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Evolution is Not the Wiole Story

As the bankruptcy of creation "science" becones increasingly
recogni zed, a new catch phrase, intelligent design, has been adopted by those
who persist in their attenpts to inject creationisminto the science
curriculum (see, for exanple, O Pandas and Peopl e, Davis 1993; Matsunura
1995 and Col e 1995 report on attenpts to introduce Pandas into schools.
Intelligent design is a nore subtle termthan creation science, one that has
far broader inplications than the genesis of life on a mnor planet in the
corner of a minor galaxy. The argunent that the nmaterial universe resulted
from conscious action outside itself can sound convincing, even to those who
accept biol ogical evolution as established fact. Many who agree that
biblical creation is not an appropriate part of the science curricul um
because it is not science, may not object to including material that argues
with greater sophistication that the universe as a whol e shows evi dence for
desi gn.

| can foresee proponents of intelligent design canpaigning for
science | essons to include statenents of the sort we often read today in
books and the popul ar press, that nodern physics and cosnol ogy have uncovered
evidence for intelligence in the structure of the universe and this
intelligence seens to act with us in mnd (Rolston I1l, 1986; Wight, 1992;
Begl ey, 1994.

In fact, science has done no such thing. Just as we mnust continue to
educate parents and teachers on the facts of evolution, we must also inform
them that science has by no neans confirnmed the traditional belief in a
created universe with humanity at its center

I ndeed, if anything science indicates quite the opposite.
Ast ronomi cal observations continue to denonstrate that the earth is no nore
significant than a single grain of sand on a vast beach. Wile a created,
human- cent ered uni verse can probably never be ruled out, nothing in our
current understandi ng of cosnology and physics requires it. Furthernore, we
are begi nning to understand the possi bl e physical mechani snms for the
appearance of matter from nothing, and for organi zati on w thout design

Gavity was needed to gather atons together into stars and to
conpress stellar cores, raising the core tenperatures to tens of mllions of
degrees. These high tenperatures nade nucl ear reactions possible, and over
billions of years the elenents of the chem cal periodic table were
synt hesi zed as the by-product.

When the nuclear fuel in the nore nassive, faster- burning stars was
spent, the laws of physics called for themto expl ode as supernovae, sending
into space the el enents nmanufactured in their cores. |In space, gravity
coul d gather these elenents into planets circling the smaller, longer-lived
stars. Finally, after about ten billion years, the carbon, oxygen, nitrogen
and other elenments on a small planet attached to a snmall, stable star could
begi n the process of evolution toward the conplex structures we call life.

In recent years, creationist theologians, and even a few physicists,
have heavily pronoted what they claimis a remarkable fine-tuning of the
basic | aws and constants of physics, w thout which |ife as we know it woul d



never have devel oped (Barrow, 1986; Rolston Ill). [If the universe had
appeared with slight variations in the strengths of the fundanental forces or
the masses of elenmentary particles, that universe would be pure hydrogen at
one extreme, or pure heliumat the other

Nei t her woul d have all owed for the eventual production of heavy
el enents, such as carbon, necessary for life. Simlarly, if gravity had not
been nmany orders of nagnitude weaker than el ectronmagneti sm stars woul d not
have |ived | ong enough to produce the elenents of life. Long before they
could fabricate heavy chenical elenents, stars would have collapsed. Only
the fact that the gravitational force was forty orders of magnitude weaker
prevented this fromhappening. In a calculation simlar to Hoyle’s,
mat hemat i ci an
Roger Penrose has estinmated that the probability of a universe with our
particul ar set of physical properties is one part in 107107123 (Penrose 1989:
343). However, neither Penrose nor anyone el se can say how many of the
ot her possible universes fornmed with different properties could still have
lead to _sone_ formof life.

If it is half, then the probability for life is fifty percent.
Ignoring this absent link in their chain of logic, pronoters of intelligent
design put forward the so-called _anthropic coincidences_ as evidence for a
uni verse that was created with humans in mind. | have heard Christian
phi |l osopher WIlliam Lane Craig nake this claimin a debate on the existence
of God. In the sane debate, Craig contended that the great age of the
uni ver se, which
dwarfs human history, is in fact a sign of God's plan for humanity because
billions of years were needed to allowlife to evolve. (Craig evidently
accepts evol ution).

