have

sensible influence on the capacities or affinities
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©f bodies for heat ; that the effects are such,
as only to raise or depress the temperature a

few degrees ; when perhaps the whole mass

of heat is equivalent to two or three thousand

such degrees ; and that a volume of air sup-

posed to contain 2005° of temperature being
rarefied till it become 2000°, or lost 5° of tem-

perature, may still be considered as having its

capacity invariable. This may be granted if

the data are admissible ; but the true changes
of temperature consequent to the condensation

and rarefaction of air have never been deter-

mined. I have shewn, (Manchester Mem.
Vol. 5, Pt. 2.) that in the process of admit-

ting air into a vacuum, and of liberating

condensed air, the inclosed thermometer is

affected as if in a medium of 50° higher or

lower temperature ; but the effects of instan-

taneously doubling the density of air, or re-

plenishing a vacuum, cannot easily be derived

from those or any other facts I am acquainted

with ; they may perhaps raise the temperature

one hundred degrees or more. The great heat

produced in charging an air-gun is a proof of a

great change of capacity in the inclosed air. —
Upon the whole then it may be concluded,

that the change of bulk in the same body by

change of temperature, is productive of con-

siderable effect on its capacity for heat, but
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that we are not yet in possession of data to

determine its effect on elastic fluids, and still

Jess on liquids and solids.. M. De Luc found,

that in mixing equal weights of water at the

freezing and boiling temperatures, 32° and 212",

the mixture indicated nearly 119" of Fahren-

heit's mercurial thermometer; but the numerical

mean is 122° j if he had mixed equal bulks of

water at 32° and 2 12°, he would have found a

mean of 115°. Now the means determined by
experiment in both these ways are probably
too high 5 for, water of these two temperatures

being mixed, loses about l-90th of its bulk ;

this condensation of volume (whether arising

from an increased affinity of aggregation, or

the effect of external mechanical compression,
is all one) must expel a quantity of heat, and

raise the temperature above the true mean.

It is not improbable that the true mean tem-

perature between 32° and 212° may be as low
as 1 10° of Fahrenheit.

It has been generally admitted that if two

portions of any liquid, of equal weight but

of different temperatures, be mixed together,
the mixture must indicate the true mean tem-

perature ; and that instrument which corres-

ponds with it is an accurate measure of tem-

perature. But if the preceding observations

be correct, it may be questioned whether any
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two liquids will agree in giving the same mean

temperature upon being mixed as above.

In the present imperfect mode of estimating

temperature, the equable expansion of mer-

cury is adopted as a scale for its measure.

This cannot be correct for two reasons; 1st.

the mixture of water of different temperatures
is always below the mean by the mercurial

thermometer ; for instance, water of 32° and

212° being mixed, gives 119" by the thermo-

meter ; whereas it appears from the preceding

remarks, that the temperature of such mixture

ought to be found above the mean 122°; 2d.

mercury appears by the most recent experi-

ments to expand by the same law as water j

namely, as the square of the temperature from

the point of greatest density.
—The apparently

equal expansion of mercury arises from our

taking a small portion of the scale of expan-

sion, and that at some distance from the free-

zing point of the liquid.

From what has been remarked it appears
that we have not yet any mode easily practi-

cable for ascertaining what is the true mean
between any two temperatures, as those of

freezing and boiling water ; nor any thermo-

meter which can be considered as approxima-

ting nearly to accuracy.

Heat is a very important agent in nature ; it
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cannot be doubted that so active a principle

must be subject to general laws. If the phe*
nomena indicate otherwise, it is because we
do not take a sufficiently comprehensive view
of them. Philosophers have sought, but in

vain, for a body that should expand uniformly,
or in arithmetical progression, by equal incre-

ments of heat; liquids have been tried, and
found to expand unequally, all of them ex-

panding more in the higher temperatures than

in the lower, but no two exactly alike. Mer-

cury has appeared to have the least variation*

or approach nearest to uniform expansion, and

on that and other accounts has been generally

preferred in the construction of thermometers.

