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displayed in fig. 5 shows that our value for f agrees within th.e experir.nen.ta%l
error with theirs. Our measurements give thus a full experimental justifi-

cation of the model of Rice et al. in its form represented by eq. (5).

nts. We wish to express our gratitude to Dr. ].. | .M.
Fr:s:fl;l‘r‘ﬁll:é%?r\‘{'eitteveld and Mr. W. Martijn for th.eir help in designing
and constructing the pressure vessel. We are very mdebteai to Drls. J
Kragten, Miss N. Punt and Mr. A. P. Reyn‘aer.t for the chemical acr;a ]337515,
and to Prof. Dr. A. R. Miedema, Dr. C.‘]. Schinkel and Dr. F. R. de Boer

ir critical reading of the manuscript. o
fortT:i:“v:;:lt: was pa.;Itg of the research program of the “‘Stichting votmi
Fundamenteel Onderzoek der Materie” (Foundat:(?n fo'r Fundame;n al
Research on Matter) and was made possible by the hnancu_x.l supp;)rt m}?*
the “Nederlandse Organisatie voor Zuiver-Wetenschappelijk Onh erzoe
(Netherlands Organisation for the Advancement of Pure Research).

REFERENCES

1) Hamaguchi, Y., Wollan, E. O. and Koehler, W. C., Phys. Rev. 138 (1965) A 737.
2) Trego, A. L. and Mackintosh, A. R., Phys. Rt;v.s)l66 (1968) 495;
rego, A. L., thesis, lowa State University (1 6‘ -

3 ;m man, P. W., Proc. Amer. Acad. Arts and Sci. 68 (1932-1933) 27. -
4) Litvign D. F. and Ponyatovskii, E. G., Soviet Physics — Doklafdy 9 (1964) f3 2
5; Mifsui' T., Physics of solids under high pressure (Proc. of the first Int. Conf. on

the Physics of solids at high pressures, Tucson Arizona (1965) p. 213.
6) Mitsui, T. and Tomizuka, C. T., Phys. Rev. 137 (1965) A 564.
7) McWhan, D. B. and Rice, T. M., Phys. Rev. Letters 19 (1967) 846.
'8) Franse, J. J. M., thesis, Universiteit van Amsterdam (1969).

ies, C p i 8.

Vries, G. de, J. Phys. Radium 20 (1959), 143 . .

lg; K‘::ura. S l:‘Iama.guchi, Y. and Kunitomi, N., J. Phys. Soc. Japan 23 (1967) 171
is, S., Canad. J. Phys. 47 (1969) 1005.

:g m:hauser, A. W., Phys. Rev. 128 (1962) 1437; J. appl. Phys. Suppl. 34 (1963)

1019; Lomer, W. M., Proc. Phys. Soc. 80 (19621)4;8(91.966) s

‘ Martin, P. C., Phys. Rev. A -

:3} g?::e';s’;: AA\Ba?l::r j:, A. S., Halperin, B. I. and McWhan, D. B, J. a.ppl. Phys.

40 (1969) 1337

Rice, T. M., Halperin, B. 1. and McWhan, D. B., Proc. of the X1-th Intern. Conf.

on Low Temperature Phys. (St. Andrews, 1968), 1308.

Physica 47 (1970) 345-372 © North-Holland Publishing Co.

A RIGOROUS APPROACH TO A MARKOFFIAN. MASTER EQUATION

L. LANZ
Istituto di Fisica del’ Universita, Milano and Istituto Nazionale di Fisica Nucleare,
Sezione di Milano, Italia

L. A. LUGIATO
Istituto di Fisica dell’ Universitd, Milano, Italia

Received 28 July 1969

Synopsis

The part @o(t) of the statistical operator (or density function) which is relevant for
the description of macroscopic dynamics is treated. The few mathematical properties
of the solution of Zwanzig's generalized master equation which are important for the
deduction of a markoffian master equation for ®(f) are pointed out. On the basis of
such results the conditions under which markoffian macroscopic dynamics exists
are discussed. A comparison with the results of I. Prigogine’s school is finally made.

1. Introduction. In a previous paperl) we discussed the problem of the
approach to equilibrium for the macro-observables of an insulated macro-
scopic system.

The limit for £ — 400 of the solution of a generalized master equation
(G.M.E.) was proved to be given by the microcanonical ensemble; for this
result only very general mathematical properties of the Laplace-transformed
nucleus of the G.M.E. are relevant. One expects that this approach to e-
quilibrium is well described, at a macroscopic level, by a markoffian master
equation; this is a much more difficult problem to study, since it requires
a more detailed analysis of the dynamics of macro-observables.

In this paper we elaborate on some peculiar mathematical features of
the G.M.E. which make it possible for a macroscopic markoffian evolution
to exist. The main tool for this analysis is a systematic use of the spectral
representation of the relevant operators in a finite-dimensional Liouville-
space.

The mathematical results, obtained in sections 2 and 3, are discussed in
a less rigorous way in section 4 and some physical consequences are obtained.
The main conclusion is that a markoffian behaviour exists if a suitably
defined characteristic time 7¢ is microscopic with respect to the time scale
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