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ENTROPY: A PHILOSOPHICAL VIEW

SCIENCE AND THERMODYNAMICS

Having previously noted its strangeness and Bridgman's discomfort with its human scent, it
should be added that thermodynamics is more applied and goal-oriented than most of science. This has
been its character since its very beginnings deeply rooted in the study of heat engines and is attested
to by the fact that the vast majority of its practitioners are engineers interested in obtaining practical
results.

As an illustration of its applied nature, consider one of its major achievements, the
simplification of calculations involving aggregated heat effects. This is accomplished through the
concepts of standard state and formation reaction which allow the real process to be replaced by a
contrived computational path, containing hypothetical states, and a single step to which all chemical
effects and only chemical effects are assigned. The result of this is the tables of heats of formation that
are so useful to chemical engineers in making process calculations-- an outstanding example of data
reduction! Here it is obvious that thermodynamics is goal-directed and being employed to ends that
science would surely consider to be mundane and pragmatic, or even economic.

Thermodynamics does provide a framework for viewing certain phenomena, however, it is a
framework that is usually not particularly insightful and one that the practitioner has to learn to use.
Neither is the thermodynamic approach particularly insightful in terms of what are considered to be
fundamental quantities of scientific description: the masses and motions of molecules and the forces
between them. Instead, thermodynamics offers a calculation method based on precise relationships
involving well defined functions that are useful but of no intrinsic value.

While there is no question that thermodynamics is a part of science, it differs in that while
science seeks the ultimate explanation of phenomena, thermodynamics is content to deal with
phenomena in a way that is reliable and productive but not necessarily insightful. ~ Science is
considered to be the disinterested pursuit of knowledge and understanding; thermodynamics is a useful
and reliable tool for the exploitation of available knowledge. There is no better illustration of this
difference in approach and objectives than the ad hoc adjustments required to bring the quantum
statistical mechanical entropy into agreement with the thermodynamic entropy. The final result is a
quantum statistical mechanical entropy expressed in logical or human-scented terms.

If entropy is an intrinsic property of matter it should be expressible in terms of physical
quantities. Instead, we find that quantum statistical mechanical renderings of entropy are characterized
by the existence of logical terms that remind us of the presence of a human mind that is describing or
modeling the system. It would seem that it is only possible to describe entropy, a function with a
human scent, by including human or logical terms in the description. Thus, quantum statistical
mechanics consistently tells us that entropy is not an intrinsic property of matter but rather a function
whose definition is such that it can not be expressed in terms of purely physical properties such as
position, mass, and motion. The ad hoc adjustments necessary to bring the quantum statistical
mechanical entropy into agreement with thermodynamic entropy arise from a mismatch between the
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classical thermodynamic perspective which is utilitarian(or economic) and the quantum statistical
mechanical perspective which is idealized.

REALMS OF PERFECTION

The differences between the thermodynamic approach and the approach of modern science as
employed by quantum statistical mechanics are illustrated in Table 1 where the two basic models are
compared. While it is often stated that the results of thermodynamics do not depend on the validity of
models, in Table 1 the term model refers to the rubric of thermodynamics itself and the view of Nature
or stance toward Nature implied by this rubric. For thermodynamics the particulars of this model must
be inferred from its rubric while for science in general the obverse procedure of deducing results from
a well-defined model is applied.
The Thermodynamic Model. The reversible process never occurs in Nature and is an idealization that
would require human assistance for its execution. This unnatural idealization owes its existence to the
human desire to obtain the maximum return from the utilization of physical processes. This is a view
of perfection in a temporal and economic sense; its scope is specific and its stance is practical. The
emphasis is on HOW TO accomplish a given task. The reversible process carries a strong human scent
and because the entropy is defined in terms of a reversible heat effect, it also is human scented.
Additionally, an entropy change can only be calculated by means of a reversible path devised by a
human mind. Entropy could not exist independently of the human mind.
The Model of Science. In contrast to the thermodynamic model, the model employed by quantum
statistical mechanics--molecules in motion--is totally independent of the presence of a human mind.
Here, molecules are continually on the move, colliding with each other and the containing walls, never
flagging, never wearing out, and never requiring any adjustment or assistance from the human quarter.
It is believed that all physical phenomena can be explained in terms of this model and, indeed, it has
been extremely successful. Its one notable failure is its application to entropy. Because entropy is
closely associated with the human mind, it is not surprising that it can not be described solely in terms
of molecules and their motions but requires quantities such as the number of accessible quantum states
which is a logical construct and not a physical attribute of the system. The incongruities surrounding
entropy should not be blamed on either classical thermodynamics or quantum statistical mechanics but
on the mismatch of their underlying models.