Water has been rejected, as the most unequally

expanding liquid yet known. Since the publi-
cation of my experiments on the expansion of

elastic fluids by heat, and those of Gay Lussac,

immediately succeeding them, both demon-

strating the perfect sameness in all permanently
elastic fluids in this respect ; it has been ima-

gined by some that gases expand equally ; but

this is not corroborated by experience from

other sources.

Some time ago it occurred to me as probable,
that water and mercury, notwithstanding their

apparent diversity, actually expand by the

same law, and that the quantity of expansion
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is as the square of the temperature from their

respective freezing points. Water very nearly
accords with this law according to the present
scale of temperature, and the little deviation

observable is exactly of the sort that ought
to exist, from the known error of the equal
division of the mercurial scale. By prosecut-

ing this enquiry I found that the mercurial

and water scales divided according to the prin-^

ciple just mentioned, would perfectly accord,

as far as they were comparable ; and that the

law will probably extend to all other pure

liquids j but not to heterogeneous compounds,
as liquid solutions of salts.

If the law of the expansion of liquids be such

as just mentioned, it is natural to expect that

other phenomena of heat will be characteristic

of the same law. It may be seen in my Essay
on the Force of Steam (Man. Mem. Vol. 5,

Part 2.) that the elastic force or tension of

steam in contact with water, .increases nearly

in a geometrical progression to equal incre-

ments of temperature, as measured by the coni'

mon mercurial scale ; it was not a little sur-

prising to me at the time to find such an ap-

proach to a regular progression, and I was then

inclined to think, that the want of perfect

coincidence was owing to inaccuracy in the

division of the received thermometer j but
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overawed by the authority of Crawford, who
seemed to have proved past doubt that the error

of the thermometer no where amounted to

mare than one or two degrees, I durst not

venture to throw out more than a suspicion at

the conclusion of the essay, on the expansion

of elastic fluids by heat, that the error was

probably 3 or 4**, as De Luc had determined ;

to admit of an error in the supposed mean,

amounting to 12%seemed unwarrantable. How-

ever it now appears that the force of steam in

contact with water, increases accurately in

geometrical progression to equal increments of

temperature, provided those increments are

measured by a thermometer of water or mer,

cury, the scales of which are divided accord-

ing to the above-mentioned law.

The Force of Steam having been found to

vary by the above law, it was natural to ex-

pect that of air to do the same ; for, air

(meaning any permanently elastic fluid) and

steam are essentially the same, differing only

in certain modifications. Accordingly it wz%

found upon trial that air expands in geometri-

cal progression to equal increments of tempe-

rature, measured as above. Steam detache«l

from water, by which it is rendered incapable

of increase or diminution in quantity, was found

by Gay Lussac, to have the same quantity ot
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expansion as the permanently elastic fluids.

I had formerly conjectured that air expands
as the cube of the temperature from absolute

privation, as hinted in the essay above-men-

tioned; but I am now obliged to abandon

that conjecture.

The union of so many analogies in favour

the preceding hypothesis of temperature is

almost sufficient to establish it; but one remark-

able trait of temperature derived from expe-
riments on the heating and cooling of bodies,

which does not accord with the received scale,

and which, nevertheless, claims special con-

sideration, is, that a body in cooling loses heat

in pi^oportion to its excess of temperature above

that of the cooling medium ; or that the tem-

perature descends in geometrical progression

in equal moments of time. Thus if a body
were 1000" above the medium ; the times in cool-

ing from 1000° to 100, from 100 to 10,and from

10 to r, ought all to be the same. This,

though nearly, is not accurately true, if we

adopt the common scale, as is well known >

the times in the lower intervals of temperature

are found longer than in the upper ; but the new

scale proposed, by shortening the lower de-

grees, and lengthening the higher, is found

perfectly according to this remarkable law of

heat.
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Temperature then will be found to have four

most remarkable analogies to support it.

1st. All pure homogenous liquids, as water

and mercury, expand from the point of their

congelation, or greatest density, a quantity

always as the square of the temperature from

that point.

2. The force of steam from pure liquids,

as water, ether, &c. constitutes a geometrical

progression to increments of temperature in

arithmetical progression.

3. The expansion of permanent elastic

fluids is in geometrical progression to equal

increments of temperature.

4. The refrigeration of bodies is in geo-

metrical progression in equal increments of

time.

