The Second Law of Thermodynamics, Evolution, and Probability

The Talk.Origins Archive

Exploring the Creation/Evolution Controversy

Browse Search Feedback Links

Thermodynamics, Evolution and Creationism

The Second L aw of Thermodynamics, Evolution, and Probability

Does evolution violate the second law of thermodynamics? Creationists say yes. This article describesin
detail why the creationists are wrong.

Attributing False Attributesto Thermodynamics

Creationists have created a 'voodoo' thermodynamics based solely on metaphors in order to convince those
not familiar with real thermodynamics that their sectarian religious views have scientific validity.

Home Browse Search Feedback Links

The FAQ)  Must-Read Files Index

Evolution Creationism Age of the Earth

Flood Geology i Catastrophism - Debates

Home Page | Browse | Search | Feedback | Links
The FAQ | Must-Read Files | Index | Creationism | Evolution | Age of the Earth | Flood Geology | Catastrophism | Debates

http://www.talkorigins.org/fags/thermo.html [31/8/1999 1:43:34 PM]


http://www.talkorigins.org/
http://www.talkorigins.org/
http://www.talkorigins.org/origins/other-links.html
http://www.talkorigins.org/origins/feedback.asp
http://www.talkorigins.org/origins/search.html
http://www.talkorigins.org/origins/faqs.html
http://www.talkorigins.org/origins/faqs-debates.html
http://www.talkorigins.org/origins/faqs-catastrophism.html
http://www.talkorigins.org/origins/faqs-flood.html
http://www.talkorigins.org/origins/faqs-youngearth.html
http://www.talkorigins.org/origins/faqs-creationists.html
http://www.talkorigins.org/origins/faqs-evolution.html
http://www.talkorigins.org/origins/faqs-index.html
http://www.talkorigins.org/origins/faqs-mustread.html
http://www.talkorigins.org/origins/faqs-qa.html
http://www.talkorigins.org/origins/other-links.html
http://www.talkorigins.org/origins/feedback.asp
http://www.talkorigins.org/origins/search.html
http://www.talkorigins.org/origins/faqs.html
http://www.talkorigins.org/
http://www.talkorigins.org/
http://www.talkorigins.org/origins/faqs.html
http://www.talkorigins.org/origins/search.html
http://www.talkorigins.org/origins/feedback.asp
http://www.talkorigins.org/origins/other-links.html
http://www.talkorigins.org/origins/faqs-qa.html
http://www.talkorigins.org/origins/faqs-mustread.html
http://www.talkorigins.org/origins/faqs-index.html
http://www.talkorigins.org/origins/faqs-creationists.html
http://www.talkorigins.org/origins/faqs-evolution.html
http://www.talkorigins.org/origins/faqs-youngearth.html
http://www.talkorigins.org/origins/faqs-flood.html
http://www.talkorigins.org/origins/faqs-catastrophism.html
http://www.talkorigins.org/origins/faqs-debates.html

The Second Law of Thermodynamics, Evolution, and Probability

The Talk.Origins Archive

Exploring the Creation/Evolution Controversy

Browse Search Feedback Links

The Second Law of Thermodynamics,
Evolution, and Probability

Copyright © 1995-1997 by Frank Steiger
This document may be reproduced without royalty for non-profit, non-commercial use.

therefore the macro evolution of complex living things from single-celled ancestors could not have
occurred. The creationist argument is based on their interpretation of the relationship between probability

C reationists believe that the second law of thermodynamics does not permit order to arise from disorder, and
and athermodynamic property called "entropy.”

By way of background, and in order to clarify the creationist position, let me quote from the creationist literature:
The Remarkable Birth of Planet Earth, by Henry Morris:

(p. 14) All processes manifest a tendency toward decay and disintegration, with a net increase in
what is called the entropy, or state of randomness or disorder, of the system. Thisis called the
Second Law of Thermodynamics.

