






Figure 7. Modular nature of cilia. Each of the major component parts are
used in a wide range of other structures and functions. Cilia diagram from
Kenneth Miller’s Finding Darwin’s God. 8

Thus each of the major component parts of cilia has an independent life
elsewhere and thus cilia are highly modular. Even though some of these modules are
used in structures that are more complex than bacteria, they illustrate the principle
that each of these proteins can have functions that are independent of their function
in cilia. Although the examples of simplified cilia such as 9 + 0 without radial arms
or outer dynein arms show that the standard cilia are partially reducible, they do not
include samples that were totally devoid of dynein and or nexin. Yet the essence of
the irreducible complexity argument is that the probability of simultaneously
evolving all three structures — microtubules, dynein and nexin — is remote.
However, as we have seen in numerous prior examples, such as the citric acid cycle,
when the individual components can exist as modules for other functions, cooption
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allows them to be assembled into complex structures with a new function. As a task
for evolution and natural selection, putting the three cilia modules together would
not be difficult. 

Cilia are fine hair-like structures that wiggle and beat like a whip.
This motion can either move the cell itself or move things outside the
cell including food. There are three major component parts of cilia —
dynein, nexin and microtubules made of tubulin. The microtubules
are usually present as an outer circle of nine doublets and two central
singlets. This is called a 9 + 9 + 2 pattern. Dynein and nexin play a
critical role in the movement of cilia. Cilia are partially reducible in
that they can exist in a much simpler form of 3 + 0, and missing some
of the dynein, yet still function well. Cilia are highly modular in that
the three major component parts have numerous other uses in other
cells. As a task for evolution and natural selection, putting the three
cilia modules together would not be difficult.
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Complex creatures exist by virtue of slop, multiple use and redundancy.
Stephen J Gould

Eight Little Piggies 1p101

Chapter 13

Complexity—Flagella

The bacterial flagellum represents the flagship of the Intelligent Design examples
of apparent irreducible complexity 2 and with good reason. They are truly very
complex structures. Even published experts in the field have made Behe-like
statements. For example, in a 1978 review of bacterial flagella, Macnab 3 stated:

As a final comment, one can only marvel at the intricacy, in a simple
bacterium, of the total motor and sensory system which has been the
subject of this review and remark that our concept of evolution by natural
selective advantage must surely be an oversimplification. What advantage
could derive, for example, from a “preflagellum” (meaning a subset of its
components), and yet what is the probability of “simultaneous”
development of the organelle at a level where it becomes advantageous?

The key, as usual, is “simultaneous” development. The flagellum of the bacteria
Escherichia coli, the common bacteria of the human colon, is made up of
approximately 20 major proteins and another 20 to 30 proteins that play a role in its
construction. 4 Deletion experiments show that with few exceptions, when any of
these proteins are removed, the flagellum either fails to function or to be assembled.
While this meets the criteria of Behe 2 of being irreducible, it will be seen that this is
really pseudo-irreducibility. Although the bacterial flagellum fails to function or
assemble when parts are missing, the evolution of the flagellum was highly modular.
The presence of many independently functioning modules removes the criteria of the
individual parts needing to be “simultaneously” developed. It also eliminates the issue
of irreducibility since the modules that were coopted during the process of evolution
worked individually, before the other parts were added. 

The following discussion relies heavily on the paper by Matzke Evolution in
(Brownian) space: A model for the origin of the bacterial flagellum. 5 I have presented a
fairly detailed description of the evolution of flagella because it plays such a major
part in Behe’s claims of irreducible complexity. I invite the reader to skip to the red
summary at the end of the chapter if they are more interested in the conclusion than
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the gory details. Figure 1 shows a diagram of the bacterial flagellum with all of its
component proteins and genes.

Figure 1. Diagram of a typical bacterial flagellum, shown in cross section.
The names of substructures are given in bold, and the names of the
constituent proteins are given in regular type. From Matzke. 5 By
permission.

The cilia described in the previous chapter was a eukaryote flagella composed of
tubulin. Bacterial flagella use a different protein called flagellin. The model proposed
by Matzke makes extensive use of cooption or a shift in function for many of its
components. This is a characteristic of a modular system in which a component serves
a different prior function and is then coopted for use in the evolution of the
flagellum. Figure 2 summarizes the Matzke model.

Stages 1 to 6 are presented in more detail below. Function of the core system
refers to the functional state of the flagellum during evolution. Only at the last stage
does it have full flagellar function. The analogs refer to the independent functions of
the coopted modules before they became part of the flagellum.
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Figure 2. Function and analogs at each stage of the Matzke model. 5

By permission.

In the following discussion, the illustrations are all taken from Matzke. 5 Don’t be
put off by all the strange names. The names are not important; the concept of how
this very complex flagellum was able to evolve by extensive use of co- opting other
pre-existing modules is important. The structures in white have probable nonflagellar
homologs that are coopted to flagellar function. The structures in grey have possible
nonflagellar homologs also coopted for flagellar function. Export refers to the
transport of proteins from the cytoplasm of the bacteria to the periplasmic space
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between the inner and outer cell membrane (see Figure 1). When the transport also
crosses the outer cell membrane, it is called secretion.

The model begins with a primitive-type III export apparatus, with a passive,
inner membrane pore (1a) composed of proto-FlhA and FlhB.

The binding of FliF to this pore converts it to a more substrate-specific gated
pore (1b) capable of transporting different components of flagellin protein. 

As discussed in the section on the citric acid cycle, ATP is the primary currency
for energy exchange in living cells. ATP synthase is a critical enzyme for the
production of ATP and predated the development of flagella. DNA and protein
sequencing studies have shown a 30 percent homology between FliI, a flagellar
protein, and the F1 subunit of F1F0-ATP synthase. ATP synthase has a built-in rotor,
a perfect object for flagella to coopt for its own rotary purposes. 

The interaction of an F1F0-ATP synthetase with FlhA/B produces an active
transporter, a primitive type III export apparatus (1c). 

The existence of a non-flagellar type III export apparatus shows that the
argument that flagellar components are useless if they are not part of a fully
functioning flagellum is not true. It answers McNab’s and Behe’s question, “What
advantage could derive from a preflagellum?” the answer is that it is part of a
preexisting module that served as an export system for the bacteria. This is also an
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example of what I refer to as a pseudo-irreducible complex system. Removing a part may
inactivate the modern flagellum but many of its parts were able to function in the past
as modules. 

Another pre-existing module is the type III outer membrane secretion system.
This is the ancient general secretory (Sec) pathway for protein secretion by cells. 6

Cooption of a type III secretion system which, with the outer cytoplasmic ring,
converts the export apparatus into a secretion system passing through both
membranes.

A bacterium increases its chances of attaching to another structure by secreting
adhesion proteins called adhesins. These are coopted for use by the flagellum and a
mutation lets them bind to the outer side of the secretin (3a) and to then form a
five-part surface adhesin ring (3b).

The polymerization of this ring produces a tube, a primitive type III pilus (4a).
All further axial proteins are descended from this common pilin ancestor by gene
duplication. The binding together of multiple molecules of a pilin produces the cap
that increases the speed and efficiency of assembly (4b). A duplicate pilin that loses
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its outer domains becomes the proto-rod protein, extending down through the
secretin and strengthening pilus attachment by association with the base (4c).

The flagellar motor is made up of two proteins, MotA and MotB. They were
derived by cooption of the non-flagellar homologues, the Tol-Pal system, 7 members
of the important chemical transport family of proteins that predate flagella. Rotation
is aided by the interaction of MotA with FliG attached to the MS ring (FliF). (See
Figure 1.) 

In order to improve rotation, the secretin loses its binding sites to the axial
filament, becoming the proto-P-ring, and the role of the outer membrane pore is
taken over by the secretin’s lipoprotein chaperone ring, which becomes the
proto-L-ring (5b), and perfection of the L-ring results in 5c. 
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Chemotaxis refers to an attraction or repulsion to chemicals in the environment.
It is an ancient module found in bacteria, archaea, and eukaryotes. The proteins
involved are termed Che (A, C, Y, Y-P and others). The final step in the process is the
formation of the C-ring from the binding of a mutant proto-FliN, a CheC-like
receptor, to FliG. 

This produces the final product—a chemotactic flagellum (6). I have spent a lot of
time on the evolution of the bacterial flagellum because it is the centerpiece of the
Intelligent Design argument that some structures are so irreducibly complex that a
supernatural designer had to be involved. The essence of Behe’s ID argument is the
question, “How could flagella have evolved?” The Matzke model provides a
reasonable explanation of how this could have occurred. The bacterial flagellum is
reducible and it is modular. Darwin was right when he suggested that cooption would
play an important role in the evolution of complex structures. The widespread
cooption of pre-existing modules is how the flagella evolved by natural selection. 
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Despite the great complexity of the bacterial flagella, the Matzke
model shows that it is both reducible and highly modular. Darwin
was right when he suggested that cooption of previously existing
structures and functions would play an important role in the
evolution of complex structures. Widespread cooption is how the
flagella evolved by natural selection. 
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Chapter 14

Evolution Now: Introduction

A very common complaint of both creationists and Intelligent Designers is that
man has not been able to observe evolution actually occurring. It is all something that
happened in the past and thus is only hypothetical. The Creationists are all from
Missouri—“show me evolution occurring ‘now’ or I don’t believe it ever happened.”
By “now,” I will assume this refers to the time that scientific records have been kept,
or about the past 200 years. This could be referred to an “observable evolution,” or
“evolution in our time,” or “recent evolution.” In the following chapter titles I will
refer to it as “Evolution Now.” 

Definition of a darwin
Because part of this issue concerns the rate of evolution, it raises the question of

how to quantify the rate of evolution. In 1949 the geneticist J. B. S. Haldane 1

proposed a unit of evolution called the darwin. He sought to quantify the rate of
changes in body form, such as size, over time. To allow the unit to be applied to
animals of all sizes instead of referring to absolute size as in centimeters or feet, he
used percent change and chose a change of one percent as his unit for size. Since
geologic and evolutionary time periods are large, he chose one million years for time.
Thus a darwin referred to a one percent change in some measurement over one
million years. Haldane realized that the rate of change that animal breeders could
produce was much higher than one darwin. However, Haldane meant this to be a
measure of evolution as it occurs in nature. When evolution in nature is determined
from fossil records, most organisms evolved at a rate of less than one darwin. In
subsequent chapters, you will see that when examined carefully, some organisms
evolve in nature several thousand times faster than that. 

The first “Evolution Now” chapter recounts the story of one of the most famous
examples of evolution now—Industrial Melanism and the Peppered Moth. 
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Chapter 15

Evolution Now: The Peppered Moth
and Industrial Melanism

By the time of the mid-1800s the Industrial Revolution in England was in full
bloom. In the days long before the Clean Air Acts, cities like Manchester, England
became filled with dirty dust and soot. 