A mercurial thermometer graduated accord-

ing to this principle will differ from the ordi-

nary one with equidifferential scale, by having
its lower degrees smaller and the upper ones

larger ; the mean between freezing and

boiling water, or 122° on the new scale, will

be found about 1 10° on the old one. —The

following Table exhibits the numerical calcu-

lations illustrative of the principles inculcated

above.
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NEWTABLE OF TEMPERATURE.

True

equal
inter-

vals of

tempe-
Titure.

'75
- 68°

-5^
-48
-38
- 2»
- 18
- 8

s

13

63

7*
82

9^
10a
112
112

J3»
143

162

172
182

jgz
202
312

Roots,
or intet-

vals of

tempe-
rature,

com.dif

=.4103

43803
4 7908
5.2013
5.6118
6.0223
6.4328
68433
7.a338
76643
8.0748

84853
8.8958
9 3063
9.7108

10.1373
105378
10.9483
11.3588
n. 769^3

12.1798
la 5903
13 0008

«34"3
13.8218
i4.23«3
14.6428
•5°433
i5-463«
15*743

Mercury.
Same as

preceding
column,—40«
or Faren

heit's

scale.

312
41a
512
«I2

71"

'9-9793
24 0843
28.1893
3a 2943
336.399
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Explanation of the Table.

The first column contains the degrees of

temperature, of which there are supposed to

be 180 between freezing and boiling water,

according to Fahrenheit. The concurrence

of so many analogies as have been mentioned,

as well as experience, indicate that those de-

grees are produced by e<|ual increments of

the matter of heat, or caloric ; but then it

should be understood they are to be applied

to a body of uniform bulk and capacity, such

as air confined within a given space. If

water, fof instance, in its ordinary state, is to

be raised successively through equal intervals of

temperature, as measured by this scale, thea

unequal increments of heat will be requisite,

by reason of its increased capacity. The first

number in the column, —175", denotes the

point at which mercury freezes, hitherto mark-

ed —40°. The calculations are made for every

10° from —68° to 212"; above the last num-

ber, for every 100°. By comparing this column

with the 5th, the correspondences of the new
scale and the common one are perceived : the

greatest difference between S2° and 212° is

observable at 122° of the new scale, which

agrees with 110' of the old, the diflference
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being 12° ; but below 32° and above 212% the

differences become more remarkable.

The 2d and 3d columns are two series, the

one of roots, and the other of their squares.

They are obtained thus ; opposite 32°, in the

first column, is placed in the 3d, 72°, being
the number of degrees or equal parts in Fahren-

heit's scale from freezing mercury to freezing

water ; and opposite 2 1 2° in the first is placed
252° in the 3d, being 212 + 40°, the number

of degrees (or rather equal parts) between

freezing mercury and boiling water. The

square roots of these two numbers, 72" and

252°, are found and placed opposite to them
in the second column. The number 8.4853

represents the relative quantity of real tem-

perature between freezing mercury and free-

zing water; and the number 15.8743 repre-

sents the like between freezing mercury and

boiling water ; consequently the difference

7.3890 represents the relative quantity between

freezing water and boiling water, and 7.3890

-^ 18 =.4 105 represents the quantity corres-

ponding to each interval of 10°. By adding
.4105 successively to 8.4853, or subtracting it

from it, the rest of the numbers in the column

are obtained, which are of course in arithme-

tical progression. The numbers in the 3d

column arc all obtained by squaring those of
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the 2d opposite to them. The unequal dif-

ferences in the 3d column mark the expansions

of mercury due to equal increments of tem-

perature, by the theory. The inconvenient

length of the table prevents its being carried

down by ifitervals of 10" to the point of free-

zing mercury, which however is found to be

at —175°.

The 4th column is the same as the 5d, with

the difference of 40°, to make it conform to

the common method of numbering on Fahren-

heit's scale.

