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ART. XXXIX. ON AN ABSOLt;TE THERMOMETRIC SCALE FOUNDED 

ON CARNOTS THEORY OF THE MOTIVE POWER OF HEAT-, AND 

CALCULATED FROM REGNAUL~S OBSERVATIONSt. 

THE determination of temperature has long been recognized as 
~ problem of the greatest importance in physical science. It has 
accordingly been made a subject of most careful attention, and, 
especially in late yea.rs, of very elaborate and refined experimental 
researchest; and we are thus at present in possession of as complete 
a practical solution of the problem as can be desired, even for the 
most accurate investigations. The theory of thermometry is how
ever as yet far from being in so satisfactory a state. The ptinciple 
to be followed in constructing a thermometric scale might. at first 
sight seem to be obvious, as it might appear that a perfect thermo
meter would indicate equal additions of heat, as corresponding to 
equal elevations of temperature, estimated by the numbered divi
sions of its scale. It is however now recognized (from the varia
tions in the specific heats of bodies) as au experimentally· demon
strated fact that thermometry under this condition is impossible, 

• Published in 1824 in a work entitled Rfjlexioflll Bllr la Puissance Motrice d" 
Feu, by M. S. Camot. Having never met with the original work, it is only through 
a paper by M. Clapeyron, on the Rame subject, published in the Journal de l'Ecole 
Polyteclmique, Vol XIV. 1834, and translated in the first volume of Taylor's ScientijU; 
MelllOin, that the Author has become acquainted with Camot's Theory.-W. T. 
[Note of Nov. 6th, 1881. A few months later through the kindness of my late 
oolleague Prof. Lewis Gordon, I received a copy of Carnot's original work and was 
thns enabled to give to the Royal Society of Edinburgh my .. Aocount of Carnot's 
theory" whioh is reprinted as Art. XLI. below. The original work has since been 
republished, with a biographical notice, Paris, 1878.] 

t An aoocunt of the first part of a series of researches undertaken by H. 
Begnault by order of the French Government, for ascertaining the various physical 
data of importance in the Theory of the Steam Engine, is just published in the 
Mhnoiru de l'Irutitut, of which it oonstitutes the twenty.first volume (1847). The 
aeoond part of the researches has not yet been published. [Note of Nov. 6, 1881. 
The oontinuation of these researohes haB now been published: thus we have for the 
whole series, Vol. I. in 1847; Vol. II. in 1862; and Vol. IlL in 1870.] 

: A very important section of Regnault's work iB devoted to tbis object. 
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and we are left without any principle on which to found an 
absolute thermometric scale. 

Next in importance to the primary establishment of an absolute 
scale, independently of the properties of any particular kind of 
matter, is the fixing upon an arbitrary system of thermometry, 
according to which results of observations made by different ex
perimenters, in various positions and circumstances, may be exactly 
compared. This object is very fully attained by means of thermo
meters constructed and graduated according to the clearly defined 
methods adopted by the best instrument-makers of the present 
day, when the rigorous experimental processes which have been 
indicated, especially by Regllault, for illterpreting their indications 
in a comparable way, are followed. The particular kind of ther
mometer which is least liable to uncertain variations of any kind 
is that founded on the expansion of air, and this is therefore 
generally adopted as tho stalllbrJ for the comparison of thermo
meters of all constmctions. Hence the Rcale whieh is at present 
employed for estimating temperature is that of the air-thermo
meter; and in accurate researches carc i::; always taken to reduce 
to this scale the indications of tIle instl'lul1eut actually used, 
whatever may be its specific cOllstruetion aIHI gracluatiou. 

