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Tab. 1.
Mittlere Temperatur o=D’/D-103 D-105
in °C
35,0 6,2 2,1
44.5 5,7 2.5
55,0 5,2 2,9

erwarten wére. PRIGOGINE 2 hat aus kinetischen Be-
trachtungen D’/D als Funktion von Temperatur und

3 R. J. BEARMAN, J. G. KiRkwooD u. M. Fixman, Adv. Chem.
Phys. 1,1 [1958].
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The current interpretation of heat is completely dif-
ferent from the earlier concept which was quite success-
ful at the beginning. Then, it was thought that heat
was a quantity which could be neither created nor de-
stroyed and that it was present in every material body.
A body should become hotter by absorption of heat and
expand, melt, vaporize or decompose, if the temperature
necessary for these processes is reached !~ On this
basis, BLACK explained the existence of latent heats 3,
CARNOT calculated the effective work of ideal heat
engines 4, CLAPEYRON found the connection between
vapor pressure and heat of vaporization ® and THOMSEN
developed the first material-independent definition of
temperature 7. In spite of their success, these interpre-
tations were in opposition to several experimental re-
sults showing that heat was obviously produced by con-
sumption of work. These facts indicated a relationship
between the two quantities.

Crausius and THOMSEN succeded simultaneously in
explaining the experiments by developing their abstract
theory assuming the equivalence of heat and work & 9.
This hypothesis, missing the simplicity and elegance of
the older view 19, diplaced at first only slowly, but later

1 J. H. LaAMPERT, Pyrometrie, Haude & Spener-Verlag, Ber-
lin 1779.

2 J.S.T.GEHLER, Physikalisches Worterbuch, Vol. 2, Schwik-
kert-Verlag, Leipzig 1789, S. 210.

3 J. BLack, Vorlesungen iiber Grundlehren der Chemie,
Hoffmann-Verlag, Hamburg 1804.

4 S, CarNOT, Betrachtungen iiber die bewegende Kraft des
Feuers (from 1824); Ostwalds Klassiker, Vol. 37, Engel-
mann-Verlag, Leipzig 1909.

5 R. Crausius, Abhandlungen iiber die mechanische Wirme-
theorie, Verlag Vieweg, Braunschweig 1864, S. 297.

6 E. CLAPEYRON, Abhandlungen iiber die bewegende Kraft
der Wirme (from 1834); Ostwalds Klassiker, Vol. 216,
Akademische Verlagsgesellschaft, Leipzig 1926.
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Verdampfungswdrmen der reinen Substanzen darge-
stellt. Diese Formel gibt allgemein das richtige Vor-
zeichen des Effekts, kann aber die absolute GroBe nur
ungefdhr wiedergeben.

BeEARMAN, KIRKkwoOD und FIXxMAN 3 haben aus sta-
tistischen Uberlegungen D’/D als Funktion von partiel-
ler Verdampfungswirme, Molvolumina und Selbstdiffu-
sionskonstanten ermittelt. Jedoch bleibt in der Formel
ein Paarpotential bestehen, was den Vergleich mit Ex-
perimenten nicht leicht durchfiihren 1af3t.

2 1. PRIGOGINE, L. DE BROUCKERE u. R. AMAND, Physica 16,
577 [1950].

completely, all other concepts!! in explaining heat
phenomena.

It is remarkable that it turns out now, that only
small corrections of the old concept of heat would have
been sufficient to remove the contradiction with experi-
mental evidence. One only needs to replace the second
sentence of this paper by: “Heat is an indestructible
quantity present in all material bodies” and then, to-
gether with the energy principle in the form “work can
be neither created nor annihilated” ¥, one gets an axio-
matic system which can describe heat phenomena in an
equally favourable manner as the two principles of
Crausius. The theory developed from these two axioms
keeps the intuitive clearness and terseness of the older
theory of heat 2. In this paper, the development of this
theory from the basic hypothesis, as well as some spe-
cial results will be briefly described. It will turn out
that heat in this theory is entropy in the conventional
sense.

From the assumption that heat can be created but
not destroyed it can be deduced that it cannot be pro-
duced by reversible processes. If one wants to be sure
that the quantity of heat will not change during mea-
surement, one may demand the reversibility of all pro-
cedures. This is especially necessary for the transmis-
sion of heat to a calorimeter. In this case, conduction
of heat in a temperature gradient must be excluded,
but the use of a CARNOT process is possible. If one ob-
serves these precautions, the heat can — as is usual —
be measured calorimetrically or be defined by adequate
instructions for measurement. If one wants to be in-

7 S. F. MasoN, Geschichte der Naturwissenschaft, Kroner-

Verlag, Stuttgart 1961, S. 585.

