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Removing the entropy from the definition of
entropy: clarifying the relationship between
evolution, entropy, and the second law of
thermodynamics
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Abstract

Misinterpretations of entropy and conflation with additional misunderstandings of the second law of
thermodynamics are ubiquitous among scientists and non-scientists alike and have been used by creationis
basis of unfounded arguments against evolutionary theory. Entropy is not disorder or chaos or complexity or
progress towards those states. Entropy is a metric, a measure of the number of different ways that a set of o
can be arranged. Herein, we review the history of the concept of entropy from its conception by Clausius in
to its more recent application to macroevolutionary theory. We provide teachable examples of (correctly defi
entropy that are appropriate for high school or introductory college level courses in biology and evolution. Fi
we discuss the association of these traditionally physics-related concepts to evolution. Clarification of the
interactions between entropy, the second law of thermodynamics, and evolution has the potential for immed
benefit to both students and teachers.
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Background
It is perhaps apropos that the concept of entropy h
continuously picked up misunderstandings and misinte
pretations that have left the concept bloodied, beate
and unrecognizable. Although not immediately obviou
the inaccurate characterization of entropy weighs heav
in current events involving education, especially in n
tional and international debates involving the teachin
of evolution. As with the concept of entropy, the theor
of evolution by natural selection was originally propose
and has been refined primarily during the preceding tw
centuries (Figure 1). A common misinterpretation of th
concept of entropy, that all systems progress towar
more disorder, has been leveraged by those challeng
evolutionary science and the teaching of evolution
schools by asserting that thermodynamics falsifies evo
tion (for example, Morris 2000, Ross 2004, Yahya 20
(atlasofcreation.com)). Yet, much like the commonpla
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misinterpretation of Darwin’s theory of natural selection
as ‘survival of the fittest’, entropy is not ‘a progression
from order to disorder or chaos’. Rather, entropy is a
measure of disorder. The conflation of its inaccurate i
terpretations with common misconceptions about evolu
tion has resulted in a host of unfounded arguments th
purport to challenge evidence for evolution and teachin
evolution in classrooms.

Current misuse of entropy and thermodynamics in a
guments against evolution present teachable mome
to clarify the concept of entropy and related misconce
tions about evolution that are often used hand-in-han
with misinterpretations of entropy. With this goal in
mind, we present a historical review of the concept
entropy in the context of thermodynamics, provide a
easily understood definition of entropy including exam
ples that can be used in a classroom setting, and disc
how entropy actually relates to and supports the theo
of evolution.
s is an open access article distributed under the terms of the Creative Commons
s.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
is properly cited.
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Figure 1 Timeline depicting major events in the development of the theories of entropy and evolution (all images used are part of the
public domain).
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What is entropy? An historical perspective
Rudolf Clausius (1867) coined the term entropy from th
Greek word Entropein for transformation and change
(Greven et al. 2003). This transformative idea arose fro
studying the interaction of refrigeration and a heat engin
and the transfer of the heat,Q, between the two. Clausius’s
conclusion was that heat changed while the quantity
the ratio of the heat over the temperature, T, remained th
same. This conclusion led to the first definition that de
scribed the change of entropy (dS) as:

dS¼ dQ=T ð1Þ

which Clausius stated thusly (Klein 1910, p. 33):

Every bodily system possesses in every state a
particular entropy, and this entropy designates the
preference of nature for the state in question; in all t
processes which occur in the system, entropy can o
grow, never diminish.

Clausius’s definition of entropy led directly to a math
ematical statement of the second law of thermodynam
(Klein 1910):

dS
dt

�
dQ
T

: ð2Þ

In words, Equation 2 states that the change in entro
with time will always be greater or equal to the chang
of heat divided by the temperature, or put more simp
using Equation 1, the change of entropy with time w
always be greater or equal to the starting entropy. B
the question still remained, what was this mysterio
quantity known as entropy? Clausius’s definition did not
state what entropy was but only how entropy changed
a function of heat and temperature. It was clear that e
tropy had an innate tie with the degradation of usab
energy into an unusable form. From an engineering pe
spective, this meant the generation of unrecoverable h
from any work done by an engine or person (Swinburn
1903).

That idea of entropy prompted intense re-examinatio
of the ideas behind the concept of entropy by some
the most well-respected scientists of the 1800s, includ
James Clark Maxwell and John Strutt (a.k.a. Lo
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