The principle llCconling to which the coale of the air-thermo
meter is graduatul, is simply tIl at equal alht)lute expanHiolls of 
the mass of air or gas in the instnlll1Cut, ulIller n. COllstuut pressure, 
shall indicate equal differences of tllC numbers on the scalo; the 
length of a "degree" being determined by allowing a given number 
for the interval betwoen the freezing- and the boiling-points. Now 
it is found by Regnault that various thermometers, constructed 
with air under different pressures, or with Jiffcrent gases, give 
indications which coincide Stl closely, that, unless when certain 
gases, such as sulphurous acid, which approach the physical condi
tion of vapours at saturation, are made use of, the variations are 
inappreciable-. This remarkable Cil·clllllstance enllances very 
much the practical value of the air-thermometer; but still a 

• Begnault, Rtlation de. Experience" &c., Fourth Memoir, First Part. The 
differences, it is remarked by Regnault, woultl be much more sensible if the gradua
tion were effected on the Bupposition tbat the coefficients of expansion of the 
dilfereni gases are equal, instead of being founded on the principle laid down in the 
ted, according to which the freezing- and boiling·points are experimentally de
termined for each thermometer. 
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rigorous 8tandard can only be defined by fixing upon a certain 
gas at a determinate pressure, as the thermometric substance. 
Although we have thus a strict principle for constructing a definite 
system for the estimation of temperature, yet as reference is 
essentially made to a specific body as the standard thermometric 
substance, we cannot consider that we have arrived at an absolute 
scale, and we can only regard, in strictness, the scale actually 
adopted as an arbitrary series of numbered points of reference suf
jicientl.1J close fur the requirements of practical therllwmetry. 

In the present state of physical science, therefore, a question 
of extreme interest arises: Is there any principle on which an ab
solute thermometric scale can be fuullded? It appears to me that 
Carnot's theory of the motive power of heat enables us to give an 
affirmative answer. 

The relation between motive power and heat, as estn.blished 
by Carnot, is such that quantities of heat, and intervals of tempe
rature, are involved as the sole elements in the expression for the 
amount of mechanical effect to be obtained through the agency of 
heat; an(I since we have, independently, a. definite system for the 
measurement of (luantities of heat, we are thus furni!lhed with a 
measure for intervals according to which absolute differences of 
temperature may be estimatell. Tn make this intelligible, a few 
words in explanation of Carnot's theory must be given; but for a full 
account of this most valuable contribution to physical science, the 
rea.der is referred to either of the works mentioned above (the original 
treatise by ('arnot, and Clapeyrou's paper on the same subject. 

In the present state of science no operation is known by which 
heat can be absorbed, without either elevating the temperature of 
matter, or becoming latent and producing some alteration in the 
physical condition of tllC body into which it is absorbed; and the 
conversion of heat (or caIOl'ic) into mechanical etfect is probably 
impossible*, certainly undiscovered. In actual engines for ob-

• This opinion ~cemg to he nearly univcrsally hcld by those who have written on 
the subject. A contrary opinion hOWCH'r has been advocated by Mr Joule of 
Manchester; some vl'ry remarkable discovcries which he has made with reference to 
the generation of heat by the friction of fluids in motion, and some known experi
ments with magncto-electric machines, sccming to indicate an actual conversion of 
mechanical effect into caloric. No experiment however is adduced in which the 
converse operation is exhibited; but it must be confessed that as yet much is 
involved in mystery with reference to thl'se fundamental questiona of natural 
philosophy. 
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taining mechanical effect through the agency of heat, we must 
consequently look for the source of power, not in any absorption 
and conversion, but merely in a transmission of heat. Now 
Carnot, starting from universally acknowledged physical principles, 
demonstrates that it is by the letting down of heat from a hot 
body to a cold body, through the medium of an engine (a stea.m
engine, or an air-engine for instance), that mechanical effect is to 
be obtained j and conversely, he proves that the same amount of 
heat may, by the expenditure of an equal amount of labouring 
force, be raised from the cold to the hot body (the engine being in 
this case worked bac";wards); just as mechanical effect may be 
obtained by the descent of water let down by a water-wheel, and 
by spending labouring force in turning the wheel backwards, or in 
working a pump, water lOay be elevated to a higher level. The 
amount of mechanical effect to be obtained by the transmission of 
a given quantity of heat, through the medium of any kind of 
engine in which the economy is perfect, will depend, as Carnot 
demonstrates, not on the specific nature of the substance employed 
as the medium of transmission of heat in the engine, but solely 
on the interval between the temperature of the two bodies between 
which the heat is transferred. 