You woul d have thought God could be a ot nore efficient. And Craig
did not rationalize why humanity rather than cockroaches was the goal God had
in mnd. So as you see, we have a lot nore explaining to do after we explain
how I'i fe devel oped on earth by natural processes. Even if life evolved
naturally on earth with no outside interference, the existence of stars and
pl anets, quarks and el ectrons, and the very | aws of physics thensel ves can be
presented as evidence for intelligent design to the universe. Furthernore,
gi ven the egocentrismthat seens to characterize the human race, convincing
peopl e that the universe was designed with themin nmnd is as easy as
convincing a child that candy is good for him

Per haps the universe was created for the sol e purpose of producing

you and ne. | have no objection to discussing the possibility, as long as
the discussion is critical, rational, and objective. The nost comobn
argunment that is still given by believers when they are asked to present

_scientific_ evidence for a creator is: "How can all of this (gesturing to
the world around us) have happened by chance?" As we have seen, the

nost brilliant exposition of the case for evolution will not answer this
question, because it still presunes the pre-existence of |aws of physics and
val ues of physical constants that had to be delicately bal anced for human
(and cockroach) life to evolve

The Argunent from Probability

Bef ore addressing the question of how the |aws of physics can have
cone about in the absence of intelligent design, let me provide a response to
the argunents from probability outlined above.



If we properly conpute, according to statistical theory, the probability for
the universe existing with the properties it has, the result is unity! The
uni verse exists with one hundred percent probability (unless you are an

i deal i st who believes everything exists only in your own mind). On the other
hand, the probability for one of a random set of universes being our
particular universe is a different question. And the probability that one of
a random set of universes is a universe that supports _sone formof lifeis
athird question. | submit it is this last question that is the inportant
one and that we have no reason to be sure that this probability is small.

| have made sone estinmates of the probability that a chance
di stribution of physical constants can produce a universe with properties
sufficient that some formof |life would have likely had sufficient tinme to
evolve. In this study, | randomy varied the constants of physics (
assune the sanme |laws of physics as exist in our universe, since | know no
other) over a range of ten orders of magnitude around their existing val ues.
For each resulting "toy" universe, | conputed various quantities such as the
size of atons and the lifetimes of stars. | found that al nmost al
conbi nati ons of physical constants |ead to universes, albeit strange ones,
that would live long enough for sone type of conplexity to form (Stenger
1995: chapter 8). This is illustrated in figure 1

Every shuffle of a deck of cards |leads to a 52-card sequence that has low _a
priori_ probability, but has unit probability once the cards are all on the
table. Simlarly, the "fine-tuning" of the constants of physics, said

to be so unlikely, could very well have been randon we just happen to be in
the universe that turned up in that particular deal of the cards.

Note that ny thesis does not require nore than one universe to exist,
al t hough sone cosnol ogi cal theories propose this. Even if ours is the only
uni verse, and that universe happened by chance, we have no basis to concl ude
that a universe without sone formof life was so unlikely as to have required
a mracle.

Sinplicity and Physical Law

So the argunent from probability fails. Mny sets of physica
constants could have produced a universe with |ife, albeit life very unlike
our own. But what about the |laws of physics thenselves? Can we take their
nmere _existence_ as evidence for intelligent design?

Let nme begin by addressing two commonsense notions: (1) you cannot
get sonething fromnothing, and (2) the order of the universe requires the
pre-exi stence of an active intelligence to do the ordering. | will [|eave
it to the theol ogians to explain how the postulate of a creator God sol ves
the problemof _creation ex nihilo _, since God is sonething that, itself,
nmust have cone, uncreated, fromnothing. Instead | will address the
physics issues inplied by the creation of the universe fromnothing. In
physics terns, _creation ex nihilo_ appears to violate both the first and

second | aws of thernodynam cs.

The first law of thernodynanics is equivalent to the principle of
conservation of energy: the total energy of a closed systemis constant; any
ener gy change nust be conpensated by a corresponding inflow or outflow from
t he system

Ei nstein showed that nmass and energy are equivalent, by E = nt"2.
So, if the universe started from"nothing, " energy conservation woul d seem



to have been violated by the creation of matter. Some energy fromoutside is
apparently required.

However, our best estimate today is that the total energy of the
universe is zero (within a small _zero point energy _ that results from
quantum fluctuations), with the positive energy of natter bal anced by the
negative potential energy of gravity. Since the total energy is zero, no
energy was needed to produce the universe and the first |aw was not vi ol at ed.

The second | aw of thernodynam cs requires that the _entropy_, or disorder, of
t he universe nust increase or at |east stay constant with tine. This would
seemto inply that the universe started out in a greater state of order than
it has today, and so nust have been desi gned.

However, this argunent holds only for a universe of constant vol une
The maxi mum entropy of any object is that of a black hole of the same vol une.
In an expandi ng uni verse, the maxi num al | owabl e entropy of the universe is
continually increasing, allowing nore and nore roomfor order to formas tine
goes by. If we extrapolate the big bang back to the earliest definable tine,
the so- called Planck tine _(10"-43 second), we find that universe started
out in a condition of maxi mumentropy-- total chaos. The universe had no
order at the earliest definable instant. |If there was a creator, it had
not hi ng to create.