The 5th column is the 4th corrected, on

account of the unequal expansion of Glass :
—

The apparent expansion of mercury in glass

is less than the real, by the expansion of the

glass itself; this, however, would not disturb the

law of expansion of the liquid, both apparent

and real being subject to the same, provided

the glass expands equally ; this will be shewn

hereafter. But it has been shewn by De

Luc, that glass expands less in the lower

half of the scale than the higher ; this must

occasion the mercury apparently to expand
more in the lower half than what is dictated

by the law of expansion. By calculating

from De Luc's data, I find, that the mercury
in the middle of the scale, or 122°, ought to be

found nearly 3° higher than would be, were it
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not for this increase. Not however to over-rate

the effect, I have taken it only at r.7, making
the number 108% 3 in the 4th column, 110°

in the 5th, and the rest of the column is cor-

rected accordingly. The numbers in this

column cannot well be extended much beyond
the interval from freezing to boiling water, for

want of experiments on the expansion of glass.

By viewing this column along with the 1st, the

quantity of the supposed error in the common
scale may be perceived ; and any observations

on the old thermometer may be reduced to

the new.

The 6th column contains the squares of the

natural series 1, 2, 3, &c. representing the

expansion of water by equal intervals of tem-

perature. Thus, if a portion of water at

42" expands a quantity represented by 289, at

the boiling temperature, then at 52° it will be

found to have expanded I, at 62°, 4 parts, &c.

&c. Water expands by cold or the abstrac-

tion of heat in the same way below the point

of greatest density, as will be illustrated when

we come to consider the absolute expansion of

bodies. The apparent greatest density too

does not happen at 39°,3 old scale ; but about

42° ; and the greatest real density is at or near

36° of the same.

The 7th column contains a series of num-
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bers in Geometrical Progression, denoting the

expansion of air, or elastic fluids. The volume

at 32' is taken 1000, and at 212% 1376 accord-

ing to Gay Lussac's and my own experiments.

As for the expansion at intermediate degrees.

General Roi makes the temperature at mid-

way of total expansion, 1 I6°i old scale ; from

the results of ray former experiments, (Manch.
Mem. Vol. 5, Part 2, page 599) the tem-

perature may be estimated at 1 19°4 ; but I had

not then an opportunity of having air at 32%

By more recent experiments T am convinced

that dry air of 32' will expand the same qiian-

tity from that to 117° or 118° of commonscale,

as from the last term to 212°. According to

the theory in the above Table it appears, that

air of 117° will be 1188, or have acquired one
half its total expansion. Now if the theory ac-

cord so well with experiment in the middle of

the interval, we cannot expect it to do other-

wise in the intermediate points.

The 8th column contains the force of aque-
ous vapours in contact with water expressed
in inches of mercury, at the respective tem-

peratures. It constitutes a geometrical pro-

gression; the numbers opposite 32° and 212°,

namely, .200 and 30.0 are derived from ex-

periments, (ibid, page 559) and the rest are

determined from theory. It is remarkable that
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those numbers do not differ from the table

just referred to, which was the result of ac-

tual experience, so much as 2° in any part; a

difference that might even exist between two

thermometers of the same kind.

The 9th column exhibits the force of the

vapour of sulphuric ether in contact with

liquid ether ; which is a geometrical progres-

sion, having a less ratio than that of water.

Since writing my former Essay on the Force

of Steam, I am enabled to correct one of the

conclusions therein contained ; the error was

committed by trusting to the accuracy of the

common mercurial thermometer. Experience
confirmed me that the force of vapour from

water of nearly 2 1 2% varied from a change of

temperature as much as vapour from ether of

nearly 100°. Hence I deduced this general

Jaw, namely,
" that the variation of the force

of vapour from all liquids is the same for the

same variation of temperature, reckoning from

vapour of any given force." —But I now find

that 30° of temperature in the lower part of

the common scale is much more than 30° in

the higher: and therefore the vapours of ether

and water are not subject to the same change
of force by equal increments of temperature.