(p. 19) Thereisa universal tendency for all systemsto go from order to disorder, as stated in the
Second Law, and this tendency can only be arrested and reversed under very special circumstances.
We have already seen, in Chapter |, that disorder can never produce order through any kind of
random process. There must be present some form of code or program, to direct the ordering
process, and this code must contain at least as much "information™ asis needed to provide this
direction.

Furthermore, there must be present some kind of mechanismfor converting the environmental
energy into the energy required to produce the higher organization of the systeminvolved. ...

Thus, any system that experiences even a temporary growth in order and complexity must not only be
"open” to the sun's energy but must also contain a "program” to direct the growth and a
"mechanism’ to energize the growth.

Scientific Creationism, edited by Henry Morris:

(p.25) The Second Law (Law of Energy Decay) states that every system left to its own devices always
tends to move from order to disorder, its energy tending to be transformed into lower levels of
availability, finally reaching the state of complete randomness and unavailability for further work.

Of course, the creationist application of the second law of thermodynamics to the development of living thingsis
inconsistent with any model of origins. Creationists get around this problem by invoking the supernatural:

The Genesis Flood, by Whitcomb and Morris:

(p. 223) But during the period of Creation, God was introducing order and organization into the
universein a very high degree, even to lifeitself! It isthus quite plain that the processes used by God
in creation were utterly different from the processes which now operate in the universe!

Aswill be shown later on, it isonly the over-all entropy of acomplete, or closed system that must increase when
spontaneous change occurs. In the case of spontaneously interacting sub-systems of a closed system, some may gain
entropy, while others may lose entropy. For example, it is afundamental axiom of thermodynamics that when heat
flows from subsystem A to subsystem B, the entropy of A decreases and the entropy of B increases. The statement
that an increase in order can only occur as the result of adirectional mechanism, program, or code is misleading.
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The Second Law of Thermodynamics, Evolution, and Probability

Any process that can be demonstrated to take place with an increase in order/decrease in entropy is arbitrarily
deemed to be the consequence of an undefined "directional mechanism.”

Probability, as used in thermodynamics, means the probability that some specific change will occur. Probability is
related to the thermodynamic concept of irreversibility. Anirreversible physical or chemical change is a change that
will not spontaneously reverse itself without some change in the surrounding conditions. Irreversible changes have a
high degree of probability. The probability of an irreversible change spontaneously reversing itself without outside
interferenceis zero.

When we say that a changeisirreversible (in the thermodynamics sense) it means only that the change will not
spontaneously reverse itself without some change in the surrounding conditions. It does not mean that it cannot be
reversed by any means at all!

It isimportant to remember that a change that has a high degree of probability under one set of circumstances may
have a very low degree of probability under a different set of circumstances. To illustrate: If the temperature drops
below freezing, the probability of water becoming iceis very high. The change from water to iceis
thermodynamically irreversible. If the surrounding temperature should happen to rise above the freezing point, the
probability of water becoming ice, or remaining asice, is zero. Under these conditions the reverse change of iceto
liquid water is also thermodynamically irreversible.

Failure to understand that in thermodynamics probabilities are not fixed entities has led to a misinterpretation that is
responsible for the wide- spread and totally false belief that the second law of thermodynamics does not permit
order to spontaneously arise from disorder. In fact, there are many examples in nature where order does arise
spontaneously from disorder: Snowflakes with their six-sided crystalline symmetry are formed spontaneously from
randomly moving water vapor molecules. Salts with precise planes of crystalline symmetry form spontaneously
when water evaporates from a solution. Seeds sprout into flowering plants and eggs develop into chicks.

Thermodynamicsis an exact science that is based on alimited number of specific mathematical concepts. It is not
explainable in terms of qualitative metaphors. In order to understand the relationship between probability and the
second law, the reader must be familiar with the relationship between probability and entropy. Entropy isa
mathematically defined entity which is the fundamental basis of the second law of thermodynamics and all of its
engineering and physical chemistry ramifications.