Not e al so that one cannot ask, nuch | ess answer, "Wat happened
before the big bang?" Since no tine earlier than the Planck time can be
logically defined, the whole notion of tinme before the big bang is
nmeani ngl ess.

Furthernore, within the franework of Einstein's relativity, tinme is
the fourth di mension of spacetinme. Defining this fourth dinmension as ict,
where t is what you read on a clock, i = sqgrt(-1), and ¢ is the speed of
light, the coordinates of tine and space are interchangeable. 1In short, tine
is inextricably intertwined with space and cane into being "when" or "where"
(language is inadequate to mathemati cs here) spacetine cane into being.

Spont aneous O der

So, where did the order of the universe cone from if it did not
exist at the "beginning"? Were did the |aws of physics cone from if not
fromsonme great |awgiver? W are now beginning to grasp how the | ans
of physics could have conme about _naturally_ , as the universe spontaneously
expl oded in the big bang.

To understand this, we first have to recogni ze the prejudice that is
built into the whol e concept of physical law. Wen Newt on devel oped
nmechani cs and gravity, the Judeo-Christian notion of CGod-given | aw was
al ready deeply engraved in his thinking, by his culture. Even today, science
is interpreted by public, nmedia, and scientists alike as the process of
| earning the "mnd of God."[1]

However, the | aws of physics, at least in their formal expressions,
are no |l ess human inventions than the | aws by whi ch we govern oursel ves.
They represent our inperfect attenpts at economi cal and usefu
descriptions of the observati ons we nmake with our senses and instruments.

This is not to say we subjectively determ ne how the uni verse behaves, or
that it has no orderly behavior. Few scientists deny that an objective,



ordered reality exists that is independent of human |ife and experience. W
sinply have to recognize that the concept of "natural law' carries with it
certai n met aphysi cal baggage that is tied to our traditional, pre-scientific
nodes of thought. W are going a step beyond |logic to conclude that the

exi stence in the universe of order, which we conventionally |abel as the | aws
of nature, inplies a cosmic |awgiver.

W are gradually learning that several of the |laws of physics, those
that seemthe nost universal and profound, are in fact little nmore than
statements about the sinplicity of nature that can al nost go unsaid. The
"l aws" of energy, nomentum and angul ar nonentum conservati on have been shown
to be statenents about the honogeneity of space and tinme. The first |aw of
t her rodynami cs, conservation of energy, results fromthere being no unique
nmorment in tine.[2]

Conservation of nmonentumfollows fromthe Copernican principle that
there is no preferred position in space. her conservation |aws, such as
charge and nucl eon nunber, also arise from anal ogous assunpti ons of

sinmplicity.

For the mathematically inclined, the conserved quantities are
_generators_ of the symmetry transformations i nvolved. A honbgeneous
uni verse, one with a high level of symmetry, is the sinplest of all
possi bl e uni verses, just the kind we woul d expect to happen by accident. In
such a universe, many conservation laws will automatically exist.

In general, the conservation | aws need no expl anati on beyond the
mat hemati cal synbols used to represent the corresponding symetry. On the
ot her hand, an observed viol ation of a conservation | aw woul d demand an
expl anation, for then we woul d have evidence for a deviation fromsinplicity
and honogeneity. To explain this deviation, we have to go beyond the
assunptions that require the fewest paraneters, that is, are the nost
economi cal

By an equally sinple but somewhat different argunment, the second | aw
of thernodynamics is found not to be sone underlying principle of the
uni verse, but rather an arbitrary convention we humans nmaeke in defining the
direction of time. Nothing in known fundanental physics forbids the
violation of the second |aw. No mechanical principle prevents the air
enptying froma roomwhen you open the door, killing everyone inside.
Physi cs does not forbid a human from growi ng younger or the dead rising! Al
that has to happen for these "miracul ous" events is that the nol ecul es
i nvol ved are accidentally nmoving in the right direction at the right instant.
O course these miracles are not observed to happen except in fantasies, but
only because they are so highly unlikely.

W introduce the second "law' to codify what all of human experience
testifies, that air does not enpty froma room people do not grow younger
and the dead do not rise. But these events are not inpossible, just highly
i nprobabl e. Influenced, |ike Newton, by our culture, we falsely state that
t hese unlikely events cannot happen because the second | aw "forbids" them
from doi ng so

The second | aw of thernodynanmics, along with the arrow of tinme and
the notions of causality and deternminism arise as statistical statenents
about the likelihood of events that energe as principles we invent to
describe the world of everyday experiences.



O her, nore conplex and | ess universal |aws of physics appear to
ari se from _spontaneously broken symetries_. When a quantity such as
nomentum i s observed not to be conserved, we introduce the notion of
a "force" to break the corresponding spatial symetry. By this neans, the
force laws and other principles that give structure to the universe arise as
spont aneously broken synmmetries--accidental, uncaused events that occurred in
the first fraction of a second of the big bang as the expandi ng universe
cooled. The process can be likened to the formation of structure in a
snowf | ake from wat er vapor, or the nmagnetizing of a bar of iron cool ed bel ow
the Curie tenperature.