The truth is, vapour from water, ether and

other liquids, increases in force in geometri-
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cal progression to the temperature; but the

ratio is different in different fluids. Ether as

manufactured in the large way, appears to be

a very homogeneous liquid. I have purchased

it in London, Edinburgh, Glasgow and Man-

chester, at very different times, of precisely the

same quality in respect to its vapour ; namely,

such as when thrown up into a barometer

would depress the mercury 15 inches at the

temperature of 68°. Nor does it lose any of

its effect by time ; I have now a barometer

with a few drops of ether on the mercury, that

has continued with invaried efBcacy for eight

or nine years. The numbers in the column

between the temperatures of 20° and 80°, are

the results of repeated observations on the

above ether barometer for many years ; those

above and beloW are obtained from direct

experiment as far as from to 212° ; the low

ones were found by subjecting the vacuum of

the barometer to an artificial cold mixture ;

and the higher ones were found in the manner

related in my former Essays : only the highest

force has been considerably increased from

what I formerly had it, in consequence of

supplying the manometer with more ether i

it having been found to leave little or no liquid

when at the temperature of 212° ; and in order

to obtain the maximum effect it is indispen-
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sible to have a portion of liquid remaining
in contact with the vapour.

The 10th column shews the force of va-

pour from alcohol, or rather commonspirit of

wine, determined by experiment in the same

way as the vapour of water. This is not a

geometrical progression, probably because the

liquid is not pure and homogeneous. I sus-

pect the elastic fluid in this case is a mixture

of aqueous and alcoholic vapour*

SECTION 2.

EXPANSIONBY HEAT.

One important effect of heat is the expan-
sion of bodies of every kind. Solids are least

expanded ; liquids more ; and elastic fluids

most of all. The quantities of increase in

bulk have in many instances been determined;

but partly through the want of a proper ther-

mometer, little general information has been

derived from particular experiments. The
force necessary to counteract the expansion
has not been ascertained, except in the case

of elastic fluids s but there is no doubt it is

very great. The quantity and law of expan-
sion of all pernianeBt elastic fluids have alreadjr
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bcen'given ; it remains then to advert to liquid

and solid bodies.

In order to understand the expansion of

liquids, it is expedient to premise certain

propositions :

1st. Suppose a thermometrical vessel of glass,

metal, &c., were filled with any liquid up to

a certain mark in the stem ; and that it was

known the vessel and the liquid had precisely

the same expansion, bulk for bulk, with the

same change of temperature ; then it must be

evident upon a little consideration, that what-

ever change of temperature took place, the

liquid must remain at the same mark.

2. Suppose as before, except that both

bodies expand uniformly with the tempera-

ture, but the liquid at a greater rate than the

vessel ; then it is evident by an increase of

temperature, the liquid w^ould appear to ascend

uniformly a quantity equal to the difference

of the absolute expansion of the two bodies.

3. Suppose as in the last case, but that Ihe li-

quid expands at a less rate than the vessel ; the

liquid would then descend, and that uniformly

by an increase of temperature, a quantity equal
to the difference of the absolute expansions.

4. Suppose as before, only the vessel now

expands uniformly, and the liquid with a ve-

locity uniformly accelerated, commencing from
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rest ; in this case if temperature be added

uniformly, the liquid will appear to descend

with a velocity uniformly retarded to a certain

point, there to be stationary, and afterwards to

ascend with an uniformly accelerated velocity,

of the same sort as the former. —For, as

the velocity with which the liquid expands is

unifornrly accelerative, it must successively pass

through all degrees from to any assigned

quantity, and must therefore in some mo-

ment be the same as that of the vessel, and

therefore, for that moment, the liquid must ap-

pear stationary : previously to that time the

liquid must have descended by the third pro-

position, and must afterwards ascend, by the

2d. but not uniformly. Let the absolute

space expanded by the liquid at the moment
of equal velocities be denoted by 1, then that

of the vessel in the same time must be 2 j be-

cause the velocity acquired by an uniformly

accelerating force, is such as to move a body

through twice the space in the same time. It

follows then that the liquid must have sunk

1, being the excess of the expansion of the

vessel above that of the liquid. Again, let

another portion of temperature equal to the

former be added, then the absolute expansion
of the liquid will be 4, reckoned from the com-

mencement J and the expansion of the vessel



ON EXPANSION. 23

also 4 : the place of the liquid will be the same

as at first, and therefore it must apDarently
ascend 1 by the 2d portion. Let a third por-
tion of heat equal to one of the former be

added, and it will make the total expansion
of the liquid 9, or give 5 additional expan-
sion, from which deducting 2, that of the