In the following sections we will try to explain the true relation between entropy and probability and show why this
relationship does not preclude the possibility of order spontaneously arising from disorder.

In describing the laws of thermodynamics we often refer to "systems.” A system is a specific entity or object or
region in space to be evaluated in terms of its thermodynamic properties and possible changes. It could be anice
cube, atoy balloon, a steam turbine, or even the entire earth itself.

Entropy

The concept of entropy is fundamental to understanding the second law of thermodynamics. Entropy (or more
specifically, increase in entropy) is defined as heat (in calories or Btu's) absorbed by a system, divided by the
absolute temperature of the system at the time the heat is absorbed. Absolute temperature is the number of degrees
above "absolute zero", the coldest temperature that can exist.

Thetotal entropy in asystem is represented by the symbol S. The symbol ASis used to represent a given changein
the entropy content of a system. If the symbol g is used to represent the amount of heat absorbed by a system, the
equation for the resulting entropy increaseis:

AS=q/T (1)

Where T is the absolute temperature. When heat is absorbed, the entropy of a system increases; when heat flows out
of asystem, its entropy decreases.

The "surroundings' of a system is everything outside of the system that can interact with it; surroundings can
usually be defined as the space that surrounds a system. When heat is evolved by a system, that same heat is
absorbed by its surroundings. When heat is absorbed by a system, that same heat must necessarily come from its
surroundings. Therefore any entropy increase in a system due to heat flow must be accompanied by an entropy
decrease in the surroundings, and vice versa. When heat flows spontaneously from a hotter region to a cooler
region, the entropy decrease in the hotter region will always be less than the entropy increase in the cooler region,
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because the greater the absolute temperature, the smaller the entropy change for any particular heat flow. (See
equation 1, above)

As an example, consider the entropy change when alarge rock at 500 degrees absolute is dropped into water at 650
degrees absolute. (We are using an absolute temperature scale based on Fahrenheit degrees; on this scale, water
freezes at 492 degrees.) For each Btu of heat that flowsinto the rock at these temperatures the entropy increasein
the rock is 1/500 = 0.0020 and the entropy decrease of the water is 1/650 = 0.0015. The difference between these
valuesis 0.0020 - 0.0015 = 0.0005. This represents the over all entropy increase of the system (rock) and its
surroundings (water).

Of course the rock will warm up to, and the water cool to, atemperature intermediate between their original
temperatures, thus considerably complicating the calculation of total entropy change after equilibrium is achieved.
Nevertheless, for every Btu of heat transferred from water to rock there will always be an increase of over-all net
entropy.

As was mentioned before, a spontaneous change is an irreversible change. Therefore an increase in the overall net
entropy can be used as a measure of the irreversibility of spontaneous heat flow.

Irreversible changes in a system can, and often do, take place even though there may be no interaction, and
negligible heat flow, between system and surroundings. In cases like these the entropy "content” of the systemis
greater after the change than before. Even when heat flow does not occur between system and surroundings,
spontaneous changes inside an isolated system are always accompanied by an increase in the system's entropy, and
this calculated entropy increase can be used as a measure of irreversibility. The following paragraphs will explain
how this entropy increase can, at least in some cases, be calculated.

It isan axiom of thermodynamics that entropy, like temperature, pressure, density, etc., isa property of a system
and depends only on the existing condition of the system. Regardless of the procedures followed in achieving a
given condition, the entropy content for that condition is aways the same. In other words, for any given set of
values for pressure, temperature, density, composition, etc., there can be only one value for the entropy content. It is
essential to remember this: When a system that has undergone an irreversible change is restored to its origina
condition (same temperature, pressure, volume, etc.) its entropy content will likewise be the same as it was before.