R. CrAusius, Pogg. Ann. 79, 368 [1850].

E. MacH, Prinzipien der Wirmelehre, Verlag Ambr. Barth,

Leipzig 1900.

10 R. Craustus, Die Mechanische Wirmetheorie, Verlag Vie-
weg, Braunschweig 1887, S. 356 u. 361.

11 G. Jos, Sudhoffs Archiv 53, 378 [1970].

* More exactly: work can neither be created nor annihilat-

ed without consuming or producing an equivalent (delay

of a moving body, lowering of a weight, alteration of a

charge distribution, consumption of fuel etc.).

G. JoB, Anschauliche Wirmelehre (yet unpublished).
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dependent of a special temperature scale, ice calori-
meters can be used, as was suggested and practised by
some past and modern authors 13715,

Temperature can be best defined as “heat potential”
analoguous to THOMSEN’s definition in 1848 7. Accord-
ing to this definition, the temperature difference 77" — T~
between two bodies (”) and () is given by the work
dW, necessary for the transport of a small heat quan-
tity dS from (') to(”)

T —T' =dw/dS.

The yield of work W of a heat engine working between
two heat reservoirs at constant temperature, directly
results from the above definition

W=S(T" -T) =S T"-§T,

i. e. as the product of the transmitted quantity of heat S
and the “potential difference” 7" —7" or from the dif-
ference of the “potential energy” of S in both reser-
voirs. The quantity T can — without contradiction —
also be interpreted in the sense of the old views of
LAMBERT !, PICTET 1® and certainly, too, of CARNOT 17.
According to these authors, temperature can be thought
of as a tension pressing upon the heat since it is the
driving power of the heat flow. Against this tension,
heat can be pressed into a body (i. e. the quantity dS)
only by consumption of work (7' dS).

The absolute value of the temperature of a body can
be found if one determines the work dWe necessary for
the production of a small measurable quantity dSe.
Owing to the energy principle, the potential energy
T dW of the produced heat in the body has to be equal
to the work spent:

dW.=T dSe, and, therefore, T=dW./dS. .

If all heat is removed from a body, the temperature
drops to absolute zero.

For all processes where energy is released, it can be
collected as the “potential energy” of the produced
heat T S¢; therefore, Ec=T S.. Beyond that, energy
must be converted in this way if it cannot be consumed
otherwise. For example, this is true for the conduction
of electricity and also for the entirely analoguous pro-
cess of the conduction of heat where, by transmission
of the heat from a higher to a lower temperature, part
of its potential energy is set free. As assumed, heat is
indestructible and therefore such processes can only
proceed in one direction and only as long as all energy
surplus is consumed. A system remains in equilibrium
if there is no possibility that energy will be set free
and heat produced, respectively, for any virtual change
of state.

This is the basis on which the conception of thermo-
dynamics easily can be developed further, whereby that
point can be reached where its structure is congruous

13 A. L. Lavorsier and P. S. DELAPLACE, Zwei Abhandlun-
gen iiber die Wiarme (170 and 1784) ; Ostwalds Klassiker,
Vol. 40, Engelmann-Verlag, Leipzig 1892.

14 R, W. BunseN, Pogg. Ann. 141, 115 [1870].

15 W. PauLl, Thermodynamik und kinetische Gastheorie, Ver-
ein der Mathematiker und Physiker, Ziirich 1958.
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to those already known from other branches of physics.
Then, the dependence of the quantities can be under-
stood directly and can also be illustrated by means of
mechanical or electrical examples. Thus, to help de-
scribe the mutual dependence of the “work-coordina-
tes” and “forces” of a thermodynamic system, the com-
parison with an elastic body can be used. By a for-
malism developed for this conception (“Stiirzregel”),
one obtains easily the already qualitatively predictable
results in a quantitative form. Besides, this formalism
can be favourably applied to conventional thermo-
dynamics '8 using neither CARNOT cycles nor charac-
teristic functions.

It is remarkable that by the same way of thinking
and calculation, the dependence of those quantities
can be easily understood which are connected by the
principle of ONSAGER.

According to the suggestion made by THOMSEN with
respect to the heat, potentials can be introduced in a
similar way for the different substances. The difference
of the “substance potential” of a substance contained
in to bodies (") and () can be given by

dW/dn=r"—r

where dW is the necessary work needed for the trans-
fer of a small quantity of substance dn from (") to (”),
whereby certain precautions will have to be observed.
As this is true in case of the temperature, the “sub-
stance potentials” can be interpreted as tensions being
the driving forces for diffusion and flow processes,
chemical reactions and phase transformations. As long
as there are tension and potential differences, energy
can be set free and heat can be produced, respectively,
by substance transfer from places with higher r-values
to lower ones. Substance potentials can be absolutely
determined !® under certain circumstances. In order to
have the quantity dna of a substance A pressed into
a body, the work ry dna against the existing tension ra
has to be done. In case of a mixed phase, whereby, be-
sides volume and heat contents, the quantity of all com-
ponents can be varied by exchange with the surround-
ings, the alteration of their energy E is given by an
expression which is analoguous to the fundamental
equation of GIBBS, i.e. by the sum of the mechanical,
thermal and chemical work:

dE= —pdV+TdS+Xri-dn;.