vessel, there remains 3 for the apparent ex-

pansion by the 3d portion ; in like manner 5

will be due for the 4th, and 7 for the 5th, &c.,

being the series of odd numbers. But the

aggregate of these forms a series of squares,

as is well known. Hence the apparent expan-
sion will proceed by the same law as the real,

only starting from a higher temperature. If

the law of expansion of the liquid be such

that either the addition or abstraction of tem-

perature, that is, either heat or cold produces

expansion alike, reckoned from the point of

greatest density j then the apparent expansion
will still be guided by the same law as the

real. For^ if when the liquid is at the lowest

point of the scale, we withdraw a portion of

heat, it ascends to 1 ; or is in the circumstance

of greatest density, and no expansion as at

the commencement; if then we withdraw

another portion, it will expand 1 by hypothe-

sis, but the vessel will contract 2, which must

make the apparent expansion o£ the liquid 3 ;
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by another portion it will be 5, by another 7,

&c., as before.

The truth of the above proposition may be

otherwise shewn thus :

Let 1, 4, 9, 16, 25, &c., represent the ab-

solute expansions of the liquid, and /), 2 p,

3 p, 4 /?, 5 /;, &c., those of the vessel by

equal increments of temperature, then 1 —
•/?,

4—2p, 9—3/7, 16—4/7, 25 —5 p, &c., will

represent the apparent expansion of the li-

quid ; the differences of these last quantities,

namely 3—/;, 5—p, 7—p^ 9—p, &c., form

a series in arithmetical progression, the com-

mon difference of which is 2. But it is de-

monstrated by algebraists, that the differences

of a series of square numbers, whose roots are

in arithmetical .progression, form an arithme-

tical progression, and that the commondiffer-

ence of the terms of this progression is equal
to twice the square of the difference of the

roots. Hence, as 2 = twice the square of 1,

we have the above arithmetical series 3—p,

5—/), &c., equal to the differences of a series

cf squares, the common difference of the roots

of which is 1.

Now to apply these principles : solid bodies

are generally allowed to expand uniformly
within the common range of temperature : at

all events the quantity is so small compared
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with the expansion of liquids, such as water,that

the deviation from uniformity cannot require

notice in many cases. Water being supposed

to expand according to the square of the tem-

perature from that of greatest density, we may
derive the following conclusions.

Cor. 1. The laws of uniformly accele-

rated motion, are the same as those of the

expansion of water, whether absolute or appa-

rent, the time in one denoting the temperature

in the other, and the space denoting the ex-

pansion : that is, if ^ = time or temperature,

V =
velocity, and s =

space or expansion :

then,

/% or tvj or v^ are as s.

i tV:^ s

V IS as t

j- is as 2 ^ ^

s is as tf t being supposed constant, &c.

Cor. 2. The real expansion of water

from maximum density for any number of de-

grees of temperature, is the same as the ap-

parent expansion from apparent greatest den-

sity in any vessel for the same number of

degrees. For instance, if water in a glass

vessel appears to be of greatest density, or

descends lowest at 42° of commonscale, and ap-

pears to expand iV of its first volume from thenct
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to 212° ; then it may be inferred that the real

expansion of water from greatest density by

170° is Vt o^ i^s volume ; so that the absolute

expansion of water is determinable this way,

without knowing either at what temperature

its density is greatest, or the expansion of the

vessel containing it.

Cor. 3. If the expansion of any vessel

can be obtained; then may the temperature

at which water is of greatest density be ob-

tained ;
and vice versa. This furnishes us

with an excellent method of ascertaining both

the relative and absolute expansion of all

solid bodies that can be formed into vessels

Cc.pable of holding water.

Cor. 4. If the apparent expansion of water

from maximum density for 180° were to be

equalled by a body expanding uniformly, its

velocity must be equal to that of water at 90%
or mid-way. —And if any solid body be found

to have the same expansion as water at 10*

from max. density; then its expansion for 180*

must be ^ of that of water, &;c. Because in

water v is as t^ &c.

By graduating several glass thermometer

vessels, filling them with water, exposing
them to different temperatures, and comparing
results, I have found the apparent expansion
of water in glass for every 10° of the common
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or old scale (as I shall henceforward call it)

and the new one, as under.

EXPANSIONOF WATER.