In cases where an isolated system undergoes an entropy increase as the result of a spontaneous change inside the
system, we can calculate that entropy increase by postulating a procedure whereby the system's entropy increase is
transferred to the surroundings in a manner such that there is no further increase in net entropy and the system is
restored to its original condition. The entropy increase of the surroundings can then be readily calculated by
equation (1): AS = g/T, where g = heat absorbed by the surroundings, and T = absolute temperature of the
surroundings.

It bears repeating that when the system isrestored to its original condition, its entropy content will be the same asiit
was before itsirreversible change. Therefore the amount of entropy absorbed by the surroundings during restoration
must necessarily be the same as the entropy increase accompanying the system's original irreversible change,
providing that there is no further increase in net entropy during restoration.

This postul ated restoration procedure and the postul ated properties of the surroundings are for the purpose of
calculation only. Since we are not dealing with the surroundings as such, they can be postulated in whatever form
necessary to ssimplify the calculations; it is neither necessary nor desirable that the surroundings correspond to any
condition that could actually exist. Therefore, we will postulate a theoretical restoration procedure that takes place
with no further increase in net entropy, even though such a procedure can not actually be obtained experimentally.

The restoration process, if it were to take place in actuality, would have to be accompanied by at least a small
amount of irreversibility, and hence an additional increase in the entropy of the surroundings beyond the entropy
increase from the system's original irreversible change. Thisis because heat will not flow without a temperature
differential, friction cannot be entirely eliminated, etc. Therefore the restoring process, if it isto take place with no
further increase in over-all net entropy, must be postulated to take place with no irreversibility. If such a process
could be actually realized, it would be characterized by a continuous state of equilibrium (i.e. no pressure or
temperature differentials) and would occur at arate so slow as to require infinite time. Processes like these are
called "reversible" processes. Remember, reversible processes are postulated to simplify the calculation of the
entropy change in a system; it is not necessary that they be capable of being achieved experimentally.

It should not be assumed that equation (1) requires that g, the heat absorbed, must necessarily be absorbed
reversibly. The concept of reversibility is merely ameans to an end: the calculation of entropy change
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accompanying an irreversible process.

The following example will illustrate the calculation of areversible restoring process and at the same time develop
the equation which is the basis for the thermodynamical relationship between probability and the second law. We
will postulate a system consisting of an "ideal" gas contained in atank connected to a second tank that has been
completely evacuated, with the valve between the two tanks closed. The temperature of the system and its
surroundings is postul ated to be the same. An ideal gasis one whose molecules are infinitely small and have no
attractive or repulsive forces on each other. (Under ordinary conditions hydrogen and helium closely approximate
the properties of an ideal gas.) Anideal gasischosen in order to develop the basic relationship without introducing
complicating correction factors to account for the size of the molecules and the forces they exert on each other.

When the valve is opened the gas expands irreversibly from V1 (its original volume) to V2 (the volume of both
tanks). There is no work of compression by or upon the surroundings. Because the gasisideal thereisno
temperature change, and hence no heat flow takes place.

After expanding irreversibly from V1 to V2, the gasisrestored to its original condition by reversibly compressing it
back to V1. This compression requires work (force applied through a distance) which in turn generates heat in the
gas, heat that is absorbed by the surroundings so that there is no increase in the gas temperature. In our
mathematical model of this reversible restoring process, the surroundings are postulated to be so large that they also
do not undergo any temperature increase. The temperature T remains unchanged during the entire irreversible
expansion and subsequent reversible restoration process.

The work of compressing the gas during restoration is equal to the pressure of the gas times the volume change due
to compression. Because the pressure increases during compression, the work of compression must be determined
by the calculus integral:

conpression work = "IrPdV

where: P = pressure
V = vol une
dVvV = the smal|l change in volune taking

pl ace at the correspondi ng pressure P

f

The equation relating temperature, pressure, and volume of an ideal gasis:

Theintegra sign= indicates the summation of al theindividual values of PdV.