Carnot examines in detail the ideal construction of an air
engine and of a steam-engine, in which, besides the condition of 
perfect economy being satisfied, the machine is so arranged, that 
at the close of a complete operation the substance (air in one case 
and water in the other) employed is restored to precisely the same 
physical condition as at the commencement. He thus shews on 
what elements, capable of experimental determination, either with 
reference to air, or with reference to & liquid and its vapour, the 
absolute amount of mechanical effect due to the transmission of a 
unit of heat from a hot body to a cold body, through any given 
interval of the thermometric scale, may be ascertained. In M. 
Clapeyron's paper various experimental data, confessedly very 
imperfect, are brought forward, a.nd the amounts of mechanical 
effect due to a unit of heat descending a degree of the air
thermometer, in various parts of the scale, are calculated from 
them, according to Carnot's expressions. The results 80 ob
tained indicate very decidedly, that what we may with much 
propriety call eM 'lJalue of a degree (estimated by the me
chanical effect to he obtained from the descent of a unit of 
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heat through it) of the air-thermometer depends on the part of 
the scale in which it is taken, being less for high than for low 
temperatures -. 

The characteristic property of the scale which I now propose 
is, that all degrees have the same value; that is, that a unit of 
heat descending from a body A at the temperature '.r of this scale, 
to a body B at the temperature (T-lt, would give out the same 
mechanical effect, whatever be the number T. This may justly 
be termed an absolute scale, since its characteristic is quite in
dependent of the physical properties of any specific substance. 

To compare this scale with that of the air-thermometer, the 
values (according to the principle of estimation stated above) of 
degrees of the air-thermometer must be known. Now an expres
sion, obtained by Carnot from the consideration of his ideal steam
engine, enables us to calculate these values, when the latent heat 
of a given volume and the pressure of saturated vapour at any 
temperature are experimentally determined. The determination 
of these elemeQts is the principal object of Regnault's great work, 
already referred to, but at present his researches are not complete. 
In the first part, which alone has been as yet published, the latent 
heats of a given weight, and the pressures of saturated vapour, at all 
temperatures between 00 and 2300 (Cent. of the air-thermometer), 
have been ascertained; but it would be necessary in addition to 
kno,v the densities of saturated vapour at different temperatures, 
to enable us to determine the latent heat of a given volume at 
any temperature. M. Regnault announces his intention of insti
tuting researches for this object; but till the results are made 
known, we have no way of completing the data. necessary for the 
present problem, except by estimating the density of saturated 
vapour at any temperature (the corresponding pressure being 
known by Regnault's researches already published) according to 
the approximate laws of compressibility and expansion (the laws 

• This is what we might anticipate, when we re1lect that infinite cold must 
correspond to a finite number of degrees of the air-thermometer below zero; since, 
if we push the strict principle of graduation, stated above, Bufficiently far, we should 
arrive at a point corresponding to the volume of air being reduced to nothing, which 
would be marked as - 2780 of the scale ( - 100/·366, if ·366 be the coefficient of ex
pansion); and therefore - 2730 of the air-thermometer is a point which cannot be 
reached at any finite temperature, however low. 
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of Mariotte and Gay-Lussac, or Boyle and Dalton). Within the 
limits of natural temperature in ordinary climates, the density of 
saturated vapour is actually found by Regnault (Etudes Hygro
mltrig:ues in the Annales de Ohimie) to verify very closely these 
laws; and we have reason to believe from experiments which have 
Leen made by Gay-Lussac and others, that as high as the tem
perature 100° there can be no considerable deviation; but our 
estimate of the density of saturated vapour, founded on these 
laws, may be very erroneous at such high temperatures -as 230°. 
Hence a completely satisfactory calculation of the proposed scale 
cannot be made till after the additional experimental data shall 
have been obtained; but with the data which we actually possess, 
we may make an approximate comparison of the new seale with 
that of the air-thermometer, which at least between 00 and 100° 
will be tolerably satisfactory. 