The sky resembled no sky on Earth so much as some Victorian vision
of hell; dark even at noon, with roiling plumes of black smoke. So foul was
the Manchester air in 1848, at the height of the Industrial Revolution,
that mothers, it was said, could barely make out the outlines of their
children across the street. 1p16

As much as 50 tons of industrial fallout settled over each square mile of the city
every year. The trees, houses, and every other surface around Manchester and the
other dark mill towns were coated with black soot. The pollutants ran down the tree
branches in rivulets, destroying the lichens that grew on the bark. Soon all the tree
trunks were stripped of lichens. 1p17  The Peppered moth, Biston betularia, f. typica,
sometimes called Amphidasys betularia, had a range that spread throughout England.
The last part of its name, typica, refers to the variety or sub-species.

Figure 1. The Peppered moth, Biston betularia, F. typica. From Coyne,
J.: Nature. 418:19, 2002. 2 By permission.
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In 1848, R. Edleston, an amateur moth collector living in Manchester, caught a
rare dark, or melanic, form of the Peppered moth (Figure 2). 

Figure 2. The Peppered moth, Biston betularia, F. carbonaria. From
Coyne, J.: Nature 418:19, 2002 2 By permission.

He called it Biston betularia, F. carbonaria. In the latter half of the nineteenth
century this black form spread rapidly throughout England. Edleston finally
published his find in 1864. 3 By that time there were so many of the carbonaria that
he wrote, “If this goes on for a few years the original type of B. betularia will be extinct
in this locality.” In fact, by 1895 the carbonaria form had reached a frequency of 98
percent in Manchester, and in many other places it had all but replaced the typica
form. The Peppered moth produces only one generation a year. Thus, to have virtually
replaced the typica form in fewer than 50 years represents an astonishingly rapid change.

The first person to suggest this rapid change was due to natural selection was J.W.
Tutt. In 1896 4 he proposed that the typica form was protected from predators by
mimicking the lichens on tree trunks. He proposed that in industrial regions where
the lichens had been destroyed by pollution and the tree trunks blackened by soot,
the typica forms lost their protective mimicry and were rapidly eaten by birds. By
contrast, the carbonaria forms flourished because now they were the ones that were
hard to see against the black tree trunks. Since the melanism was due to a genetic
mutation, the survivors passed this protection on to their offspring.

In some areas there was an intermediate form. These were called insularia. All
three forms were due to multiple alleles at a single genetic locus. 5 The carbonaria
form was dominant to the insularia and typica forms. This has been verified in studies
of over 12 thousand progeny from 83 families. 6

This was how the story of the Peppered moth and industrial melanism stood at
the turn of the century and for the following 50 years. It was a beautiful, even
fantastic, example of evolution in action. A dramatic change in the environment
resulted in the selection of a rare new or preexisting genetic variant that was now
better suited for survival and rapidly became more common in the population.
Breeding studies showed it was an inherited genetic change, just as Darwin predicted. 

One of the constant complaints of creationists was that the theory of evolution
was flawed because one could not see it happening “in our time.” They were not
deterred when evolutionists explained that evolution occurred gradually and took a
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long time. The creationists kept saying, “If you can’t show me, it does not exist.”
Biston betularia, F. carbonaria and industrial melanism allowed evolutionists to “show
them” the striking rapidity with which natural selection could operate. Evolution was
real and was occurring both in real time and in our time.

The brilliant Oxford geneticist John Burdon Sanderson Haldane further
enhanced the melanism story. In 1924 he published a paper on the evolutionary
genetics of the Peppered moth. 7 Based on the takeover of the carbonaria form in
fewer than 50 years, Haldane calculated that for this to have occurred so rapidly it
would require a selective advantage of 50 percent. Recall that prior to this Fisher had
calculated that a selective advantage of only one percent was sufficient to fuel
significant evolutionary change. Here was a selective advantage of 50 times that.

This raised a question that would take another 30 years to answer. What was the
mechanism of this rapid selection? Was the lichen-centered mechanism the answer?
Around the time that Haldane published his remarkable paper, Fisher had just met a
fellow dedicated Darwinist, Edmund Brisco Ford. They both dreamed of a way of
studying evolution not in the laboratory, but in nature, that was experimental,
rigorous, and above all, quantitative. 1p53

By 1937 E.B. Ford was a geneticist on the Oxford faculty. Bernard Kettlewell was
a medical doctor working as a general practitioner in Cranleigh, Surrey, south of
London. He was a passionate collector of butterflies and moths. On a collecting trip
to the Black Wood of Rannock, in the Scottish Highlands, he met Ford who was
there with a friend seeking a rare species of butterfly. 1p69 This chance meeting
blossomed into a long, although somewhat tumultuous, friendship. 

In 1951 E.B. Ford received a grant for studies in the field he had created,
Ecological Genetics. He turned to his old friend Bernard Kettlewell to carry out the
kind of studies he and Fisher had dreamed of years before. Kettlewell’s objectives
included direct observations of birds eating moths placed onto tree trunks and the
marking of typica and carbonaria moths with a small spot of paint, releasing them
and, after one to two days, recapturing them. They were then released onto trees in
polluted and unpolluted woodlands. 

The observation of birds preferentially eating moths depending upon their color
and background was actually filmed in cooperation with Niko Tinbergen, a
world-famous Oxford animal behavioralist. For example, in one filmed session
involving nonpolluted trees, Tinbergen observed a spotted flycatcher eat 46 black
moths and only eight typicals. The conclusion was that conspicuous insects were
more vulnerable to predation than inconspicuous insects. Figure 3 shows the typica
and carbonaria types on polluted and lichen covered trees.

The mark-release-recapture results were impressive. In the first such experiment,
done in a polluted Birmingham woodland, of 447 melanics released, Kettlewell
recaptured 123, or 27.5 percent. Of the 137 typicals released he recaptured only 18,
or 13.0 percent, a 2-to-1 ratio of melanics to typicals. Two years later he performed
the reciprocal experiment in an unpolluted woodland in Dorset. Of 496 typicals
released he recaptured 62, or 12.5 percent, but of 473 melanics release he recaptured
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only 30, or 6.3 percent, a 2-to-1 ratio of typicals to melanics in a reverse direction
compared to the prior experiment. 8,9 He summarized his findings in a famous 1959
paper in Scientific American entitled “Darwin’s Missing Evidence.” 10

The enactment of clean air acts in England and the United States further
enhanced the Peppered moth story. In England these acts began to be implemented
in 1956. By the 1980s three different surveys documented an extraordinarily rapid
decline in the frequency of the carbonaria form, from over 90 percent to 40 percent.
By 1994 in one survey it had decreased to 20 percent. 11 With comparable industrial
polution there was a similar increase in the frequency of melanic forms of the
Peppered moth in the United States. In an area near Detroit it had increased from
zero to 90 percent. With the passage of clean air acts in 1963 the frequency of melanic
forms in the same areas also dropped to 20 percent by 1995. 1p16

Kettlewell’s studies of industrial melanism rapidly became the poster boy for
providing proof of Darwin’s theory of evolution. The pictures in Figure 3 and others
have been reproduced in countless textbooks of biology. The beauty of the Peppered
moth story is that it is so easy to both see and to understand. One could not possibly
dream up a better example and proof of the correctness of Darwinian evolution and
natural selection. Or could they?

Attacks on the Peppered Moth Story
An attack on the Peppered moth story was launched largely with the help of

Kettlewell’s own scientific colleagues. While the creationists and Intelligent Designers
have carried the banner, waved the anti-evolution flags and beat the drums, in fact,
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Figure 3. Left. Carbonaria (top) and typica (bottom) Peppered moths on
polluted tree trunks. Right. Typica (top) and carbonaria (bottom)
Peppered moths on nonpolluted lichen-covered tree trunks. The carbonaria
form on the left and the typica form on the right were so hard to see they
have been marked with a red arrow. These are posed pictures.



all they really had to do was sit back and pick up the pieces, with great glee. They
pounced on this scientific debate with the same fervor that they pounced on
“punctuated equilibria” when they overinterpreted the scientific debate and claimed
that Eldridge and Gould had disproved Darwinism. The following are some of the
slings and arrows that were unleashed. I will start with what Jonathan Wells said in
his chapter on Peppered Moths in his anti-evolution book, Icons of Evolution. 12

• Imperfect correlation with pollution. On both the upswing and the downswing,
after the clean air acts there was not a precise match between the frequency of the
carbonaria form and areas that were or were not polluted. 

• The exaggerated role of lichens. The primary reason for suggesting that the typica
form survived in nonpolluted areas was because they mimicked the presence of
lichens on the trees. When the typica form increased in frequency after the Clean
Air Acts were enacted, they did so before lichens returned to the trees. The same
thing happened in the Unites States. The typica form increased without changes
in lichen cover.

• Peppered moths don’t rest on trees. Kettlewell placed all of his moths on tree trunks.
However, Cyril Clarke, who was also an avid collector of Peppered moths, stated
that in his many years of field work he had only seen the Peppered moth on a tree
trunk once. The Peppered moth is nocturnal. During the day, they stay on the
underside of leaves, not out in the open on tree trunks.

• The Peppered moth pictures were staged. Based on the positioning of the antennae
and other aspects of the moths, it was clear that in some of the pictures the moths
were dead and these photos were staged. In other pictures the moths were alive,
but still staged.

• Birds and UV vision. While the studies of Kettlewell utilized evaluations based on
human vision, birds use the ultraviolet spectrum in their vision. Thus, they may
see past what looks like camouflage to human eyes.

• Jerry Coyne’s Santa Claus comment. In the November 5, 1998 issue of Nature, 2

Jerry Coyne, a professor of ecology and evolution at the University of Chicago,
reviewed a book by Michael E.N. Majerus entitled Melanism: Evolution in
Action. 13 In the book, Majerus listed a range of criticisms of Kettlewell’s studies.
These included such things as A.) the moths do not usually rest on tree trunks,
B.) bird vision is different than human vision, C.) the high densities of moth
placement may have skewed the results, D.) problems with the timing of release,
and others. Despite all his criticisms, Majerus still believed that Kettlewell’s
conclusions about the mechanism of natural selection were valid. Majerus stated,
“My view of the rise and fall of the melanic Peppered moth is that differential
bird predation in more or less polluted regions, together with migration, are
primarily responsible, almost to the exclusion of other factors.” 

Jerry Coyne, however, was “horrified.” 1p283 He had been teaching the
standard version of the Peppered moth for years. He concluded, “we must discard
Biston as a well-understood example of natural selection in action, although it is
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clearly a case of evolution.” He capped off his comments with the statement, “My
own reaction resembles the dismay attending my discovery, at the age of six, that
it was my father and not Santa who brought the presents on Christmas eve.” Talk
about fodder for the creationist’s anti-evolution diatribes. This was music to their
ears. Here a member of the evolution establishment was trashing one of its own
icons of evolution. 

• Hints of fraud. To make matters worse, in her generally delightful book entitled,
Of Moths and Men, Judith Hooper even implies that Kettlewell fudged his results.
This was based in part on that fact that Kettlewell wrote to Ford about some
initial disappointing recapture results. Hooper stated:

We don’t know exactly what state Bernard [Kettlewell] was in, but we
can deduce something of it from a letter dated 1 July from Henry [Ford],
who wrote, “It is disappointing that the recoveries are not
better…However, I do not doubt that the results will be very well worth
while.” The message sounds benign enough, but knowing Henry, Bernard
might have decided it to mean, “Now I do hope you will get hold of
yourself and deliver up some decent numbers.” He now felt that his fate
as a scientist was hanging on this experiment. 1p114-115

Hooper notes that the percent of recaptures immediately and dramatically
increased after Kettlelwell got the note from Ford. Based on these problems,
Wells gleefully termed the Peppered Moth study “the Peppered Myth.”