PV = RT (2)
wher e: pressure
vol une

absol ute tenperature

a constant which depends only on the
amount of gas present

-1<T

In the case of areversible, isothermal compression of an ideal gas we may substitute P from equation (2) into the
equation for compression work. When thisis done, we have:

conpression work = RT"IrdV/V (3)

Although it is not necessary that our postulated reversible restoration process be capable of being carried out in a
practical sensg, it is nevertheless sometimes helpful to be able to visualize the process. To this end, the reader may
consider the restoring compression process being brought about by a piston fitted into the end of the second tank.
On compression from V2 to V 1, the piston moves down the length of the second tank, and with no mechanical
friction forces all the gas contained therein back into the first tank V1.

Since the work of compression is equal to g, the heat absorbed by the surroundings, g may be substituted in equation
(3) togive:
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q = RT"F dv/ v (4)
From equation (1) the entropy gained by the surroundings during restoration fromV2to V1is.

AS = q/T (1)
Substituting from equation (4):

AS = F\JdV/V

Upon integrating (a calculus procedure for summing up the individual values of dV/V) we have:

AS = R n(V2/ V1) (5)

Where In(V2/V1) is the natural logarithm of the ratio of expanded volume to theinitial volume, and ASis equal to
the entropy increase in the surroundings upon restoration compression from V2 to V1. Aswe have seen, ASisalso
equal to the entropy increase of the gas caused by its original expansion from V1 to V2. Thisisbecause V1isthe
same volume both before expansion and after restoration compression, and therefore has the same entropy content.
Therefore the entropy transferred to the surroundings during restoration is equal to that gained by the systemin
expanding fromV1to V2.

Entropy and Probability

Theratio of the probability that all the gas molecules are evenly distributed between the two tanks to the probability

that all the molecules, of their own accord and by random motion, would be in tank V1 isequa to (V2/V1)N, where
N is the number of molecules.

If V2/V1were equal to 2.0, for example, and N were equal to 10, the probability ratio would be 2 to the tenth
power, or 1024. For N = 100, the ratio would be approximately 1.27 times ten to the 30th power. It is clear that the
random motion of trillions of gas molecules heavily favors a uniform distribution.

let X1 = the probability of all the gas nolecules, after the valve is
opened, remaining in the first tank V1
let X2 = the probability of all the gas nolecules, after the valve is

opened, being uniformy distributed in V2, the volune of both
t anks.

From the probability equation, we have:

X2/ X1 = (V2/ V1) N,
Taking the natural logarithm of both sides, and then multiplying both sides by R, the gas constant:

R | n( X2/ X1)
RN | n( X2/ X1)

Substituting in equation (5):

RN | n(V2/ V1)
R | n(V2/ V1)

AS = RN | n(X2/ X1) (6)

Equation (6) represents the fundamental relationship between probability and the second law of thermodynamics. It
states that the entropy of a gaseous system increases when its molecular distribution changes from alower
probability to a higher probability (X2 greater than X1).

Based on the belief that the laws of thermodynamics are universal, this equation has been assumed to apply to all

systems, not just gaseous. In other words, any entropy change is proportional to the logarithm of the ratio of
probabilities. Therefore, for the general case equation (6) can be written:
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AS = K | n(X2/ X1) (7)

Where K is a constant depending on the particular change involved. However, individual values of K, X1, or X2 are
seldom, if ever, known for non-gaseous systems.

Aswe have seen before, AS can be either positive or negative. When AS is negative equation (7) can be written:

-AS = -K | n(X2/ X1)

= K I n(X1/ X2)

Therefore a system can go from a more probable state (X2) to a less probable state (X1), providing ASfor the
systemis negative. In cases where the system interacts with its surroundings, AS can be negative providing the
over-all entropy of the system and its interacting surroundings is positive; the over-all change can be positive if the
entropy increase of the surroundings is numerically greater than the entropy decrease of the system.

