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Book Reviews

Principles of Statistical Mechanics—The Information Theory
- Approach, Amnon Katz (W. H. Freeman and Co., San Francisco,
Calif., 1067, 188 4 iii pp., 36.300. Y

The introduction of any new method into seience sets up a tran-
gient which requires several years to damp out. There is an initial
overshoot of extravagant hopes and perhaps extravagant claims,
followed by an undershoet of denials from thoss who have a vested
interest in the previous state of affairs; and the ripples of overesti-

mation and underestimation continue as we gradually build up & -

collective experience in applying it. Eventually, we reach the point
where & sober reassessment is possible, and we can make objective
judgments sbout just what the method can accomplish for us, and
what it cannot. This point is seldom reached in less than ten years.

Wea hove all watohed with interest the large waves generated by
fhannon's odginal introduction of information theory in 1944; and
I think we would agree that, In their impact on engineering, the
ripples required shout twelve to fifteen yeams to damp out. A minor
transient was added to this in 1937, with the suggestion by this
reviewer that the principles of information theory eould be ap-
plied to problema of physics, lesding to a generalization and sim-
plification of the statistical mechanics of Gibba. The basic idea is
extremely simple: the probability distnibution over microsiates
which has maximum entropy subject to constraints repressnting
our macroscopic information about a system, provides the most
"honest" description of our state of knowledge about it; and so
predictions based on that distribution provide a useful form of
industive reasoning.

The rather tiny ripples generated by this have been running their
course largely in the areas of physics and mechanical engineering,
ind more recently in biclogy; and have perhaps not been evident
at all in electrical engineering (although I believe they will soon put
in Bn appearance there). In eny event, they have by no means died
gut, and we are only now approaching the point where sober re-
assessment can be attempted; perhaps we will have it by 1970,

Until this acher reassessment is an accomplished fact all exposi-
tions of the information theory approach to statistical mechanics
are of necessity provisional, incomplete, and in part incorrect; thay
are part of the ripples and not part of the mature subject. To say
this is in no way to deprecate them; for they represent necessary
stages on the way to maturity, just as a toddler must necessanly
stumble and fall & few times before learning how to walk, Every
worthwhile development in sefence must pass through such a phase;
and the book under review represents an important part of it.

In the preface, the author attempts to make an pesessment of the
maximum-tntropy principle in statistical mechanics, and coneludes:
“Informetion Theory mekes statistical mechanics a complete theory
by satting up rules for asking any question. It eontributes nothing,
howewer, to the technical problern of getting the snawer. At the
end of Chapter I, he continues, “What it does contribute is the
unification of all of statistical mechanics into one consistent and
well-defined theory."

I consider this & fair, if slightly Inaceurate, statement of the scope
of the method as it existed in 1958; and the book itself to be a sound
and useful exposition of the theory at that stage of its development.
It is, therefore, strongly recommended for any reader who wishes
to understand the beginnings of this theory, without having to read
tll of my own philosophical ramblings and false starts,

In 1938, the information theory approach could be justly elaimed
to be only a uaeful pedagogical trick, by which known results could be
dprived in a shorter and simpler way than previously, While this
dons is perhapa sufficient to justify its existence, it is clear that tha
real test of the method must be its ability to produce new results,
which had not been found by previous methods. More specifically,
the theory at that stage accomplished a unifitation of equilibrivm
statistical mechanics, but the proper generalization to noneguilib-

rium problems had not yet been foind ; and 30 the theory expounded
in this book is hardly & unification of all of statistical mechanics.

In faet, it required several more vears of mathematical explo-
ration and physical meditation befors this generalization was fnally
accomplished in 1963; and an essential principle for constniction
of nonequilibrium ersembles was found only in 1967, as described
in the Washington University doctorsl thesis of William C. Mitehell.
For & number of ressons, the 1963 development has not yet been
fully published; however, the underlying ideas and basic equations,
shorn of all unnecessary mathematical details, appear in the chapter
entitled, “Foundations of Probability Theory and Statistical MMe-
chanics,"” {in Delaware Seminar tn the Foundations of Physics, M.
Bunge, Ed. Berlin: Springer, 1967). We will note below to what ax-
tent this theory now does contribute to the “technical problem
of getting the answer,”

The first twa chapters of Katz's book provide a short intreduction
to the notions of statistical mechanics, and of entropy as an in-
formation measure., Unfortunstely, the discussion of entropy of a
continuous distribubion repeats & technical error which has now
persiated in the literature for twenty years. It is important that
this error be recognized and corrected, so let us dwell on 1t & bit.