LD SCALE.
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for 1804, Dr. Hope has given a paper on tlie

contraction of water by heat in low tempera-
tures. (See also Nicholson's Journal, Vol. 12.)

Jn this paper we find an excellent history of

facts and opinions relative to this remarkable

question in physics, with original experiments.
Tliere appear to have been two opinions res-

pecting the temperature at which water obtains

its maximum density ; the one stating it to

be at the freezing point, or 32° ; the other at

40°. Previously to the publication of the above

essay, I had embraced the opinion that the

point was S2°, chiefly from some experiments
about to be related. Dr. Hope argued from

his own experiments in favour of the other

opinion. IMy attention was again turned

to the subject, and upon re-examination

of facts, I found them all to concur in giving

the point of greatest density at the temperature

56", or mid-way between the points formerly

supposed. In two letters inserted in Nichol-

son's Journal, Vol. 13 and 14, I endeavour-

ed to shew that Dr. Hope's experiments

supported this conclusion and no other. I

shall now shew that my own experiments on

the apparent expansion of water in different

vessels, coincide with them in establishing the

same conclusion.

The results of my experiments, without
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those deductions, were published in Nichol-

son's Journal, Vol. 10. Since then some small

additions and corrections have been made.

It may be observed that small vessels, capable

of holding one or two ounces of water, were

made of the different materials, and such as

that glass tubes could be cemented into them

when full of water, so as to resemble and act

as a common thermometer. The observations

follow :

Water it»tionary. Con eeponding points

of expansion.

1 Brown earthen ware »t 38« at 32° & 44«

2 Commonwhite ware, and 7
^,^ ^^ & 48 -f

stone ware, 3

3 Flint glass
42 32 8c 521

4 Iron 42-1- 32 & 53—
5 Copper 45-|- 32 & 59

6 Brass 4-5| 02 & 60—
7 Pewter 4-6 32 & 60f

8 Zinc 48 32 & 64+
9 Lead 49 32 & 67

As the expansion of earthen ware by heat

has never before been ascertained, we cannot

make use of the first and second experiments

to find the temperature of greatest density ; all

that we can learn from them is, that the point

must be below 38°.

According to Smeaton, glass expands ttW
in length for 180° of temperature ; consequent-

ly it expands -^^ in bulk. But water expands
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*T,̂,7- or rather more than 1 8 times as much ;

theretore the mean velocity of the expansion
of water (which is that at 90% or half way) is

18 times more than that of glass, which is

equal to the expansion of water at 42° ; this

last must therefore be -^-^ of the former ; con-

sequently water of 42° has passed through

tV of the temperature to the mean, or -t^ of

90° = 5°, of new scale = 4° of old scale, above

the temperature at which it is absolutely of

greatest density. This conclusion however

cannot be accurate ; for, it appears from the

preceding paragraph that the temperature
must be below 38°. The inaccuracy arises, I

have no doubt, from the expansion of glass

having been under-rated by Smeaton ; not from

any mistake of his, but from the peculiar

nature of glass. Rods and tubes of glass are

seldom if ever properly annealed ; hence they
are in a state of violent energy, and often

break spontaneously or with a slight scratch

of a file : tubes have been found to expand
more than rods, and it might be expected that

thin bulbs should expand more still, because

they do not require annealing ; hence too the

great strength of thin glass, its being less brit-

tle, and more susceptible of sudden transitions

of temperature. From the above experiments
it seems that the expansion due to glass, such
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as the bulbs of ordinary thermometers, is very

little less than that of iron.

Iron expands nearly ^4t5- in length by 18Cr

of heat, or TFT in bulk ; this is nearly ^V of

the expansion of water; hence 90 -r- 12 = 7'§

of true mean temperature
= 6" of common

scale; this taken from 42°+, leaves 36° of

common scale for the temperature at which

water is of greatest density.

Copper is to iron as 3 ^ 2 in expansion;

therefore if 6° be the allowance for iron, that

for copper must be 9° ; hence 45°~ 9° =
36°,

for the temperature as before.

Brass expands about ,V more than copper j

hence we shall have 4-5°l —9°l = 36°, for the

temperature as above.