In the case of the formation of the complex molecules characteristic of living organisms, creationists raise the point
that when living things decay after death, the process of decay takes place with an increase in entropy. They also
point out, correctly, that a spontaneous change in a system takes place with a high degree of probability. They fail to
realize, however, that probability isrelative, and a spontaneous change in a system can be reversed, providing the
system interacts with its surroundings in such a manner that the entropy increase in the surroundings is more than
enough to reverse the system's original entropy increase.

The application of energy can reverse a spontaneous, thermodynamically "irreversible" reaction. Leaves will
spontaneously burn (combine with oxygen) to form water and carbon dioxide. The sun's energy, through the process
of photosynthesis, will produce leaves from water vapor and carbon dioxide, and form oxygen.

If we unplug arefrigerator, heat will flow to the interior from the surroundings; the entropy increase inside the
refrigerator will be greater than the entropy decrease in the surroundings, and the net entropy changeis positive. If
we plug it in, this spontaneous "irreversible”" change is reversed. Due to the input of electrical energy to the
compressor, the heat transferred to the surroundings from the condenser coilsis greater than the heat extracted from
the refrigerator, and the entropy increase of the surroundingsis greater than the entropy decrease of the interior, in
spite of the fact that the surroundings are at a higher temperature. Here again, the net entropy change is positive, as
would be expected for any spontaneous process.

In asimilar manner, the application of electrical energy can reverse the spontaneous reaction of hydrogen and
oxygen to form water: when a current is passed through awater solution, hydrogen is liberated at one electrode,
oxygen at the other.

As can easily be confirmed experimentally, agitating water raises its temperature. When water falls freely from a
higher elevation to alower elevation, its energy is changed from potential to kinetic, and finally to heat as it
splashes at the end of itsfall. The second law of thermodynamics states that the water will not spontaneously raise
itself to its original elevation using the heat produced on splashing as the sole source of energy. To do so would
require a heat engine that would convert all of the heat of splashing to mechanical energy.

The efficiency of a heat engine is thermodynamically limited by the Carnot cycle, which limits the efficiency of any
heat engine to AT/T, where AT is the temperature increase due to splashing, and T is the absol ute temperature.

Since AT isonly asmall fraction of T, there is no device that could be constructed which would allow all of the
water to spontaneously jump back to its former elevation.

We can, at least in theory, calculate the entropy increase of the water resulting from itsirreversible changein
falling. In amanner analogous to that used in the previous example, the entropy increase would be equal to the heat
generated by splashing agitation, divided by the absolute temperature. If some of the energy of the faling water is
extracted by awater wheel, there will be less heat of splashing and hence less entropy increase.

A properly designed turbine could extract most of the water's kinetic energy. Thisis not the same thing as trying to
utilize the heat of splashing as an energy source for a heat engine to raise the water. In other words, using the energy
before it becomes heat is much more efficient than trying to use it after it becomes heat.

If awater wheel is connected by shafts, belts, pulleys, etc. to a pump, the pump can raise water from the
downstream side of the water wheel to an elevation even higher than that of the upstream reservoir. Some of the
water would spontaneously raise itself to an elevation even higher than original, but the rest of it would end up
below the water wheel on the downstream side.
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Whileit isnot possible for all of the water to raise itself to an elevation higher than itsinitial elevation, it is possible
for some of the water to spontaneoudly raise itself to an elevation higher than initial.

Aswith any other irreversible change, there will be an increase in over-all entropy. This means that the entropy
increase of the water going over the wheel is greater than the entropy decrease of water pumped up to the higher
elevation.

Thiswill be confirmed mathematically in the following paragraphs. ¥ will stand for the Greek letter gamma,
representing unit weight in pounds per cubic foot. An increase in the value of a parameter will be represented by /.