Shannon gave the basie uniqueness theorem establishing the quan-
tity Hs = — X p: log ¢ s the information measure for a discrete
probability distribution. But in the comtinuous case he asimply
assumed, without any derivation, that the analogous expression was

i = — [ pla) log pla) d

and got into some trouble because H' lscks invariance under a
change of variables z = yir). In Shannon’s applications the trouble
was mingr, and did not affect the final conelusions, In the application
to statistical mechanics, however, use of H” leads to predictions
that depend eritically on the choice of variables we make.

Now, a5 this reviewer pointed cut in his 1962 Brandeis lectures
{in Statfstical Bhysics, K, W. Ford, Ed. New York: W. A. Benjamin,
The., 1963, ch. 4), in the absence of any more direct proof, the only
eriterion we have for finding the corrsct information measare in the
continuous case I8 to pass to the limit from a discrete distributien,
where Shannon's unigqueness theorem applies. If this limiting op-
eration is earried out in o aufficiently careful and general manner,
we find that the proper continuous information measure is not O,
but

H, = = [ o) log p(z)/m(x)] dz

where miz) is an “invariant messure’’ function, determined by the
limiting density of diserete points. H. is invariant under coordinate
trensformations, and it is euasily shown that, in maximum-entropy
inference based on H. not only our fnal conclusions, but also our
Lagrange multipliers and partition functions, are all invarisnt s0
that they acquire definite physical meanings.

In many sample spaces or -pararmeter spaces which are not the
result of any obvious limiting process, the proper invariant messure
can be found by methods of group theory; the group of coordinate
transformations which eonvert the problem into s physically equi-
valent one determines & functional equation whose solution is the
required miz). Application of statistical mechanics to systems where
the equations of motion are not of Hamiltonisa form canaot be
done at all until these points are recognized. The author's adherence
to H* leads to no definite theory of inductive inference; the resulting
formalism cannot be applied safely in any problem except the one
he considers, where the answers were already known.

Chapters 3-7 give the application of this principle to equilibrium
statisticel mechanica. This is all standard material, since in this
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case one is led to just the same equations already given b}; Gibbs
(even here, however, 83 was noted in the Brandeia lectures, but
not in this ook, the information theory viewpoint leads to a greater
flexibilily in our choies of the basie variables).

The only place where new results are possible i& in the extension
to nonéquilibrivm problems, where previously no definite, un-
ambiguous theory existed. However, the suthor's discussion of
small devistions from equilibrium (transport coefficients, ete.) in
Chapter &, is conducted in & way that owes nothing st all to the
information iheory appreach. It reproduces only the resulis which
had beets found by Onsager, Casimir, Green, Eirkwood, Callen,
Eubo, Mor, and others prior to 1958, and which made no use of
information iheory. A more complete account of this development
can be found in Ji. Knbo's lecturea (1858 Heulder Lechures in Theo-
retical Physies, Vol. 1, W. Brittin and L. Dunbam, Eds. New York:
Interseience 1059). At this peint, lat us turn back to that “‘tech-
nical problem of getting the answers."

In all of thia early work, one was troubled with the sc—called
“induction time" and ‘‘platesu’ phenomena. It was necessary to
carry out some kind of cosrse-graining, vsually s time or space-time
average, before equations of the desired phenomenological form
(diffusion current proportions] to density gradient, etc.) emerged.
In thiz work, one first set up an ensemble vaually ealled the “local
equilibriom' or “lrozen-state’’ ensemble, whicth deseribed spatial
variations of temperaturs, particle density, etc. But when we toy
to ealeilate the resulting Auxes (hest flow, ete.) or rates of relaxation
to equilibrium from this ensemble, we find to our dismay that the
rezult is identically zero.