Defense Against the Attacks
Are these criticisms fatal or are they simply the normal critical examination of

studies by colleagues that takes place all the time and contributes to the power of
science to find the truth? I will examine each issue.

The imperfect correlation with pollution. In general the correlation between the
frequencies of the carbonaria form and the presence of pollution was quite high.
However, it was not perfect. Unlike the pictures, the moths are not glued to the trees.
They fly around and migrate from place to place. 

The exaggerated role of lichens. In 1996 Sir Cyril Clarke, Grant and Owen wrote:

The changes in allele frequencies in the moth populations we sampled
occurred in the absence of perceptible changes in lichen floras. We suggest
that the role of lichens has been inappropriately emphasized in chronicles
about the evolution of melanism in peppered moths. 14

However, they did not just leave the mechanism of selection hanging. They
added that regional reductions in the soot component of atmospheric pollution
meant that the surface reflectance from tree bark, even in the absence of lichens,
would be lighter. 14,15 Grant and Howlett 16 also suggested that well-documented
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increases in the abundance of silver birch trees following the establishment of
“smokeless zones” also changed the habitat. 

In both Britain and the United States, the frequencies of the carbonaria form
closely paralleled the increase and decrease in the levels of atmospheric sulfur
dioxide. 14 It had been assumed that sulfur dioxide was killing the lichens and this
affected the relative predation by birds. The observation by Clarke and colleagues that
the increases and decreases in carbonaria frequency could occur in the absence of
changes in lichens suggested the sulfur dioxide could work through a mechanism that
was independent of bird predation. This work was covered in The New York Times
with the statement, “While it is unclear exactly how natural selection is acting, it is
very clear that selection is hard at work.” 17

Majerus 13 was not convinced and felt the Clarke report was not sufficiently
detailed to make this sweeping generalization. In addition, a report by Cook 18 found
that after the clean air act there was an increase in lichens in the most polluted areas,
and this was reflected in an increase in the typica form.

As in most scientific quarrels, it is likely that both sides have a part of the truth.
Lichens and bird predation were a factor, but not the only factor, leading to the
changes in the frequency of the carbonaria form of the Peppered moth. However, both
bird predation and the other factors acted through the mechanism of natural selection.

Peppered moths don’t rest on trees. Peppered moths are nocturnal, and during the day
they hide under the leaves, not on the tree trunks. Despite this, the above conclusion
that bird predation and other factors cause differences in natural selection of the
carbonaria and typica forms is still valid. In addition, recall the description of the level
of pollution, at the beginning of this chapter. The soot and dirt were everywhere,
providing plenty of places other than tree trunks for a carbonaria form to hide from
birds.

Peppered moth pictures were staged. Given the difficulty of finding a typica and a
carbonaria moth conveniently sitting next to each other on both a blackened tree
trunk and a lichen-covered tree trunk, it is not surprising that Kettlewell placed living
or dead moths on representative pieces of tree trunk simply to illustrate to the reader
what he felt was the mechanism of the natural selection. As the above comments
illustrate, the real story was not that straightforward. The staging of the tree trunk
pictures does not change the real picture of a dramatic increase in the carbonaria form
in polluted areas and the dramatic increase in the typica form when the pollution was
eliminated, and of the replication of this pattern on two continents.

Birds and UV vision. Later research has shown that the moths are camouflaged in
ultraviolet as well as in visible light. 19,20

Jerry Coyne’s Santa Claus comment. Despite his Santa Claus comments, in a
review of Hooper’s book, Coyne 2 strongly defends Kettlewell. Coyne refered to a
colleague who described Kettlewell as “the best naturalist I have ever met, and almost
the worst professional scientist I have ever known.” As to Ford’s letter he states, “This
sounds familiar; many of us have offered similar consolation to students having a hard
time in the field.” As with Young and Musgrave (see next page) Coyne attributes the
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sudden increase in recapture rate on July 1 to a marked increase in the number of
moths released, not to fraud. And yes, there were some problems with the study
design, “but sloppiness is not fraud.” Coyne suggests that Hooper unfairly smeared a
brilliant naturalist.

Hints of fraud. Hooper 1 suggested that the sudden increase in moth recapture
rate on July 1, the day Ford sent his letter “of encouragement,” does not pass the
fraud smell test. Young and Musgrave 20 presented a detailed response to this charge.
They point out that from June 25 to 29 Kettlewell released an average of 31 moths
per day and recovered (with a one-day delay) an average of 4.4 moths per day. On
June 30 he released 102 moths, and on the morning of July 1, before he could have
gotten Ford’s letter, he released 114 moths. This resulted in an average recapture rate
of 28.5 per day. On further analysis of the entire recapture experiment, Young and
Musgrave showed there was a very high correlation (r = .80) between the number of
moths released and the number recaptured. Thus, an increased release rate rather
than fudging data in response to Ford’s letter accounted for the jump in recapture
rate. As further evidence of the validity of Kettlewell’s findings, Majerus 12 reviewed
five other subsequent studies, using modified experimental designs, that
corroborated the fitness differences between carbonaria and typica in polluted and
unpolluted regions.

In summary, no scientific study is perfect. As a scientist who has sat on many
NIH study sections, reviewed hundreds of manuscripts, and had my own papers
reviewed, I can say with confidence that virtually every study, every paper, and every
grant receives its healthy share of criticism, with a special emphasis on methodology.
A truism is, “If you don’t like the conclusions, attack the methods.” But that is the
power of science. No scientist is immune from having their work very carefully
examined. Sometimes the process is so contentious that good studies don’t get
published and many more don’t get funded. When all of the difficulties of the type of
study Kettlewell carried out are examined, it is questionable whether anyone could
produce a study that could not be criticized. Despite all the criticisms the current state
of the Peppered moth as an “icon of evolution” is well summarized by Grant. 21

The similarity of patterns between the British Isles and North
America indicate parallel evolutionary changes that cannot be explained
by anything other than selection acting independently on similar
phenotypes in widely separated populations of the same species. On both
continents, high frequencies of melanism and subsequent reductions
correlate well to the same key factor: atmospheric pollution from regional
industrial development and urbanization. No other evolutionary force can
explain the direction, velocity, and the magnitude of the changes except
natural selection. Certainly there are other examples of natural selection.
Our field would be in mighty bad shape if there weren’t. Industrial
melanism in Peppered moths remains one of the best documented and
easiest to understand.
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Contrary to Jonathan Wells’s characterization of the Peppered moth as “the
Peppered Myth,” with qualifications, the Peppered moth and industrial melanism still
deserve to be in textbooks as classical examples of natural selection and of evolution
in action and in our time. 

The dramatic and rapid increase in the frequency of the black or
melanic form of the Peppered moth in areas of England and the
United States most severely affected by industrial pollution, and the
equally dramatic decrease in the frequency of the blackened form after
Clean Air Acts decreased the soot and sulfur dioxide in the
atmosphere, is a classic example of natural selection. To attempt to
determine the mechanism of selection, Bernard Kettlewell performed
a series of experiments consisting of marking both forms of the moth,
releasing, and later recapturing the survivors. He found that in
polluted areas where the tree trunks and everything else were
blackened, birds had difficulty seeing the black form and more of
them survived. In nonpolluted areas, where the tree trunks were white
due to lichens, birds had difficulty seeing the whiter form of the moth
and more of them survived. This has been touted in textbooks as a
classic example of natural selection.

Since these experiments, there have been many criticisms of
Kettlewell’s methods and of the basic hypothesis on which the study
was based. As shown in the above discussion, it is clear that while
some of these criticisms are valid, some are not. Despite this,
industrial melanism as exemplified by the Peppered moth remains a
powerful example of natural selection and of evolution in action and
in our time.
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                                …the more you look, the more you see
Peter Grant

Ecology and Evolution of Darwin’s Finches

Chapter 16

Evolution Now: Darwin’s Finches

It is a common misconception that Darwin first formulated his theory of
evolution when the H. M. S. Beagle brought him to the Galapagos Islands where he
noticed that the beaks of the finches were different on each island. He thought, as the
myth goes, that a divine creator would have made a single species for all islands and
that evolution involving natural selection would have fashioned each bird to match
the type of seeds and the environment unique to each island. 

Nothing could be further from the truth. In actuality, Darwin misclassified most
the finches he collected as blackbirds, wrens and warblers and did not even bother to
note which island they came from. 1,2 He thought they all represented species from the
mainland of South America. He only noted the islands of origin for the mockingbirds
he collected. 

In his Pulitzer Prize-winning book, The Beak of the Finch, Weiner 3p27 notes that
Darwin’s earliest thoughts relevant to evolution came on the voyage home. In his
notes he states that the mockingbirds on two of the islands seemed unique to those
islands. He thought they were only varieties, but then wondered—“What if there
were no limits to their divergence? What if they had diverged first into varieties, and
then gone right on diverging into species, each marooned on his own island.” As
Weiner recounts,

Darwin wrote, “the zoology of Archipelagoes—will be well worth
examining, for these facts undermine the stability of Species.” Then, in a
scribble that foreshadowed two decades of agonized caution, Darwin
inserted, “[this] would undermine the stability of Species.”

On January 4, 1837, two months after the Beagle docked in Falmouth, England,
Darwin gifted his bird collection to the Zoological Society of London. Immediately
after examining these study skins, the ornithologist John Gould announced that they
consisted of 14 new species that were unique to the Galapagos. 3p28 In addition,
Gould also noted that the mockingbirds Darwin brought home were different
depending upon the island from which they originated. 
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To determine if the finches also showed island-to-island variations, Darwin had
to ask Fitzroy, the captain of the Beagle, if he could examine the birds Fitzroy and
other shipmates had collected and labeled by the island of origin. While Darwin
described the finches in his initial draft of The Origin of Species, he did not mention
them in the final version, possibly because of the haphazard way he had handled the
labeling of the specimens. Thus, mockingbirds, not finches, played the major role in
the beginnings of Darwin’s thinking about the origin of the species. 

The following passage from his memoirs of The Voyage of the Beagle, written years
later, probably contributed to the myth, 

In the thirteen species of ground-finches, a nearly perfect gradation
may be traced, from a beak extraordinarily thick, to one so fine, that it
may be compared to that of a warbler. I very much suspect, that certain
members of the series are confined to different islands…

Despite this imperfect record, the finches of the Galapagos are now known as
“Darwin’s finches.”

Figure 1. The Galapagos archipelago. The tiny island of Daphne Major is
north of Santa Cruz island. 4 Courtesy of Mountain High Maps,
Bugbog.com.
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Studies by the Grants
Peter and Rosemary Grant studied Darwin’s finches on Daphne Major, one of the

smallest islands of the Galapagos archipelago (see Figure 1). Their studies lasted
continuously from 1973 into the twenty-first century, the longest period of time ever
recorded for such work. They have produced the most detailed record of evolution in
action ever compiled. The results, eloquently related in Weiner’s book, 3 have enormous
relevance to the understanding of many of the most fundamental aspects of evolution.