The labour of performing the necessary calculations for effecting 
a comparison of the proposed seale with that of the air-thermo
meter, between the limits 0° and 2300 of the latter, has been kindly 
undertaken by Mr William Steele, lately of Glasgow College, now 
of St Peter's College, Cambridge. His results in tabulated forms 
were laid before the Society, with a diagram, in which the com
parison between the two scales is represented graphically. In the 
first table·, the amounts of mechanical effect due to the descent of 
a. unit of heat through the successive degrees of the air-thermo
meter are exhibited. The unit of heat adopted is the quantity 
necessary to elevate the temperature of a kilogramme of water 
from 0° to 10 of the air-thermometer; and the unit of mechanical 
effect is a metre-kilogram me ; that is, a kilogramme raised a metre 
high. 

In the second table, the temperatures according to the pro
posed scale, which correspond to the different degrees of the air
thermometer from 0° to 230°, are exhibited. [The arbitrary points 
which coincide on the two scales are 00 and 100°]. 

Note.-If we add together the first hundred numbers given in 
the first table, we find 135'7 for the amount of work due to a unit 
of heat descending from a body .A at 100° to B at 0°. Now 7!l 
such units of heat would, according to Dr Black (his result being 

• [Note of Nov. 4, 1881. This table (reduced from metres to feet) was repeated 
in my .. Account of Camot's Theory of the Motive power of Heat," republished as 
Article XLJ. below, in § S8 of which it will be found.] 
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very slightly corrected by Regnault), melt a. kilogmmme of ice. 
Hence if the heat necessary to melt a. pound of ice be now taken 
as unity, and if a. metre-pound be taken as the unit of mechanical 
effect, the amount of work to be obtained by the descent of a. unit 
of heat from 100' to 0° is 79 X 135'7, or 10,700 nearly. This is 
the same as 35,100 foot pounds, which is a. little more than tbe 
work of a. one-borse-power engine (33,000 .foot pounds) in a 
minute; and consequently, if we had a steam -engine working 
with perfect economy at one-borse-power, the boiler being at the 
temperature 100°, and the condenser kept at 0° by a constant sup
ply of ice, rather less than a pound of ice would be melted in a 
minute. 
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[Note of Nov. 4, 1881. This paper was wholly founded on Carnol's uncorrected 
theory, according to which the quantity of heat taken in in the hot part of the 
engine, (the boiler of the steam engine for instance), was 8upposed to be equal to 
that abstracted from the cold part (the condenser of the steam engine), in a 
complete period of the regular action of the engine, when every varying tem
perature, in every part of the apparatus, has become strictly periodic. The 
reconciliation of Carnot's theory with what is now known to be the true nature of 
heat is fully discussed in Article XLVIII. below i and in §§ 24-41 of that article, are 
shewn in detail the consequently required corrections of the thermodynamic 
estimates of the present article. These corrections however do not in any way 
affect the absolute scale for thermometry which forms the subject of tbe present 
article. Its relation to the practically more convenient icale (agreeing with air 
thermometers nearly enough for mOHt purposes, throughout the range from the 
lowest temperatures hitherto measured, to the highest that can exist so far as we 
know) which I ~ave subsequently, Dynamical Theory of Heat (Art. XLVlII. below), 
rart VI., §§ 99, 100; TranI. R. S. E., May, 1864: and Article • Heat,' §§ 35-38, 
47-67, Encyclopedia Britannica, is shewn in the following formula: 

8=100 logt -loll 273 
log a7a -log ~7a ' 

where 8 and t are the reckonings of one and the same temperature, according to my 
first and according to my second thermod,yDamic absolute scale.] 
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