A comparison with conventional thermodynamics
shows that the heat S can be identified with the en-
tropy and the heat potential with the absolute thermo-
dynamic temperature. Likewise, the substance poten-
tials r in bodies which are stationary and free from
external fields are identical with the chemical poten-
tials. Apart from the fact that many variables will no

16 E. MAcH, Prinzipien der Wirmelehre, Verlag Ambr. Barth,
Leipzig 1900, S. 128.

17 H. v. HELmHOLTZ, Vorlesungen iiber theoretische Physik.
Vol. 6, Verlag Ambr. Barth, Leipzig 1903, S. 207.

18 G. Jos, Z. Naturforsch. 25 a, 1502 [1970].

19 G. JoB, Vorschlag zur Vereinfachung thermodynamischer
Begriffshildungen (yet unpublished).
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longer be present in the new form, the type of the
quantities has not changed substantially in spite of the
different starting point. What has changed, however, is
their conceptional arrangement.

20 R. PoHr, Mechanik, Akustik und Wirmelehre, Springer-
Verlag, Berlin 1955, S. 231.
21 J. MEIXNER, cited in VDI-Nachrichten (19.7.1967), S. 1.
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The component 7 of the viscosity of ammonia increases in
an electric field. The effect depends on E?/p and tends to a
saturation value close to that found from measurements in a
magnetic field. In ammonia-helium mixtures the saturation
value of the effect decreases and becomes negative at an am-
monia concentration of about 40%.

The viscosity of NHy, ND3g and mixtures of NHjy
with helium and argon have been measured in a static,
homogeneous, external electric field with methods de-
scribed elsewhere for other polar gases!™3. Ammonia
is presented separately because of the very peculiar
properties arising from molecular inversion. A con-
sequence of inversion is that the effect depends on field
intensity E and pressure p in a very different way from
the other polar gases of symmetric top molecules, where
it behaves as a function of the ratio E/p.

The component 73 of viscosity * was measured by
means of a capillary bridge which was brought out of
balance by applying the electric field to two opposite
branches, thereby altering their Poiseuille resistance .
An Atlas MMM membrane micromanometer was used
to read the small pressure difference caused by such
unbalance. The main results are the following:

a) the viscosity increases in an electric field (this is
in contrast with all other gases studied so far, whose
viscosity decreases in an external field, but in agree-
ment with the behaviour of ammonia in a magnetic
field %) ;

b) the effect is a function of E2/p in the pressure
range studied (1.3 to 75 Torr for NHy, 1.2 to 4.4 Torr
for NDy), in agreement with theory 6.

For NHjy, where saturation cannot be reached be-
cause of the high fields required, it is possible never-

Reprint requests to Dr. F. Tommasing, Istituto di Scienze
Fisiche, Viale Benedetto XV, 5 — 16132 Genova (Italy).
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The advantage of the new concept can be chiefly
found in the fact that the abstractness and difficul-
ty 20722 of the energetic theory of heat and its extended
formalism will disappear.

22 A. MUNSTER, Chemische Thermodynamik, Verlag Chemie,
Weinheim (Bergstrafle) 1969, S. 2.

theless to estimate the saturation value to be .00032,
in surprisingly good agreement with the value found
by KORVING in a magnetic field®. For NDy, on the
other hand, it was possible to measure quite precisely
the saturation value, which is .00022, i. e. considerably
smaller. The reason why the measurements are easier
for heavy ammonia is that the fields required are pro-
portional to the square root of the inversion frequency,
which is 23.8 GHz in NH; and only 1.6 GHz in NDy 7.
The experimental points are shown in Fig. 1, where
theoretical curves ® are also plotted for comparison.
Points corresponding to different pressures all fall on
the same curve for each species. Since in the magnetic
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Fig. 1. A94/n, vs. E2[p for NHg and NDj . The curves refer to
the theory given in Ref. 6.

case the situation is much simpler and the relevant
cross sections can be extracted directly from the ex-
periments without relying too much on theoretical con-
siderations, the average cross section of 133 A 2 obtain-
ed by KORVING 5 has been used in drawing the theoreti-
cal curves. The curves are normalized to the saturation
value. The agreement in the field values is good, in-
dicating that the same collision processes are important
in the magnetic and the electric problem and also that
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