The small size and remoteness of this uninhabitable island allowed the Grants to
record a vast array of variables about the birds and their environment over the months
they were on the island, without concern that things would be disturbed when they
were not there. These variables included measures of the length, width, and depth of
the birds’ beaks; body weight, wing span; all of the species of plants; the size of all the
seeds on the island; the amount of pressure required to break open the seeds; which
birds ate which seeds; who mated with whom; who was left out of the mating game;
how many progeny each bird had; who their parents, grandparents, and
great-grandparents were; when each bird died; and many other important facts.
Darwin’s ground finches, from a drawing by the Grants’ daughter Thalia, are shown
in Figure 2.

Figure 2. Darwin’s ground finches drawn by Thalia Grant. From
Jonathan Weiner, The Beak of the Finch. 3
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A pair of male (dark) and female (brown) finches in color are shown in figure 3.

Figure 3. A pair of Darwin’s finches from The Zoology of the Voyage of
H.M.S. Beagle, Under the Command of Captain Fitzroy During the
Years 1832 to 1836. 5

The Drought
For the first several years of the Grant’s data collection, not much happened.

Then in 1977 there occurred one of the worst droughts ever recorded on the
Galapagos. Figure 4 shows the changes this wrought on Geospiza fortis.

There was a dramatic decrease in the number of birds, with males dropping from
600 to 150 and females dropping from 600 to 25. The survivors were 6 percent larger
than before the drought. The length of the bill increased from 10.68 to 11.07mm and
the depth of the bill increased from 9.42 to 9.96 mm, when the birds before the drought
were compared to the drought survivors. While an increase in the depth of the bill of
only .54 mm may seem miniscule, it is a 5.7 percent change. As with the Peppered
moth, this was one of the most intense episodes of natural selection ever recorded in
nature.

These careful measurements showed that in the drought, when only the largest
and most difficult seeds to break were available, the larger birds with the longest and
thickest beaks were the ones to survive. This change, so small it is hard to appreciate
by the naked eye, made the difference between life and death for the finches.
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Figure 4. Changes in Geospiza fortis following a severe drought on
Daphne.

As Peter Grant stated, natural selection takes place within a generation while
evolution takes place across generations. Figure 1 shows the results of natural
selection. Because data was also collected on mating, breeding, and offspring, it was
also possible to study evolution. This also held some surprises. Because there were
plenty of males but only a few females, each male had only a one in six chance of
passing on its genes.

Remarkably, the females seemed to sense the crisis and only picked as partners
birds that were the blackest, had the most mature plumage, were the largest, and had
the largest beaks. Most of the males were left out of the mating game while every
single female mated. Since the surviving females were also the largest, this, plus the
choice by the females of the largest males, contributed to a 5 percent deeper bill in
the next generation. This was evolution in action, resulting in larger, stronger birds
with deeper bills—better equipped to open the largest seeds. 

A statistical analysis showed selection was the strongest for body size and depth
of beak. There was no selection for the length or width of the beak. Peter Grant
wrote, “a narrow yet deep bill was the best instrument for performing the difficult
task of tearing, twisting, and biting the mericarps [seed covering] of the Tribulus
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[plant] to expose the seeds.”
This study proved Darwin correct when he proposed that evolution works by the

natural selection of genetic variations that cause small changes but provide greater
fitness and are passed on to subsequent generations. He undoubtedly would have
been surprised by the incredible speed of the rate of these changes. More on this later.

The results of the Grants’ study raised a number of intriguing questions. First,
why didn’t evolution just keep producing larger and larger birds who were better and
better at uncovering the Tribulus seeds? It also raised the question of why evolution,
as measured in the fossil record, progressed at less than 1 darwin per million years,
while G. fortis posted a rate of 25,000 darwins? One could argue that this rate jumped
because of extreme environmental stress, but surely there would be many comparable
stresses over a period of a million years. These should be compounded to push the
number of darwins to still higher levels. The answer came quickly.

The Flood
In 1982 the weather on Daphne went to the opposite extreme. December of that

year saw rains that were greater than any since the founding of the Charles Darwin
Research Station in 1960. The plant life was going from desert to jungle. One of the
research team said, “The birds went crazy. The year before there had been no breeding
at all. Now they bred like hell.” 3p101 Females produced up to 40 eggs and up to 25
offspring per bird. One female went through four males, one after the other.

There were now ten times as many small seeds on the ground and big birds with
big beaks had trouble feeding on the small seeds. An analysis of the data after the
flood showed that now selection was reversed. Big birds with big beaks were dying
while small birds with small beaks were surviving. Since they were larger they had to
eat more seeds to stay alive. 3p105 In addition, males were dying at a faster rate than
females. Thus, in flood conditions everything was the reverse of the selection that
occurred in drought conditions. 

The finding that drought pushed evolution in one direction while floods pushed
it in the opposite direction provides us with great insight into several apparent
problems in evolution. When examined over longer periods of time, organisms
appear to evolve very slowly at a fraction of a darwin. However, the closer the observer
examines life the more rapid the evolution, in some cases reaching over 60,000
darwins. The reason evolution appears to move so slowly over long periods of time is
now clear—the rapid oscillations cancel each other out.

This could also explain both the punctuations and the equilibria of punctuated
equilibria. The punctuations would occur when severe environmental stress
accelerated variation and then speciation. Equilibria would occur when
environmental stresses were balanced, thus resulting in balancing of the short-term
but large evolutionary changes into long-term minor evolutionary changes. 
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Principle of Divergence
While competition among species is at the heart of Darwin’s Theory of

Evolution, he also proposed a Principle of Divergence. Here he predicted the general
absence of competition. He proposed that in a large group of organisms all competing
for the same food, variants might be different enough that they would occupy
different habitats and thus significantly reduce competition. This would result in
adaptive radiation (Figure 5).

Figure 5. The principle of adaptive radiation with the evolution of
different beaks suited to different environmental conditions.

In 1947 David Lack published a book entitled Darwin’s Finches. 6 He found that
in low-lying islands without mountains, either G. fuliginosa with small beaks or G.
difficilis with sharp beaks were present, but never both. Here the competition was so
great only one species survived. However, in islands with mountains, both species
were present, but they occupied different ecological niches. The G. fuliginosa
occupied the base of the mountain while the G. difficilis were near the top. 

This supported Darwin’s Principle of Divergence, or competitive exclusion. By
adopting two different habitats, the two species could exist on the same island without
competing with each other. Animals may evolve such that their physical characteristics
are sufficiently different to allow them to occupy these different ecological niches, and
thus escape from deadly competition. This is called character displacement.
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Speciation by Hybridization
The Grants found that mating between species was rare, and under usual

environmental circumstances the offspring of hybrids did not survive. However,
following the flood, the competition for food was relaxed sufficiently for the offspring
of those rare hybrids to survive. Hybridization between two related species has the
advantage that it increases the range of genetic variation in an individual. Greater
genetic variation increases the potential to survive dramatic changes in the
environment. The Grants pointed out that while rare, this was another tool to
facilitate speciation.

Death Knell to Anti-Evolutionists
These studies of the finches of the Galapagos rang a death knell to the many

complaints of the Creationists. These studies showed that evolution is an ongoing
process and that it occurs now and in our time. They explain why some species
remain static over long periods of time while some rapidly diversify. Thus they explain
both the punctuation and the equilibria of punctuated equilibria. They explain
speciation by geographical separation (allopatric speciation) and evolution without
geographic separation (sympatric speciation). They illustrate the intimate and often
reciprocal interaction between animals and their environment. They validate
Darwin’s Principle of Divergence, competitive exclusion and character displacement
by which species can actually escape from competition. They explain why the rate of
evolution is often a fraction of a darwin when the fossil record is examined, but can
be as high as 60,000 darwins when the interaction of a species with extreme
environmental changes is examined over short periods of time. These studies falsify
the claim that there is not enough time for evolution to occur. 

The Creationists’ Anti-Evolutionary Spin
In view of the above I was astonished to see Darwin’s Finches and Weiner’s book

on the Grant’s work mentioned in Jonathan Wells’s anti-evolution book Icons of
Evolution. 7 I would think that the last thing the creationists would want to do would
be to call attention to this marvelous body of work. What possible spin could they
come up with to claim this was evidence against evolution? The following is what
Wells did. 

First, rather than simply taking note of the interesting historical fact that Darwin
was not that invested in the finches that were named after him, Wells treats this fact
as some sort of conspiracy by evolutionists to mislead the public. In scientific studies,
the record about who really discovered what gets corrected all the time without
affecting the validity of the basic facts.

Second, Wells then attacks the beautiful studies of the Grants by saying that they
did not actually observe speciation occurring and implied that the increase in beak
size brought about by the drought would always be reversed by periods of flooding.

Finally, he attacked the Grants’ studies on hybrids by claiming they prove that
species fusion by hybridization is more common than species diversification. This
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ignored the statement by the Grants that cross-species hybridization is a rare event.
The fact that over the lifetime of the earth over one billion species have evolved
further indicates the absurdity of this claim. 

The beauty of the finch studies is that they were field studies of actual evolution
in action. They illustrated the mechanisms by which evolution occurs and
illustrated the rapidity by which those changes can take place. The existence of
many different ice ages; of continental shifts with the formation of mountains
where sea bottoms once were and sea bottoms where mountains once were; the
transformation of jungles into deserts and deserts into jungles; the occurrence of
major climate change due to asteroids impacting the earth; and many other forces
of nature have produced prolonged and lasting changes in both local and
world-wide environments. The presence of these forces illustrated that in many
cases the environmental changes continue in only one direction rather than
undergoing short balancing cycles.

The Grants were observing the equilibrium part of punctuated equilibria.
Punctuations resulting in new species are rarer. For a given trait, species tend to differ
by 15 percent or more. If a single season of adverse climate were able to produce a 5.7
percent change, it would not require more than three or four successive seasons of the
same type of adversity to result in a new species. 

Now that we have observed the mechanism of evolution in action, it requires only
a trivial amount of thinking to understand that when the environmental changes are
unidirectional, new species and new punctuations can occur quite rapidly. Wells’s
slavish dedication to creationism seems to prevent him from this line of thinking.
Strong support for the importance of climate in evolution is provided by detailed
studies of 80,000 mammal fossils in three regions in Spain, covering a period of 22
million years. 9 Climate changes were assessed by geological and astronomical records.
These studies showed that the evolution of new species was driven more by long-term
climate changes than by competetion between species.

