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T5.6  Entropy and Disorder

Figure T5.7
The contents of which glass have the higher entropy?

microstates available to the system when the gas molecules are free to roam
over the entire container than there are when the gases are separated and
confined to their side of the valve.

So in many standard situations, increased multiplicity is indeed linked
with disorder. It is important to remember, however, that entropy is defined
in terms of multiplicity, not disorder. Increasing entropy does not necessarily
imply increasing disorder (at least visible disorder).

For example, consider the glass of crushed ice and the glass of water
shown in figure T5.7. Which of the two glasses has a higher entropy? The
crushed ice may look more disorderly; but since we have to add energy to the
ice to convert it to water, and since the multiplicity of virtually all macro-
scopic systems increases dramatically when we add energy, the multiplicity
(and thus the entropy) of the nice, orderly glass of water is much larger.

Another potentially confusing example is life itself. Life has been de-
scribed by some as being anti-entropic, because living things take unorganized
inorganic matter and transform it to the most intricate and complex order that
one can imagine. Is this not inconsistent with the law of increasing entropy?

Not at all! No creature is an isolated system. In fact, every creature releases
energy into its environment as it organizes matter. This energy causes the en-
tropy of the creature’s surroundings to increase far more than the creature de-
creases its own entropy by putting a few things in order. Indeed, thoughts in a
brain, movements of a muscle, growth, development, even evolution itself
should be considered examples of entropy in action. Sources of energy are
tapped by living things and ultimately dissipated into the environment, and
this natural, spontaneous flow of energy from being concentrated to dissipated
is cleverly tapped by organisms to help accomplish a little organization along
the way. The beautiful order of life is thus a manifestation of the dissipation of en-
ergy (and consequent increase in entropy of the universe) in much the same
way as the orderly ticking of a clock manifests the winding down of its spring.
Stars and galaxies form, the sun shines, tectonic plates move, volcanoes erupt,
storms form, and flowers bloom in the spring because all systems in the uni-
verse are evolving toward the macropartitions that maximize their entropy
(see figure T5.8). Every physical process in our daily life, whether associated
with growth or decay, increasing order or increasing disorder, is not merely corn-
sistent with the second law of thermodynamics: it is a consequence of that law.

There are some cases, then, in which the idea of entropy as disorder can be
misleading. Whenever there appears to you to be a contradiction between
the concepts of entropy as disorder and entropy as multiplicity, you should
remember that multiplicity is the more basic concept.
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In some cases, the link with
disorder is misleading

The basic meaning of entropy
is multiplicity, not disorder
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Figure T5.8
Entropy in action (the flowers, too).

TWO-MINUTE PROBLEMS

T5T.1 A hot object is placed in contact with a cold object. T5T.3 Consider a system comprised of two or more objects

Heat is observed to flow spontaneously from the hot
object to the cold object, but not in the other direction.
According to the argument in this chapter, this is so

in contact. The system’s total entropy in a given
macropartition is always equal to the sum of the
entropies of its parts (T or F).

because
A. This increases the entropies of both objects. T5T.4 10%2/10% = 100. What is In10%/In108°? (Select the
B. This decreases the entropy of the combined system. closest response.)
C. The system will tend to evolve toward macropar- A. 100
titions that have more microstates. B. 10
D.Aand C C. 4.6
E. Band C D.1.0

T5T.2 Consider a system whose multiplicity is always 1, no  T5T.5 Theentropy ofa certam'macropartition of acombined

matter how much energy you put into it. If you put a
very large amount of energy into such an object
(object A), and place it into thermal contact with an
Einstein solid (object B) having the same number of
atoms but much less energy, what will happen?

A. Energy flows from A to B until A has virtually no

system is 102ky. The entropy of another macroparti-
tion is 204k . How much more likely is the system to
be in the second macropartition than the first? (Select
the closest response.)

A. 2 times .

B. ¢ =74 times

energy. C. 10° = 100 times
B. Energy flows from B to A until B has virtually no D.e'% =2 x 10* times

energy. E. ¢!k ~ ¢0; the two macropartitions have basically
C. Energy flows from A to B until they have the same the same probability

energy.
D. No energy will flow between A and B at all. T5T.6 Which system has the greater entropy, a puddle of

E. Something else happens (describe).

water sitting on a table next to a chaotic scattering
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