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Time’s Arrow and Entropy

K. Popper

Physicists since the late nineteenth century had speculated over the links between time,
thermodynamics and entropy. A related question, discussed by Erwin Schrodinger, is how life
on Earth seems to produce ever-increasing complexity, and therefore lower entropy. Here the
philosopher Karl Popper suggests that the mystery of increasing biological order may actually
have more to do with the cooling of the planet than with its perpetual warming by the Sun.
Popper argues that there does not appear to be any special link between the second law of
thermodynamics and either the nature of time or biological processes on Earth. Physicist Ilya
Prigogine, mentioned here, went on to propose a non-thermodynamic, quantum origin for the

“arrow of time”.

EVERAL vyears ago' I suggested that we should distinguish between two essentially
different ways in which energy can be degraded or dissipated: “Dissipation in the form
of increasing disorder (entropy increase) is one of them, and dissipation by expansion
without increase of disorder is the other. For an increase of disorder, walls of some kind
are essential: a sufficiently thin gas expanding in a ‘vessel without walls’ (that is, the
universe) does not increase its disorder.” Reasons for this view were given in the place

cited.

In order to explain this a little more precisely, I shall here introduce, following Prigogine?,
the term “system” to denote the (energy and material) “contents of a well-defined
geometrical volume of macroscopic dimensions” (so that, for example, an organism
enclosed by its skin, or our solar system as enclosed by a sphere round the Sun with a
radius of 10° light seconds, would be a “system”); and I shall speak of the “exterior”
of a system X as a region of space (leaving it open whether or not this is in its turn a
geometrically well-defined “system™) of which X forms a part.

Following Prigogine, I shall distinguish between (materially or at least energetically) “open”
and “closed” systems. (An energetically closed system is called “isolated”.) Moreover, I
shall call a system X “essentially open” if it is part of a system Y such that all geometrically
convex systems of which Y is a part are (at least energetically) open. (This definition makes
it possible even for an isolated system to be essentially open.)

I further call X “essentially open towards a cooler exterior” if X is enclosed by some
convex system Y such that: (@) all elements of any sequence Z; of convex systems of which
Y is a part are essentially open and of a lower average temperature than Y, and that (b)
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for every such system Z there is a system Z; which encloses Z; and which is not of a higher

average temperature than Z;.

The terminology here introduced makes it possible to clarify a number of points in
connexion with the second law of thermodynamics which seem in urgent need of

clarification.

Again following Prigogine®, we can split the change of entropy dSx in any system X into
two parts: dSx, or the flow of entropy due to interaction with the exterior of X, and dSy,
the contribution to the change of entropy due to changes inside the system X. We have, of

course:
dSx = dSy + dSx (1)

and we can express the second law by:
dSx =0 (2)

For an energetically closed (or “isolated”) system X, for which by definition dSy. = 0,
expression (2) formulates the classical statement that entropy never decreases. But if X is

open towards a cooler exterior:
dSx. <0 (3)

holds, and the question whether its total entropy increases or decreases depends, of course,
on both its entropy production dSy and its entropy loss dSy.

The fact that entropy can decrease in an open system X does not, of course, conflict
with the second law as given by expression (2). But the second law is often formulated in
a different way; for example, it is said that “if we...expand our system to include all the
energy exchange, it would be found that in the larger system the entropy had increased.
For example, to measure the entropy change taking place in living organisms as a whole,
it would be necessary to include in our system the Sun and some additional portion of the
universe, as well as the Earth itself ”*. Thus it is suggested that for sufficiently large systems
X of our universe, dSy = 0, so that the entropy always increases.

Yet, so far as our knowledge of the Universe goes, the precise opposite appears to be the
case. With very few and short-lived exceptions, the entropy in almost all known regions
(of sufficient size) of our universe either remains constant or decreases, although energy is
dissipated (by escaping from the system in question). This is so, at any rate, if we assume
that the law of conservation of energy is valid; and it is also so if we assume the “steady
state” theory of the expanding universe. (It is not so on the assumption of a finite and
non-expanding universe with non-zero energy density.)
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