Studies of the finches of the Galapagos ring a knell to the
complaints of the creationists. These studies show that evolution is an
ongoing process and that it occurs in our lifetime. They explain why
some species remain static over long periods of time while some
rapidly diversify. They explain both the punctuation and the
equilibria of punctuated equilibria, and speciation both with and
without geographical separation. They illustrate the intimate and
often reciprocal interaction between animals and their environment.
They explain why the rate of evolution is often very slow when the
fossil record is examined, but can be very rapid when the interaction
of a species with extreme environmental changes is examined over
short periods of time. They especially falsify the claim that there is not
enough time for evolution to occur. 
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Other Examples. The stories of the Peppered moth and Darwin’s Finches are so
effective in illustrating the concept that evolution is an ongoing process and is
occurring now that additional examples are not necessary. However, for the interested
reader, John Endler, in his 1986 book, Natural Selection in the Wild, 8 listed examples
of natural selection in over 110 species, often with multiple examples per species. 
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Chapter 17

The Evolution of Man

While the theory of evolution and the origin of the species was a troubling
concept for many, especially theologians, the idea that man evolved from the apes was
especially difficult to accept. In his Icons of Evolution, Intelligent Design creationist
Jonathan Wells simply resorts to denial by suggesting that the descent of man from
lower primates is simply a myth, by pointing out that the Piltdown Man, once
considered one of the supposed “missing links,” was later found to be a fraud, and by
pointing out that Neanderthals were not really direct ancestors of man. 1p208-228 The
latter two points are well-known truths in evolution science and have no relevance to
the overriding fact that 99 percent of the DNA sequence of humans and chimpanzees
is identical, a clear indication they are closely related species. 

Another common tactic has been to simply ridicule the notion that man is a
primate rather than address the science. This common approach is illustrated by the
religious controversy that met the release of Darwin’s The Origin of Species, which
culminated in a debate between Thomas H. Huxley, an avid proponent of Darwinian
evolution, and Bishop Wilberforce, the Bishop of Oxford, England. The bishop
attempted to put away his debating opponent by asking which side of his family did
he claim was descended from the monkeys. Huxley’s famous rejoinder won the day: 

I would rather have a miserable ape for a grandfather than a man
highly endowed by nature and possessed of great means and influence, and
yet who employs these facilities and influence for the mere purpose of
introducing ridicule into a grave scientific discussion. 

Nonetheless, the pain many felt about being just one more animal and one more
twig on the evolutionary tree, rather than the unique image of God created by God,
persisted and has been one of the issues most fought over by creationists. 

Twelve years after the publication of The Origin of Species, Darwin published
Descent of Man and Selection in Relation to Sex. 2 There was very little fossil evidence
at that time relevant to the descent of man. Instead Darwin listed a wide range of
human features that had a similar structure and function in animals, including
primates. In the section on the mind of man he stated the following:
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The differences in [the] mind between man and the higher animals,
great as it is, certainly is one of degree and not of kind. We have seen that
the senses and intuitions, the various emotions and faculties, such as love,
memory, attention, curiosity, imitations, reason, etc., of which man
boasts, may be found in an incipient, or even sometimes well-developed
condition, in the lower animals. 

Since Darwin’s time a great deal more has been learned about the evolution of
man. This remarkable journey is often considered to have entailed some of the
following important steps: descent from the trees into the savannah or grasslands,
walking upright, use of tools, development of speech and language, an increase in
brain size, and the development of greater intelligence. The purpose of this chapter is
to cover these aspects of human evolution. Since a main subject of this book is an
examination of our analytical and spiritual brains, these aspects of human evolution
will be examined in later chapters.

Lemurs — Our Earliest Ancestors
One of the earliest stages in the evolution of man involved the movement of the

eyes from their usual position on either side of a large snout, as in the dog, to a more
forward position. These early ancestors were the tree-living lemurs from the island of

Madagascar and the tarsiers from Malaysia.
The advantage of forward-set eyes is that

it provides improved three-dimensional
vision, well suited for navigating without
falling from the trees. The lemurs survived
the K/T mass extinction that killed off the
dinosaurs. We owe them a great debt for if
they had not survived the devastation of the
Yucatan comet, we would not be here. These
small mammals with five strong fingers on
each limb and a prehensile tail were the
ancestors of other tree dwellers. To survive in
the jungles of Africa, a larger and sturdier
primate called Proconsul africanus (Figure 2)
evolved. Proconsul thrived, spread
throughout Africa and Asia and gave rise first
to gibbons and orangutans, then to African
gorillas and chimpanzees.

Descent to the Savannah and Bipedalism
About 6 million years ago a dramatic shift in climate occurred in Africa that

lead to a decrease in the amount of land devoted to the jungles and forests and an
increase in open savannahs. To survive the increasingly stringent struggle in the

174

Chapter 17. The Evolution of Man

Figure 1. The lemur, a very early ancestor of man. 2a



forests, our ancestors came out of the trees to occupy this expanding habitat in the
Great Rift Valley. This resulted in the environmental stimulus to push the evolution
of many new features. One of the most important was the shift to an upright
posture with locomotion by walking on two legs (bipedalism). Numerous benefits
of this have been suggested, including better vision in the tall grass, better access to
food, better regulation of body temperature by exposing less surface to the African
sun, 3 and freeing up the use of the hands for carrying food and children and for
making tools. 

William Leonard of Northwestern University proposed that bipedalism evolved
in part because it uses much less energy than walking on all fours. 3 Apes and
monkeys living in the dense forest can obtain all the food they need within a
one-mile radius. In the grasslands, food is harder to come by and may require
traveling six to eight miles. The energy expended in acquiring food compared to the
energy produced from the food, has important adaptive features for survival and
reproduction. The increased efficiency of energy use brought about by bipedalism
allows more energy for reproduction.

An additional effect of coming out of the trees was that now our ancestors
roamed the savannahs in groups in search of food. Cooperation between individuals
and groups of individuals made the task of finding and killing prey easier. These
circumstances saw the earliest beginnings of human social structure. 

The Human Tree
The ancestors to Homo sapiens separated from the chimpanzee about 5 to 6

million years ago (myr). 4 What then followed is the evolution of a complex mixture
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Figure 2. Proconsul africanus an ancestor to hominoid apes. 2b



of different species with varying degrees of human traits. The names and times of
appearance and disappearance of these species are shown in Figure 3. 

Figure 3. The time scale and evolution of human ancestors (hominids).
Pan troglodytes (chimpanzee), Pan paniscus (bonobo), Gorilla gorilla
(gorilla), and Pongo pygmasus (orangutan). After Carroll, S. B. Genetics
and the making of Homo sapiens. Reprinted by permission. Macmillan
Publishers, Ltd. Nature. 422:849-857, 2003. 5

Since the exact ancestral relations between these species are not known they are
presented as separate independent bars. Note that Homo sapiens had a very late
appearance of approximately 200,000 years ago. Pan troglodytes, or the chimpanzees,
are our closest relatives among living primates. The ancestors in the human line after
divergence from the chimpanzee line are referred to as hominids.

African Mitochondrial Eve
I have previously described the analysis of DNA and ribosomal RNA sequences

to determine evolutionary relationships between species. The cytoplasmic
mitochondria have their own circular DNA, independent of the nuclear DNA. Since
the rate of mutation is much greater than for nuclear DNA, it is ideal for
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determining evolutionary relationships between species and races that have diverged
only recently.

Alan Wilson, Rebecca Cann and coworkers at the University of California,
Berkeley, utilized the studies of mitochondrial DNA to examine the relationships
between different racial groups. 6 They collected 147 samples from all over the world.
In addition to its small size and higher mutation rate, mitochondrial DNA differs
from nuclear DNA in that it is passed only from the mother to her offspring. This is
because the mother’s eggs contain mitochondria which are easily passed to the
fertilized egg, while the small number of mitochondria in father’s sperm do not pass
easily to the egg. This makes analysis of genetic relationships easier. 

The phylogenetic tree produced by the analysis of the mitochondrial DNA
variation present in these samples indicated that its trunk began 200,000 years ago in
Africa. 6 While the woman at the base of this tree was dubbed “mitochondrial Eve” it
was only the peculiarities of the technique that made it appear the ancestor was a
single person. It was more likely a small group of related individuals. An additional
finding of the mitochondrial DNA studies was that there was no crossbreeding
between Homo sapiens and Neanderthal man.

The human Y chromosome is present only in males and is passed only from
fathers to their sons. In addition, there is litle crossing-over in the Y chromosome.
Thus, except for random mutations, it tends to be stable over many generations. One
of the most interesting uses of Y chromosome DNA studies has been to identify a
long line of father to son Jewish rabbis dating back for thousands of years. 7

Increase in Brain Size in Human Evolution
One of the most remarkable aspects of the evolution of man is the rapid increase

in brain size over the past 3 million years. When only a few measures of a few species
are included in the analysis, the results suggest there were leaps in brain size followed
by plateaus, and then another leap, and that the process was complete after only a few
leaps. This is illustrated in Figure 4.

This shows the apparent presence of several distinct brain size groups with rather
large gaps in between. This pattern is reminiscent of the punctuated equilibria of
Eldridge and Gould and of macroevolution. If true it would require some elaborate
theories as to what the environmental factors were that could produce such leaps.
However, such theorizing is obviated when a more extensive set of samples is examined.

Henneberg and Miguel 8 examined the cranial capacity and body weight of over
200 fossil homininae (humans, chimps, and gorillas) specimens. These were plotted
in logarithmic format against dates in thousands of years before the present (ka BP)
(Figure 5). 

The regression coefficient for brain size = .95. When analyzed by both date and
latitude, they concluded there were no discontinuities through time or geographic
latitude. Thus, there were no punctuations and no giant leaps of macroevolution.
Evolution of human brain size was occurring in typical Darwinian gradual steps.

177

Chapter 17. The Evolution of Man



178

Chapter 17. The Evolution of Man

Figure 4. Apparent sudden leaps in brain size. Data from Carroll, S. B.
Genetics and the making of Homo sapiens. Reprinted by permission from
Macmillan Publishers, Ltd. Nature. 422:849-857, 2003. 7

Figure 5. Regression of fossil hominin cranial capacity, log CC (ml) (top),
body weight in log kg (bottom), and date in thousands of years before the
present (ka BP). From Henneberg and de Miguel. Homo—Journal of
Comparative Human Biology. 55:21-37, 2004. 8 By permission.



The evolution of brain complexity. The complexity of the structure of the
brain, especially the cortex, has also increased over evolutionary time. This is
illustrated by the increase in the number of layers of the cortical plate as shown in
Figure 6. Thus, some of the genetic changes between primates and humans produced
an increase in the complexity as well as size of the brain.