Let: ¥ = unit weight of water, |bs./cubic foot
h = height of reservoir above downstream side, feet
Yh = potential energy of water in reservoir
Ah = additional height above reservoir (to which water is punped)
h + Ah = height to which water is punped, feet above downstream side
w = work of punping water to higher elevation
g = heat |loss due to punp friction and downstream agitation

f fraction of water punped to elevation h + Ah
From the flow equation, energy in = energy out:

Yth =q+w

Wiere: Yh = the total energy expended by the water
in falling from hei ght h.

g = the energy wasted as heat of splashing

w = work expended in punping the water to a higher elevation
q=TAS (fromequation 1)
w = f¥h + Ah)

The total energy available, ¥h, is divided into pump work, f¥(h + /Ah), and energy lost, TAS:

Yh = TAS + f¥ h + Ah)
Rearranging:

TAS = % - f¥%h + Ah) (8)
When no pump work is done, then:

TAS = "h (9)
Combining equations (8) and (9), we get:

AS - AS =f¥h + Ah)/T (10)
In the case where the water falls freely without turning the water wheel or operating the pump:
let g = heat of splashing

TAS
where AS is the entropy increase on free fall

Equation (10) shows that AS islarger than AS, and that the entropy increase due to pump friction and downstream
agitation is "backed up" by the even larger entropy increase that takes place when water falls freely. Equation (10)
also shows that the lower the value of AS, the more efficient the pump, and the greater the value of f, the fraction of
water pumped.

Creationists assume that a change characterized by a decrease in entropy can not occur under any circumstances. In
fact, spontaneous entropy decreases can, and do, occur all the time, providing sufficient energy is available. The fact
that the water wheel and pump are man-built contraptions has no bearing on the case: thermodynamics does not
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concern itself with the detailed description of a system; it deals only with the relationship between initial and final
states of a given system (in this case, the water wheel and pump).

A favorite argument of creationistsis that the probability of evolution occurring is about the same as the probability
that atornado blowing through a junkyard could form an airplane. They base this argument on their belief that
changesin living things have avery low probability and could not occur without "intelligent design” which
overcomes the laws of thermodynamics. This represents a fundamental contradiction in which (they say) evolution
isinconsistent with thermodynamics because thermodynamics doesn't permit order to spontaneously arise from
disorder, but creationism (in the guise of intelligent design) doesn't have to be consistent with the laws of
thermodynamics.

A simpler analogy to the airplane/junkyard scenario would be the stacking of three blocks neatly on top of each
other. To do this, intelligent design is required, but stacking does not violate the laws of thermodynamics. The same
relations hold for this activity as for any other activity involving thermodynamical energy changes. It istrue that the
blocks will not stack themselves, but as far as thermodynamics is concerned, all that is required is the energy to pick
them up and place them one on top of the other. Thermodynamics merely correlates the energy relationships in
going from state A to state B. If the energy relationships permit, the change may occur. If they don't permit it, the
change can not occur. A ball will not spontaneously leap up from the floor, but if it is dropped, it will spontaneously
bounce up from the floor. Whether the ball is lifted by intelligent design or just happens to fall makes no difference.

On the other hand, thermodynamics does not rule out the possibility of intelligent design; it isjust smply not a
factor with respect to the calculation of thermodynamic probability.

Considering the earth as a system, any change that is accompanied by an entropy decrease (and hence going back
from higher probability to lower probability) is possible as long as sufficient energy is available. The ultimate
source of most of that energy, is of course, the sun.

The numerical calculation of entropy changes accompanying physical and chemical changes are very well
understood and are the basis of the mathematical determination of free energy, emf characteristics of voltaic cells,
equilibrium constants, refrigeration cycles, steam turbine operating parameters, and a host of other parameters. The
creationist position would necessarily discard the entire mathematical framework of thermodynamics and would
provide no basis for the engineering design of turbines, refrigeration units, industrial pumps, etc. It would do away
with the well-devel oped mathematical relationships of physical chemistry, including the effect of temperature and
pressure on equilibrium constants and phase changes.