The Appearance of Structure

While the details of the symetry-breaki ng nechanismreferred to here
are not fully devel oped, and further work rmay negate this picture, we have at
| east one highly successful exanple of how the process of spontaneous
structure formation fromunderlying symmetry and chaos can have cone about.
The current theory of elenentary particles, the so-called _Standard
Model _ of quarks and I eptons (the electron and neutrino are exanpl es of
| eptons), agrees with all existing observations about the material world. In
two decades since its inception, no violation of the Standard Mddel has been
obser ved.

Wthin the framework of this nodel, electromagnetic and weak nucl ear
forces are viewed as | owenergy mani festations of a single, unified
_electroweak_ force that applies at higher energies and snall er distances.
At the level of nost observations, these forces are vastly different. The
el ectromagnetic force acts over nmacroscopi c di stances, while the
el ectroweak force is confined to the atonmc nucleus. The two forces differ
enornmously in strength. Yet the Standard Mdel treats themin a unified
fashion at high energies, and explains their differing structure by means
of spontaneous symetry breaking that occurs at | ower energies.

Further progress in understandi ng these fundanental mechani sms has
been sl owed by the canceling of the Superconducting Supercollider that
woul d have probed beyond the Standard Moddel. A |less anbitious (although
still gigantic) project is going ahead in Europe, but it will be a new
m | | enni um before physicists have the data they will need to determne
whet her spontaneous synmmetry breaking is indeed the process by which the | ans
of physics evolved in the first fraction of a second of the big bang.
Currently, all we can say is that we have one firmexanple, and many
t heoretical suggestions, that will not be tested experinentally for another
decade. Even if they all fail these tests, it seens highly unlikely that the
process will yield evidence for the creator of Judeo-Christian-Islamc
t heol ogy.

I mplications for Education

In critically exam ning evidence for or against intelligent design to
the universe, it nust be understood that we are followi ng the traditiona
practice of science, seeking a scientific explanation for observations about
t he universe that have been previously attributed to the action of
supernatural deity. Believers will call us nasty nanes, |like "atheist" and
"secul ar humani st," and accuse us of undermining faith and norality.
Certainly we cannot be dogmatic in our approach, or appear to be preaching a
religion of "scientism" |f we do, then we have no nore right to a piece of
the science curriculumthan the religionists.



As in any scientific investigation, we nust enphasize our conmtnent to the
scientific process and agree to accept whatever the concl usion of that
process may be. |If that conclusion is evidence for supernatura

intelligent design, then so be it. But if we cannot find such evidence, then
we should not feel conpelled to soothe the sensitivities of believers by

| eavi ng unchal l enged the assertion that their sectarian prejudi ces have
scientific merit. W nust speak out forcefully whenever anyone cl ai nms
scientific authority for beliefs that fail the objective tests of scientific
nmet hod.

| realize that the ideas | have covered in this essay will be very
difficult to explain in the classroom even at the university |evel where few
students study physics at anything nore than a mninmal, descriptive level--if
they study it at all. Nevertheless, we should not |leave the field open to
t hose who denonstrate no conmitnent to scientific truth

If teachers cannot understand or explain the devel opnents in nodern
physics | have outlined above, they can at |east enphasize the need to pursue
these issues in an open, objective, and rational fashion. They should point
out the logical flaws in the anthropic probability argument, that we nust
count all the possible ways that |ife may have devel oped. And they can
question the claimthat creation ex nihilo_ violates the |aws of physics,
that science requires a miracle to produce the universe.

At the | east, teachers should be nade aware of the fact that nodern
physi cs and cosnol ogy provide no conpul sion to introduce the uneconom ca
hypot hesis of a biblical creator. They nust resist those who woul d attenpt
to force their personal beliefs into the classroomthrough the back door of
"intelligent design."

The process in which we are engaged is the search for rational evidence for
or against intelligent design. It does not suffice to say that intelligent
design is possible, and proponents of intelligent design have no right to re-
cast the question as one in which the non-existence of intelligent design
nmust be proven. Wthin the franework of Cccanmis razor, intelligent designis
an added hypothesis and the proponent's burden is to denonstrate why it is
necessary to nmake this hypothesis.

| have argued that no evidence or rational argunent for intelligent design
can be found in either the data or the theories of nodern physics and
cosnology. |f the hypothesis of intelligent design is to be discussed in
sci ence classroons, then good sci ence nethodol ogy dermands that we nake cl ear
that this is an uneconom cal hypothesis that is not required by existing
scientific know edge.
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