Fine pewter is to iron as 1 1 : 6 in expan-

sion, according to Smeaton ; hence 46° —
11°= 35°^ for the temperature as derived from

the vessel of pewter : but this being a mixed

metal, it is not so much to be relied upon.

Zinc expands TIT in bulk for 180°, if we

may credit Smeaton : hence water expands 5^

times as much as zinc ; and 90 -^ 5i- = 17° of

new scale = 13°^ of old scale ; whence 48° —
13°-|

= 34°1 for the temperature derived from

zinc. It seems highly probable that in ibis

case the expansion of the vessel is over-rated ;

it was found to be less than that of lead,
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whereas Smeaton makes it more. The vessel

was made of the patent malleable zinc of Hod-
son and Sylvester. Perhaps it contains a por-
tion of tin, which will account for the devia-

tion.

Lead expands ^^-^ of its bulk for 180°;

water therefore expands about 5$ times as

much ; this gives 90 -^ 51 = 16°! of new scale

= 13° of old scale ; whence 49* —13° = 36%
as before.

From these experiments it seems demon-

strated, that the greatest density of water is

at or near the 36° of the old scale, and 37° or

38° of the new scale : and further, that the

expansion of thin glass is nearly the same as

that of iron, whilst that of stone ware is y,

and brown earthen ware ^ of the same.

The apparent expansion of mercury in a

thermometrical glass for 180* I find to be .0163

from 1. That of thin glass may be stated at

.0037 = ir^, which is rather less than iron,

^<.^. Consequently the real expansion of mer-

cury from 32° to 212° is equal to the sum of

these = .02 or -^. DeLuc makes it, .01836,

and most other authors make it less ; because

they have all under-rated the expansion of

glass. Hence we derive this proportion,

0163 :
180° :: .0037 : 41° nearly, which ex-

presses the effect of the expansion of glass on
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the mercurial thermometer : that is, the mer-

cury would rise 41° higher on the scale

at the temperature of boiling water, if the

glass had no expansion.
—De Luc makes the

expansion of a glass tube from 32° to 212° =
.00083 in length, and from 32=" to 122° only

.00035. This inequality arises in part at least,

I apprehend, from the want of equilibrium in

the original fixation of glass tubes, the outside

being hard when the inside is soft.

Liquids may be denominated pure when

they are not decomposed by heat and cold.

Solutions of salts in water cannot be deemed

such ; because their constitution is affected by

temperature. Thus, if a solution of sulphate

of soda in water be cooled, a portion of the

salt crystallizes,
and leaves the remaining liquid

less saline than before; whereas water and

mercury, when partially congealed, leave the

remaining liquid of the same quality as before.

Most acid liquids are similar to saline solutions

in this respect. Alcohol as we commonly

have it, is a solution of pure alcohol in a

greater or less portion of water : and probably

would be affected by congelation like other

solutions. Ether is one of the purest liquids,

except water and mercury. Oils, both fixed

and volatile, are probably for the most part

impure, in the sense we use it. Notwithstand-
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ing these observations, it is remarkable how

nearly those liquids approximate to the law of

expansion observed in water and mercury.

Few authors have made experiments on these

subjects; and their results in several instances

are incorrect. My own investigations have

been chiefly directed to water and mercury ;

but it may be proper to give the results of my
enquiries on the other liquids as far as they

have been prosecuted.

Alcohol expands about ^ of its bulk for

180**, from —8 to 172°. The relative expan-
sions of this liquid are given by De Luc

from 32" to 212°; but the results of my expe-
riments do not seem to accord with his. Ac-

cording to him alcohol expands 35 parts for

the first 90°, and 45 parts for the second 90".

The strength of his alcohol was such as to fire

gun-powder : but this is an indefinite test.

From my experiments I judge it must have

been very weak. I find 1000 parts of alcohol

of .817 sp. gravity at the temperature 50° be-

came 1079 at the temperature 170° of the

common mercurial scale : at 110° the alcohol

is at 1039, or balf a division below the true

mean. AVhen the sp. gravity is .86, 1 find 1000

parts at 50° become 1072 at 170° ; at 110' the

bulk is 1035 +, whence the disproportion of

the two parts of the scale is not so much






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