[The Greek and mathematical symbols are courtesy of Karen Strom of the University of Massachussetts. They may be downloaded here
and used with this attribution and without fee for non-profit purposes only.]
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does nat, in fact, possess. The creationist thermodynamics argument is atypical example of how this

technique is used to twist well established scientific principles into meaningless gibberish. The reader

should refer to Chapter 111 of "Scientific Creationism,” edited by Henry Morris of the Institute for Creation
Research for specific details. This chapter can be summed up as follows.

C reationist arguments are often based on assuming that a scientific theory or law possesses an attribute that it

Creationist claims:

1. The second law of thermodynamics requires that all systems and individual parts of systems have a tendency
to go from order to disorder. The second law will not permit order to spontaneously arise from disorder. To
do so would violate the universal tendency of matter to decay or disintegrate.

2. Creationists recognize that in many cases order does spontaneously arise from disorder: seeds grow into
trees, eggs develop into chicks, crystalline salts form when a solution evaporates, and crystalline snowflakes
form from randomly moving water vapor molecules. In cases like these, creationists have assigned an
attribute that there must be a programmed energy conversion mechanism to direct the application of the
energy needed to bring about the change.

3. Thisenergy conversion mechanism is postulated to "overcome" the second law, thus allowing order to
spontaneously arise from disorder.

4. Creationists believe that changes requiring human thought and effort, such as constructing a building,
manufacturing an airplane, making a bed, writing a book, etc. are covered by the science of
thermodynamics. Creationists believe that awall will not build itself simply because to do so would violate
the laws of thermodynamics. In building the wall, the stonemason overcomes the laws of thermodynamics!

5. Inthe case of organic change, like seeds growing into trees and chicks developing from eggs, creationists
believe that the directed energy conversion mechanism that overcomes the laws of thermodynamics comes
from God.

Commentson the abovefive claims;

1. The degree of thermodynamic disorder is measured by an entity called "entropy.” There is a mathematical
correlation between entropy increase and an increase in disorder. The overall entropy of an isolated system
can never decrease. However, the entropy of some parts of the system can spontaneously decrease at the
expense of an even greater increase of other parts of the system. When heat flows spontaneously from a hot
part of a system to a colder part of the system, the entropy of the hot area spontaneously decreases! The ICR
chapter states flatly that entropy can never decrease; thisisin direct conflict with the most fundamental law
of thermodynamics that entropy equals heat flow divided by absolute temperature.

2. Thereisno need to postulate an energy conversion mechanism. Thermodynamics correlates, with
mathematical equations, information relating to the interaction of heat and work. It does not speculate as to
the mechanismsinvolved. The energy conversion mechanism can not be expressed in terms of mathematical
relationships or thermodynamic laws. Although it is reasonable to assume that complex energy conversion
mechanisms actually exist, the manner in which these may operate is outside the scope of thermodynamics.
Assigning an energy conversion mechanism to thermodynamicsis simply a ploy to distort and pervert the
true nature of thermodynamics.

3. Theuse and application of thermodynamicsis strictly limited by the mathematical treatment of the basic
equations of thermodynamics. There is no provision in thermodynamics for any mechanism that would
overcome the laws of thermodynamics.
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4. Thermodynamics does not deal with situations requiring human thought and effort in order to create order
from disorder. Thermodynamicsis limited by the equations and mathematics of thermodynamics. If it can't
be expressed mathematically, it isn't thermodynamics!

Creationism would replace mathematics with metaphors. Metaphors may or may not serve to illustrate afact, but
they are not the fact itself. One thing is certain: metaphors are completely useless when it comes to the
thermodynamics of calculating the efficiency of a heat engine, or the entropy change of free expansion of a gas, or
the power required to operate a compressor. This can only be done with mathematics, not metaphors. Creationists
have created a"voodoo" thermodynamics based solely on metaphors. Thisin order to convince those not familiar
with real thermodynamics that their sectarian religious views have scientific validity.
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