Figure 6. Evolution of the complexity of the cortical plate over time.
Starting with layer I, layers are added progressively from deeper first (VI,
V) to more superficial (III, II) last. In mammals with ever-larger brains,
layers II/III/IV are progressively subdivided into II, III, IV, then IIa, IIb,
and so on. From the Comparative Brain Atlas. 8a

Microscopic changes. Since the 1990s scientists have identified a number of
other microscopic features of the nervous system that are unique to humans and to a
lesser extent, the higher apes. In 1999 Preuss and colleagues 49 found a layer of the
visual cortex that was unique to humans, which may explain why we can detect
objects against a background better than other animals. In the same year Hof and
coworkers 50 found that a unique type of elongate slender cells called von Economo
neurons, were unique to humans, the great apes, and whales. These cells may relay
nerve impulses faster than other neurons. They are found in areas relating to
cognition and advanced planning such as area 10 and the anterior cingulate cortex. 51

An additional microscopic feature, known as minicolumns, consist of 80 to 100 nerve
cells bundled together vertically in the cerebral cortex. In Broca’s area and area 10
these neurons are wider and more densely packed than in apes and chimps. 52,53

Role of specific genes. Microcephalin. Genetic mutations that cause human
disease can often provide clues to the identity of which genes are involved in specific
traits such as brain size. A single gene mutation can cause microcephaly (small head)
producing severe reduction in brain size without other gross abnormalities. 9-11

Individuals with this condition are mentally retarded and their brain size is
comparable with that of early hominids. The gene involved is called microcephalin
(MCH1). Studies of human populations have shown that MCH1 contains different
polymorphisms, many of which cause amino acid substitutions. The richness of these
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polymorphisms is likely to be due to a combination of population expansions and
Darwinian selection. The analysis of the ratio of the polymorphisms that caused
amino acid substitutions versus those that did not showed positive selection of
MCH1 during the origin of the last common ancestor to humans and the great apes,
and corresponds to the drastic brain enlargement from the lesser apes to the great
apes. 9,10 Much of the selection occurred on five polymorphisms that were associated
with amino acid substitutions. An analysis that was extended back to 30 million years
ago suggested that about 45 advantageous amino acid changes occurred over the
evolution of our earliest primate ancestors. 11 A subsequent analysis indicated that one
variant arose about 37,000 years ago. 10 This might have been relevant to the
explosion of symbolic behavior occurring in Europe around that time. 12 These results
clearly support the frequent occurrence of beneficial mutations in evolution. 

ASPM (abnormal spindle-like microcephaly). ASPM is a second gene associated
with microcephaly in humans. Similar analyses of the polymorphisms in ASPM also
indicate that it experienced strong positive selection in the ape lineage leading to
humans. 11,13-16 The evolutionary selection of specific segments of the ASPM gene was
strongly related to brain size. One variant arose about 5,800 years ago and was quickly
swept to high frequency. Direct studies in living humans show no association between
microcephalin or ASPM variants with IQ. 10a

SIGLEC11 (Saliac acid-binding receptor). This is a gene relevant to surface
membranes and present in the microglia, the so-called “glue cells” of the brain. Since
it is a human-specific gene 17 it may have played a role in the evolution of Homo
sapiens and brain size. While other genes are likely to have been involved, these studies
show that advantageous mutations in a small number of genes can be associated with
a trait as complex as brain size. 

Role of nutrition. Nutrition and energy metabolism played a unique role in the
evolution of man. The brain in modern humans consumes an inordinate amount of
energy, 16 times as much as a comparable weight of muscle. In the resting state the
brain uses a whopping 24 percent of an adult human’s energy needs 3 compared to 10
percent for nonhuman primates and five percent for other mammals. Leonard plotted
the percent of resting energy allocated to the brain for our human ancestors against
time in millions of years ago. This plot is shown in Figure 7.

In agreement with the data in Figure 5, this also shows a linear increase over time.
A high degree of energy expenditure places a premium on the energy content of food.
A meal of 3.5 ounces of animal meat provides up to 200 kilocalories, while a
comparable amount of fruit supplies 50 to 100 kilocalories, and foliage supplies only
10 to 20 kilocalories. In addition, cooking food, especially starchy foods, significantly
increases the available energy content by making complex carbohydrates more
digestible. It has been estimated that the first hominid began using fire 1.8 million
years ago. 3

The spread of grasslands led to an increase in grazing animals. This source of food
both provided more concentrated calories and led to hunting and gathering in
cooperating foraging social groups. Freeing of the hands allowed the beginnings of the
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use of tools to aid in hunting and skinning the prey. The improved dietary quality
alone cannot explain why hominid brains grew, but it appears to have played a critical
role in allowing that change to take place. 18

Origin of Speech
Larynx. Speech and language is one of the most unique of human traits. It plays

a central and critical role in allowing the development of complex, interacting human
societies. Phillip Lieberman, a linguist from Brown University, proposed that the
critical change that paved the way for the development of speech was the migration of
the larynx away from a close association with the jaw to further down in the neck. 19

He suggested that this lower location allowed for the production of a much-varied
range of sounds, resulting in the ability to speak. The resulting increased power to
communicate paved the way for the development of modern man and civilization.

Brain. As with other aspects of human evolution, new traits did not develop
overnight. Even if a relocation of the larynx to the neck allowed speech to develop,
the role of the brain in formulating speech also needed to develop. The two parts of
the human brain most involved in speech are Broca’s area and Wernicke’s area. Their
location in the human brain and comparable areas in the chimpanzee are shown in
Figure 8.

Broca’s area is part of the frontal lobe at the left inferior frontal gyrus. Individuals
who suffer strokes or other damage to this area have expressive aphasia with
impairment in the ability to produce language. Wernicke’s area is part of the temporal
lobe at the left superior temporal gyrus. Individuals who suffer strokes or other damage
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Figure 7. Percent of resting energy allocated to the brain versus time in
millions of years ago. From Leonard, W. R. Food for Thought. Scientific
American. 2002. 3 Drawing by Cornelia Blik.



to this area have receptive aphasia with impairment in the ability to understand
language. While speech has a natural sounding rhythm it is jumbled and without
recognizable meaning. The planum temporale is a key component of Wernicke’s
language area. In addition to speech it has been implicated in musical talent. These
areas are present on the left side of the brain producing a right–left asymmetry in brain
structure. Similar asymmetries have been noted for Brodmann area 44 and the planum
temporale in the chimpanzee, suggesting the rudiments of expressive and receptive
language in this species and that the lateralization of speech to the left size of the brain
occurred prior to the divergence of the human and chimpanzee lines. 20,21 An area
homologous to Broca’s area has even been found in monkeys where it was involved in
facial expressions, especially those involved in communication. It is likely that this area
was coopted by human ancestors for control of expressive speech.
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Figure 8. Broca’s area, Wernicke’s area, and the planum temporale in the
human brain and comparable areas in the chimpanzee brain. After
Carroll, S. B. Genetics and the making of Homo sapiens. Reprinted by
permission from Macmillan Publishers, Ltd. Nature. 422:849-857,
2003. 5



The FOXP2 gene. In humans, severe impairment in expressive and receptive
language is occasionally inherited in multiple family members as an autosomal
dominant trait. When many individuals in one family are affected, linkage studies can
identify the chromosomal region involved. In such a study of a family called KE by
Lai et al. 22 the locus was mapped to the short arm of chromosome 7 (7p31) and given
the name SPCH1. The same authors also found a separate individual with the same
speech defect who had a chromosomal rearrangement (translocation) involving the
SPCH1 region. This allowed them to identify the specific gene involved. It was a
transcription factor called FOXP2. Further studies showed that mutations at the
FOXP2 gene were actually a rare cause of speech and language impairment in children
both with 23 and without autism. 24 Sites on several other chromosomes were involved
in the most common forms of speech and language defects. 25

Additional studies continued to support the important role of the FOXP2 gene
in speech. For example, functional MRI studies of individuals carrying the FOXP2
mutation showed underactivity of Broca’s area. 26 In a study in mice, when one of the
FOXP2 genes was experimentally inactivated there was a significant alteration in the
ultrasonic vocalizations emitted by the pups when they were removed from their
mothers. Finally, an analysis of the mutational changes in the FOXP2 gene in
humans, chimpanzees and mice showed that the human FOXP2 gene experienced a
greater than 60-fold increase in substitution rate compared to the animals without
speech. There were two amino acid changes in a transcription domain that were
unique to humans. 27,28 This clearly indicated that the FOXP2 gene played an
important role in the evolution of our ability to talk. 

General Screen for Genes Involved in the Evolution of Man
It is known that the sequence of human DNA and that of his closest relative, the

chimpanzee, is 99 percent identical, 29 attesting to the close relationship between man
and this primate cousin. This still leaves room for many differences, and a number of
researchers are searching for these differences. The MCH1, ASPM, and FOXP2 genes
studied above are what geneticists call candidate genes. Based on prior knowledge of
their function they are examined because they seem like good candidates, in this case
for brain size and speech respectively. However, there are approximately 21,000
human genes, many of which may be involved in human evolution but are not
currently clear candidates for the job. To identify these, an alternative to examining
specific candidate genes is used to perform mass screens of many genes. The genetic
variations present in different genes can be used to identify those that have been subjected
to an unusual degree of natural selection. The methods for doing this include the
following: examining the differences in proteins themselves, the differences in the
expression of messenger RNA in individual genes, the differences in DNA sequence,
the differences in gene copy number, and the differences in regulatory RNA.

Examination of proteins. This is done by a technique called two-dimensional gel
electrophoresis. The cellular proteins of a given organ are separated in one direction by
size and the second direction by electrical charge. The 2-D gels of cell proteins of the
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human and chimpanzee frontal cortex from a study by Enard and colleagues 30 are
shown in Figure 9. 

Figure 9. Two-dimensional gel electrophoresis of cell proteins from the
frontal cortex (Brodman’s area 9) of human (A) and chimpanzee (B).
From Enard et al. Science. 296:340-343, 2002. 30 By permission.

The advantage of examining proteins is that differences in mRNA levels do not
necessarily translate into differences in protein levels, while examining the actual
amount of a protein in the cell clearly does. If a mutation results in the substitution
of an amino acid with no electrical charge, like proline, with an amino acid that has
a negative charge, like glutamic acid, there will be a net -1 charge difference in the
whole protein. These differences in charge due to mutations can be identified by 2-D
gels. In the Enard study, brain, liver, and plasma were examined. The brain samples
came from Brodmann’s area 9, involved in cognition. A total of 538 spots were
analyzed for the human-chimpanzee comparison. Of these 7.6 percent showed charge
changes while 31.4 percent showed changes in the level of expression. The observed
changes were more pronounced in the brain than the other tissues.

Examination of mRNA expression. The advantage of directly examining gene
expression by examining the amount of messenger RNA produced is that many more
genes can be tested. In addition, the function of most of the genes is known and
specific organs or parts of organs can be compared. The technique for doing this
involves the use of microarrays, produced by a technology similar to that used in
producing tiny (micro) computer chips containing millions of transistors. In this case,
instead of transistors, different nucleic acid sequences corresponding to different
genes are attached to the microarrays. The basic aspects of this remarkable technique
are illustrated in Figure 10. RNA is isolated from the two tissue samples to be
examined, A and B. A DNA copy of these sequences is made by reverse transcriptase
and in the process one is labeled with a red dye, the other with a green dye. 

These sequences are then combined and hybridized to the array to which
thousands of nucleic acid sequences corresponding to different genes are attached.
The result is examined in a fluorescent microscope. If a given spot contains a sequence
present in sample A, but less so in sample B, the spot will be red. If the sequence is
present in sample B, but less so in sample A, the spot will be green. If the sequence is
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present in approximately equal amounts in A and B, the spot will be yellow.
Variations in intensity and color allow the differences to be quantified.

Figure 10. Technique of comparing gene expression using microarrays. 30a

See text. 