ARE THE LAWS OF THERMODYNAMICS STATISTICAL?

In the popular press one often sees the statement that the laws of thermodynamics are statistical
and that every-day processes that show a negative entropy change — e.g., the spontaneous occurrence
of atemperature gradient in a body previously at a uniform temperature — are not prohibited but rather
have a very, very small probability of occurrence. They could occur but no one has lived long enough
to have observed their occurrence. One often wonders why this distinction is made because the
witnessing and reporting of such an event would fall into the category of UFO reports. While this
question has no practical ramifications, it is nevertheless of philosophical interest. To state that the
laws of thermodynamics are statistical is tantamount to stating that quantum statistical mechanics
subsumes thermodynamics.

Of'the two laws of thermodynamics only the second has evoked claims of statistical grounding.
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The first law serves to define energy which is a basic concept of science. Energy is always conserved
regardless of the size of the system; no one ever states that energy conservation is a statistical concept.
The fact that quantum statistical mechanics arises from our most basic conception of matter and has
been successfully applied to the calculation of thermodynamic properties provides a strong argument
for the proposition that it subsumes thermodynamics. Additionally, the fact that the concepts and
methods of quantum statistical mechanics have also been successfully applied to calculations for non-
equilibrium processes and yield very good estimates of the transport coefficients increases our
confidence in its efficacy. No one could dispute the statement that quantum statistical mechanics is
obviously more general and more basic than thermodynamics. Yet, because quantum statistical
mechanics and thermodynamics are based on different and irreconcilable models of reality, one can not
say that the former subsumes the latter. Moreover, the claim that the second law is statistical or that
quantum statistical mechanics subsumes thermodynamics should not be taken seriously until the origin
of irreversibility has been identified.

THE ESSENCE OF ENTROPY

The first law describes Nature as it actually is although the distinction between heat and work
may be considered artificial or anthropomorphic. The second law, or rather entropy, the function
derived from it, does not describe Nature as it is but rather an idealized version of Nature. This applies
not only to direct applications of the second law, but to applications of the concept of equilibrium
which derives from the entropy. While it would be desirable to be able to describe the actual workings
of Nature, nevertheless, it is still quite useful to make calculations concerning this idealized, but
approachable, condition. And it is only in this context that an unambiguous interpretation of entropy
can be found: the total entropy change measures the lost work when a process falls short of this
idealized condition. Entropy reminds us that something we value has been lost— work. Carried into
the microscopic realm, the putative view is that order or information, each an anthropomorphic
quantity, is the lost valued commodity.

The anthropomorphic nature, or in Bridgman's words the unblushing economic tinge, of
thermodynamics should not be unexpected if we believe that Nature answers questions in a context
shaped by the questioner. When asked a question concerning the efficiency of a heat engine, a obvious
man-made system, the reply is in terms of entropy, a quantity that can not be cleansed of its human
tinge or economic taint. E.F. Schumacher has speculated on the nature of economics that might have
developed in a Buddhist society' — Buddhist economics. A similar speculation regarding
thermodynamics would be interesting. Could thermodynamics have developed only in a capitalistic
society? Could it have developed in a Buddhist or classical Greek society? How would these societies
have framed their questions to Nature?

The usefulness of entropy derives from the fact that it is a state function, however, this alone
should not be taken as evidence that entropy is an intrinsic property of matter. There are many possible
state functions that could be formulated from the thermodynamic variables U, S, 7, P, and V subject
to the condition of dimensional consistency, but few would argue that state functions such as U-PV or
U+TS are intrinsic properties of matter. An intrinsic property of matter would be totally objective with

"E.F. Schumacher, Small is Beautiful, Harper and Row, New York, 1973.
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no subjective component; it should be expressible in terms of things which are believed to exist
independently of the human mind. Although we have seen that both the thermodynamic and quantum
statistical mechanical entropy suggest the presence of the human mind, this does not mean that entropy
is a totally subjective quantity. It is objective enough that we can agree upon its definition and usage
which, after all, is all that is required by thermodynamics.

Born of the unnatural union of wish and reality, entropy is objective enough to be useful in
dealing with the physical world, but subjective enough that a purely physical interpretation is not
possible.

Table 1. REALMS OF PERFECTION

THE MODEL OF
MODEL PROPERTIES THERMODYNAMICS MODERN SCIENCE
Central Concept reversible process molecular motion
Bounds human scale ultra small
Scope temporal universal
Control human agent inaccessible
Perspective specific/practical universal/mechanistic
Orientation how to? how?