Methematically, it was found necessary to integrate the equations
of motion forward for & short “induction time'’ before the irrevers-
ible process gets going; and uncertaioties sbout just how leng we
must integrate before reaching the conjectured “platean” wvalues
led o ambignities in the final formulaz for transport coefficients.
Perhaps even worse from a practical standpoint, the introduction
of coarse-graining has the consequence that one cannot trest gen-
ergl problems; but is limited to the quasi-stationary or long-wewe-
length limit. This has been & fameus diffieulty in the theory of
irreversible processes, well recognized for over twenty yvears.

It is precisely at this point thet the information theory approach
can make one of its most important contributions to the “technical
problem of geiting the answers.” The need for carrying out this
forward integration and cosrse-graining is, of course, merely a
symptom of the fect that the initially chosen ensemble did not cor-
rectly represent the physieal situation (or, more accurately stated,
the correct range of microstates) in which we have the irreversible
process. These operations are corrective messures which in some
way compensate far the error in the initial ensemble.

But, if the theory were correctly set up in the first place, such
artificial devices would not be necessary; the fluxes and tronsport
coefficients could be caleulated by direct quadratures over the
initial ensemble. Furthermore, instead of mutilating the formalism
by eosrse-graining in order to ohiain equations of & preconceived
phenomenological form, we could tell from the theory the exact
conditions under which this form is eorrect. However, before the
introduction of the information theory wiewpoint, nobody was
able to understand the exact nature of this error, much less how to
correct it; and it is not recopnized in this book.

Here is the secret, Recall that in the information theory approach,
we ara mven certain information and use the prineiple of maximwm
entropy to construct an ensemble corresponding to that information.
But, we can equally well reason in the oppesite divection; the en-
tirely new inzight into thizs problem is the realization that, given
any proposed cnsemble, it makes perfectly definite sense to ask,
“What 4z the information confained m thes ensemble?™ Tt 13 the same
as asking, “With respect {o which constrainis does this ensemble
have maximurn entropy™' To me, it iz one of the most beautiful
nspects of this theory that the mathematics works out so that the
answer can be read off immediately, by mere inspection of any
ensemble,
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As s00n as the problem was looked at in this way, the answes
was obvious 8t a glance; a wery essential piece of informatiog was
missing in the “frozen-state” ensemble. To restore it, one needs
to ineorporate information not only over a space region at one in.
stant of time, but over & space-fime region; and the partition functipy
gets generalized to a partltlon functional over functions defined
in this region. This insight into how to correct the “frozen-state”
ensemble had the effect of opening the fliood gates; immediately,
both old and new formulas for transport coefficients poured fmu
as fast as one could write, Because the forward integration was
done with, one could zpeeify the conditions under which Eubo's
formulas were exact; and g;hre corrections for other eonditions
Because the conrse-graining was done with, we were no longer e
stricted to quasi-stationsry processes like djﬁusmrn with equal ensa,
the formalism yielded general formulas for rapid processes such as
ultrasonie attenuation. Wilh further mathematical development,
I believe it will be pessible to find equally general treatments of
highly nonlinesr phenomens, such as shook waves.

It is in the areas just indicated that the real power of the infor-
mation theory approach i found. Until the full theory bas been
written up, and & few more applications worked out, an ohjective
nssessment of its usefulness and limitations will not be possible.

In summary, thiz book i= a useful inteoduction: but the reader
should be forewarned that the real justification of this approach
appears only in further developments that begin where this book
leaves off. Except for & few apparently original proofs, it contains
no actual results thet bad oot been published elsewhere; in most
cases prior to 1958 and in much more complete form. The serons
student of the subject will, therefore, be astonished, dismayed, and
handieapped by the failure to provide even a single reference. Thers
is not even any acknowledgement of the work—or indeed, the
existence—of (3ibbe and Shannon, who ereated the twe streams of
thought here fruitfully merged.
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