An advantage of this technique is that the expression of genes in a specific organ
or organ part can be examined. Thus, we might be interested in the question, “What
genes are involved in human cognition and reason?” Examining tissue from those parts
of the brain that were involved in cognitive function could assess this. This is what
Uddin and colleagues 31 did. They examined human, chimpanzee, gorilla and monkey
tissue from the anterior cingulate cortex. Imaging studies show that blood flow is
increased in this area when humans are involved in cognitive tasks such as making a
decision between two interfering choices—otherwise known as judgment.
Approximately 16,000 genes were examined. Based on our inherent sense of
superiority it might be anticipated that the evolutionary changes were greatest in the
human line. Surprisingly, the greatest changes in gene expression were seen in both the
human and chimpanzee lines. This is consistent with the findings that chimpanzees
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engage in culture, 32 the use of tools, 33,34 and display rudimentary forms of language, 35

and is a further indication of how closely related these two species are. Up-regulation
was noted in genes for energy metabolism and nerve function, consistent with the fact
the human brain consumes a large percent of total energy resources.

An alternative method of examining gene expression data is to look at gene
expression networks. This refers to how genes are co-expressed in different organs. For
example, if gene A is active in the cortex gene B may also be active in humans but not
in chimpanzees.  Geschwind and coworkers found that in the cortex, 17.4 percent of
co-expression networks were specific to humans. 35a

Examination of DNA sequences. As with the gene expression studies, the
advantage of examining DNA sequences is that many more genes can be examined and
the precise function of most of these genes is known. However, these studies cannot
examine for organ specific differences since the DNA sequence is the same in all organs.

Clark and colleagues 36 compared the sequence of 7,645 genes in humans,
chimpanzees, and mice. They chose those genes that had similar sequences in the three
animals (orthologs) and whose function was known. At the time this study was done
the entire human and mouse sequence was known. This was not the case for the
chimpanzee. They compensated for this by amplifying and sequencing the comparable
exons from one male chimpanzee. Using a model that allowed the individual domains
of the protein sequence to be tested, they identified 873 genes that showed evidence
for a significant level of selection. Genes involved in smell showed the strongest
selection. Genes involved in amino acid metabolism showed the second greatest level
of selection. This is consistent with the prominent role of dietary changes in human
evolution. Included in this set would be changes providing increased survival in times
of famine. These could be the same genes that predispose to diabetes and obesity when
food is plentiful. Other groups of selected genes include those involved in the skeletal
development, brain development, embryonic development (homeotic genes) and
hearing. This study only examined the coding part of these genes. Other studies are
needed to examine the important regulatory sequences of genes.

Nielsen and colleagues 37 examined the sequence of 13,731 genes in humans and
chimpanzees. Here the genes related to immune defenses appeared at the top of the
natural selection list (Table 1). 

Table I. Biological Categories of Genes Showing Positive Selection
From Nielsen et al. PLOS Biology 3:976-985, 2005. 37

      Biological Process                               # genes                    p-value
      Immunity and defense                               417                        .0000
      T-cell-mediated immunity                           82                        .0000
      Chemosensory perception                            45                        .0000
      Biological process unclassified                 3,069                        .0000
      Olfaction (smell)                                          28                        .0004
      Gametogenesis                                             51                        .0005
      Natural killer-cell-mediated immunity         30                        .0018
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      Spermatogenesis and motility                      20                        .0037
      Inhibition of apoptosis (cell death)              40                        .0047
      Interferon-mediated immunity                    23                        .0080
      Sensory perception                                     133                        .0160
      B-cell and antibody-mediated immunity     57                        .0298

Genes involved in defense against viral infections and the important major
histocompatibility complex were especially involved. As in the Clark study, there was
selection for genes involved in smell and hearing. A large group of genes of unknown
biological function was identified. The sequence of many of these suggested they
coded for genes regulating transcription factors. They also found that genes involved
in spermatogenesis and apoptosis (cell death) were strongly selected for. Table 1 lists
all of the gene groups identified as experiencing strong selection.

Surprisingly, Nielsen and colleagues found that instead of showing evidence for
strong selection, most brain genes were highly conserved. While this may seem to
conflict with the results of Enard and colleagues, they may not. Most of the changes
that the Enard study identified were in the level of expression rather than in amino
acid substitutions. Nielsen did not test for levels of gene expression or changes in copy
number. 37 Later studies, 38,39 including the report of the entire chimpanzee genome
DNA sequence, 40 supported the findings of Nielsen and colleagues about the role of
transcription and immune factors, but also found that some of the most rapidly evolving
genes were those involved in the function of the central nervous system.

Changes in promoter regions. Promoter regions are located at the 5’ end of the
gene and carry the DNA sequences that interact with transcription factors to regulate
the degree of expression of the genes. While the DNA sequences between humans and
chimpanzees are 99 percent similar, a disproportionate number of these differences
may occur in the promoter regions. This would drive the changes in gene expression
described above. Some specific examples of this have been reported. For example, the
prodynorphin gene (PDYN) produces the precursors to brain dynorphin and other
morphine-like peptides. Variations at the PDYN gene have been reported to be
associated with pain perception, social attachment, bonding, learning and memory.
Sequencing studies have shown that the promoter region of the PDYN gene has
accumulated six different nucleotide changes since the divergence of humans from the
other primates. 41 This is illustrated in Figure 11.

These changes differ significantly (p < .0001) from those expected by chance and
indicate that the PDYN gene plays an important role is some of the behavioral
differences between humans and chimpanzees. They support the concept that many
of the important DNA sequence differences between humans and other primates
occur in the promoter regions of genes. 

Changes in copy number. This refers to gene duplication, one of the major
driving forces in evolution. Gene duplication results in an increase in copy number
from one to two or higher. Fortna and colleagues 42 examined the copy number of
29,619 genes across five hominid species including humans. Copy number increases
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were most pronounced in humans (134 sites). The genes involved included a number
involved in the structure and function of the brain. A study of copy number by
Demuth  and coworkers showed that human and chimpanzee gene copy numbers
differ by 6.4 percent. 42a

Changes in non-coding RNA. It has been known for years that the expressed
genes make up only about two percent of the total genome in mammals including
humans. At one time the remainder was referred to as “junk” DNA, suggesting it had
no real function. It was then found that the exons or parts of the genes that code for
the sequence of amino acids in genes, is interrupted by many introns. These account
for 30 percent of the genome. Introns are transcribed into RNA, but for years it was
thought that this RNA was simply broken down and destroyed. It is now known that
over 60 percent of the genome is transcribed into RNA, and this RNA comes in many
different forms and sizes, including microRNA, siRNA (silencing RNA), and ncRNA
(non-coding RNA). These originate from the introns, the DNA between the genes,
and even the opposite DNA strand from that transcribed to produce mRNA. 43-45

Some of the noncoding RNA sequences are highly conserved while others show rapid
changes in DNA sequence from species to species. All of these small RNAs play a
major role in gene regulation. 

Changes in human accelerated regions. Pollard and colleagues 46 identified
35,000 segments of DNA, averaging 140 bp in length, that showed virtually no change
in sequence between mice and chimpanzees. They then searched among these segments
and identified 49 that showed many base pair changes when compared to humans.
These were termed human accelerated regions (HARs). Remarkably, all but one of these
involved genes that coded for non-coding regulatory RNA rather than for proteins. Of these
49, 24 percent were next to genes involved in brain development, indicating that many
of the HARs were brain-specific regulatory elements that had changed rapidly during human
evolution. The one that showed the most rapid evolution, with 18 base changes since
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Figure 11. Nucleotide changes in the 68 bp PDYN gene promoter showing
that all of these changes occurred after the divergence of humans from other
primates. From Rockman, et al. PLOS Biology. 3:e387, 2005. 41



diverging from the chimpanzee was termed HAR1. Further studies showed that this
novel RNA gene was expressed in the human cortex between seven and 19 weeks after
conception. HAR1 was expressed in neurons that also repressed reelin, a protein
involved in specifying the six-layer structure of the human cortex. Thus, this uniquely
human structure of the human cortex, shown earlier in Figure 6, was in part directed
by the rapid evolution of a single regulatory gene, HAR1.

Another study of the evolution of non-coding DNA was reported by Prabjalar
and colleagues. 47 They examined human specific substitutions in 110,549 conserved
non-coding sequences and identified 992 with a significant excess of human-specific
substitutions. They then examined the genes that were adjacent to these sequences.
The most impressive changes were next to genes for neuronal cell adhesion proteins
that control the interactions between nerve cells. These studies support the concept
that changes in regulatory non-coding DNA have played a major role in the evolution
of man.

When all studies are combined, they indicate that the DNA
sequence of brain genes show many changes in expression and copy
number during the evolution of humans. Studies of non-coding DNA
identified significant changes in a number of brain-specific genes
during the evolution of man. 

Among the non-brain genes, the greatest selective forces have
occurred in those for smell, hearing, immune defenses (especially
against viruses), amino acid metabolism to allow for the greater
energy requirements of the enlarging brain, and spermatogenesis. 

The fact that human and chimp genes are vastly more similar (99
percent) than they are different (one percent) provides overwhelming
evidence that man evolved from the apes. 

Sex for all Seasons
While the development of speech led to improved socialization and bonding

between humans, a second development also played an important role. Unlike other
animals, man is unique in that both males and females are hormonally set up to mate
throughout the year instead of only in certain seasons. This sex-on-call feature of
humans further contributed to strong kin cohesion and pair bonding. The
physiologist Jared Diamond considered this to be a key event in the evolutionary
ascendancy of mankind. 48 Spirituality relates to the feeling of being connected with
dimensions greater than oneself. Since pair bonding (marriage) and strong kin
cohesion (extended family) are important parts of this greater dimension, it is likely
that that capability for sex for all seasons played a role in the evolution of man’s
spirituality. 

Other Distinguishing Features of Homo sapiens
      Unlike finches, where a simple change in beak size can lead to a new species,
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the evolution of man was far more complex. It was not simply a matter of the
development of a few new features but rather a whole symphony of new features. The
following is a partial listing. 21

      Advanced tool-making
      Body shape and thorax
      Brain structure (Broca’s area, Wernicke’s area, other areas)
      Cranial and facial features
      Decrease in protruding jaw
      Dimensions of the pelvis
      Increased brain size
      Long lifespan
      Opposing thumb and shortened fingers
      Presence of a chin
      Prolonged childhood
      Reduced hair cover
      Relative limb length (shorter)
      Skull balanced upright on vertebral column
      Small canine teeth
      S-shaped spine
      Speech and language
      Spirituality

Carroll 21 has pointed out that the large number of these changes is consistent
with a gradual and progressive accumulation of many advantageous and adaptive
polygenic mutational changes. The results of the gene sequence studies of Clark 36 and
Nielsen 37 are consistent with the conclusion that man was made by microevolution,
not by macroevolution or divine creation.

To some, the idea that humans evolved from the apes is even more
disturbing than the idea that all other animal species are the product
of evolution by mutation and natural selection. Some of the most
dramatic aspects of human evolution include:

• the descent from the trees to the grasslands
• standing upright and thus freeing the hands for multiple

tasks, including holding food and babies, killing prey, and
making tools

• the dramatic increase in brain size and complexity
• the development of speech and language
• the more rapid evolution of genes involved in smelling,

hearing, immune defense, spermatogenesis, and brain
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development
• changes in hormones to allow sex for all seasons
• spirituality
• and many others. 

The entire process of human evolution involved multiple steps
and thousands of genes. Humans evolved by microevolution rather
than macroevolution or divine creation.
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We cannot decide whether the origin of life on Earth was an extremely unlikely event or
almost a certainty…

Francis Crick,

Life Itself 1

Chapter 18

The Origin of Life

One of the most difficult problems in biology to understand is the creation of life
on earth. In addition to Francis Crick’s comment above, he also said that the origin of
life appears at the moment to be “almost a miracle, so many are the conditions which
would have had to be satisfied to get it going.” 1 Coming from the Nobel Prize-winning
scientist who co-discovered the structure of DNA, this comment was seized upon by
creationists to validate their position that the origin of life had to be the result of divine
creation. The purpose of this chapter is to show that there is clearly a viable alternative. 

The Narrow Origin of Life Time Window
One thing has become clear—the time available for the creation of life was fairly

short. The earth is 4.6 billion years old, and massive bombardment of the early earth
by comets and meteorites apparently occurred until approximately 3.8 billion years
ago. Since comets are large and composed predominantly of ice, they are believed to
have been the source of the earth’s oceans. 2 It was usually felt that the impact of these
comets would have produced so much heat that it would have precluded the
development of life during the first 500 million years of earth’s existence. 3 However,
recent observations on zircon microcrystals suggest the earth may have cooled much
more rapidly after its initial formation, perhaps in 100 million years. 4

Carbon dioxide (CO2) in the atmosphere contains two isotopes of carbon, C12 in
large amounts and C13 in small amounts. Since living organisms preferentially use
C12O2 a high C12/C13 ratio in fossils compared to the ratio in the atmosphere, is a
marker for the presence of life forms. The combination of finding microfossils and of
analyzing the C12/C13 ratio in rocks suggests that life started as early as 3.5 to 3.8
billion years ago. 5,6 Based on initial estimates that it took about 500 million years for
the earth to cool this would have left a very narrow time window for the evolution of
first life of less than 200 million years and possibly as little as 10 million years. 7 If the
earth cooled more rapidly, as the studies of the zircon crystals suggest, the window for
the development of life on earth more likely ranged from 10 to 400 million years. 

The Miller-Urey Experiment
One of the earliest scientific attempts to understand how life might have gotten
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started on earth was the 1953 experiment of Stanley Miller 8 at the University of
Chicago. Miller was a graduate student of Harold Urey, a Nobel laureate in
chemistry. Urey was interested in the primordial atmosphere of the earth and had just
published a theory that it was poor in oxygen and rich in hydrogen. 9 Chemically
speaking this would have been termed a reducing atmosphere as opposed to the
modern oxygen-containing oxidizing atmosphere. 

Many years prior to this, in 1924, a Soviet biochemist Alexander Oparin
published an article entitled “The Origin of Life,” 10 and in 1936 wrote a book with
the same title. 10 Both were later translated for English-speaking scientists to read.
Based on the assumption that the atmosphere of primitive earth contained
compounds such as ammonia (NH3), Oparin proposed that these organic
compounds formed a colloidal solution in the primordial ocean. These solutions then
coagulated into so-called “coacervates.” By absorbing sugars and amino acids, which
could serve as catalysts in chemical reactions, a primitive form of metabolism could
develop. Competition based on differences in adaptation to the environment brought
about a form of evolution to more complex systems. This was in the days before the
discovery of DNA and the understanding of its critical role in replication and
information storage. As such, this was a “metabolism first” type of model. 

In 1929 the British geneticist J. B. S. Haldane 11 wrote an article also entitled
“The Origin of Life,” and followed this up with a similar article in 1954. 12 Haldane
also assumed a reducing atmosphere. Since oxygen (O2) was absent, ozone (O3),
which protects the earth from ultraviolet rays, was also absent. Prior studies of Baly 13

showed that ultraviolet irradiation of carbon dioxide (CO2) in water produced
complex organic compounds. Based on these facts Haldane proposed that the UV
light of the primitive earth resulted in a “hot soup” of organic compounds. As a
geneticist, Haldane proposed a replicating “genes first” model in which a small
primitive virus-like organism was able to replicate because the necessary precursors
were present in this hot soup. This was likely to be an imperfect, error-ridden form
of replication, and since replication with errors was the basis of evolution, primitive
evolving life was able to get started. 

In 1914, Leonard Troland, an American physicist, wrote a remarkably foresighted
set of papers in which he proposed that “genetic enzymes” composed of nucleic acids
suddenly appeared and were endowed with the ability to catalyze their own
replication. 14 These papers were written years before it was recognized that nucleic
acids contained the genetic information that was passed from generation to generation.

The reducing atmosphere models of Oparin and Haldane, utilizing methane,
ammonia, hydrogen and water to form more complex precursors of life, were
combined and called the Oparin-Haldane hypothesis. This hypothesis is illustrated in
Figure 1.

In 1953, drawing from this hypothesis, Stanley Miller sought to determine
experimentally if organic compounds really could be formed in these primitive earth
conditions. Chemistry Nobel laureate Harold Urey, Miller’s advisor at the University
of Chicago, was so skeptical that he did not encourage his student to use this as a
Ph.D. dissertation. Miller persisted and enclosed water vapor (H20), ammonia
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(NH3), methane (CH4) and hydrogen (H2) in a glass flask and used electrical
discharges, simulating lightning, as a source of energy to facilitate chemical
interactions. 

Figure 1. The Oparin-Haldane Hypothesis

Even Miller was
astonished by the results. At
the end of a week of allowing
these reactions to occur, the
water in the flask was deep
red and turbid. About 10
percent of the available
carbon was converted into
organic compounds of
which about two percent
were amino acids, the
building blocks of proteins. 8

These remarkable findings
stimulated research around
the world and started a new
field of investigation in
primitive earth or prebiotic
chemistry. Importantly,
some of these studies also
showed the formation of
short chains of amino acids
known as peptides. 15p82

In 1969 a meteorite fell
in Murchison, Australia.

Analysis of its chemical composition showed that it contained the same amino acids
in the same relative amounts as the compounds produced in Miller’s experiment. 16

These findings supported the Oparin-Haldane hypothesis about how organic
precursors to primitive life could have been made. The Miller-Urey experiment was
only a start toward understanding the possible origins of life on earth. 
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Figure 2. The Miller-Urey Experiment (see text). 14a 



Creationists’ Objections to the Miller-Urey Experiment
The conclusion that the earth’s early atmosphere had a lot of hydrogen and was

thus reducing, was based on studies of the atmosphere of the larger planets and the
widespread presence of hydrogen in the universe. Although the smaller planets like
the earth did not have the gravitational force to retain hydrogen in the atmosphere,
the secondary atmosphere was still considered to be reducing. 

Later evidence suggested that the primitive atmosphere of the earth was derived
from volcanic action. Since modern volcanoes did not emit hydrogen, 17 the reducing
nature of the early atmosphere was called into question. It was suggested that since
water in the atmosphere could be broken down by UV light into oxygen, which
would be retained in the atmosphere, and hydrogen would be lost because of its light
weight, some oxygen was likely to be present.

A non-oxidizing or reducing atmosphere was necessary to preserve and protect
the early organic compounds. The Oparin-Haldane scenario would be significantly
weakened by the absence of a reducing atmosphere. The creationists, always searching
for any conflicting opinions among scientists, have leapt on these developments to
discredit the Miller-Urey experiment 18 and by implication, any non-divine origin of
life. However, as often occurs in science, advances in knowledge bring improved
clarity to complex issues. This improved clarity showed that there were only trace
amounts of oxygen in the early atmosphere; there was a hydrogen-rich early earth
atmosphere; comets and meteorites delivered huge amounts of organic compounds to
the earth; and underwater hydrothermal vents provided the reducing conditions
suitable for the origin of life.

There Was Virtually No Oxygen in the Early Earth’s Atmosphere
The level of hydrogen and methane in the atmosphere of primitive earth is still

debated. Some have suggested that methane was present and that the atmosphere
really was predominantly reducing. 15p114 There is no debate about the fact that there
was only a trivial amount of oxygen in the atmosphere prior to 2.1 billion years
ago. 19,20 This was clearly not enough oxygen to produce an oxidizing atmosphere.
The real issue has been, “Why did it take 1.5 billion years after life began before
significant levels of oxygen accumulated in the atmosphere?” The critical point is that
even when new Miller-type experiments were performed using various corrected
atmospheric conditions the same wide range of organic compounds was
produced. 21,22

There Was a Hydrogen-Rich Early Earth Atmosphere
The escape of hydrogen from the early earth’s atmosphere is likely to have

occurred at a rate that is one hundred times slower than previously thought. 23 This
suggests that the production of prebiotic organic compounds in such an atmosphere
would have been more efficient than either of the following two mechanisms—
delivery from space or hydrothermal vents.

196

Chapter 18. The Origin of Life



Comets and Meteorites Provide Prebiotic Organic Compounds
One of the more incredible facets of our solar system is that comets, meteorites

and interplanetary dust are loaded with a wide range of organic compounds,
including amino acids, hydrogen cyanide, formaldehyde, adenine, and many
others. 24 The amount of organic material currently deposited on the earth by
meteorites and interplanetary dust is estimated to be about three hundred thousand
kilograms, or 300 metric tones per year. During the early period of heavy
bombardment this rate may have reached 50,000 tons per year. This rate would have
produced the current total biomass in approximately ten million years. 15,25

Comets are the richest source of organic compounds. 26p186,27 This organic
material makes its way to earth in the form of micrometeorites, which are formed
when the comets pass close to the sun. These micrometeorites are 50 to 500 um in

size and currently reach the earth in huge
amounts of 20,000 tons per year. 28 They
contain tiny grains that contain clays,
oxides, and sulfides of metals, which can
act as catalysts in chemical reactions. As
such they would function as chemical
factories for the production of organic
compounds. 

In addition to providing a rich source
of organic compounds in prebiotic earth,
it has also been proposed that cosmic
debris bearing iron and carbon could
contribute to a reducing atmosphere and
lead to the production of hydrogen,
methane, and ammonia in prebiotic earth,
producing the conditions assumed in the
Miller-Urey experiments. 26,29,30

Hydrothermal Systems
The bottom of the ocean contains

many volcanic, hydrothermal vents
(Figure 3). These provide a remarkable
ecologic niche. The gas from the vents

contains carbon dioxide and methane 31 and can serve as a hot reducing environment
for the synthesis of prebiotic organic compounds. 32

These vents have been proposed as sites for the evolution of life itself. 32,33 The
high temperatures characteristic of these volcanic vents are especially suitable for the
evolution of the heat-loving, or thermophilic, Archaea.

The complaints of Wells 18 and other creationists about the
Miller-Urey experiments are without merit. All evidence indicates that
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Figure 3. Undersea hot, volcanic, hydrothermal vents. 32a



there was virtually no oxygen in the earth’s atmosphere for 1.5 billion
years after life, that it contained significant amounts of hydrogen and
thus the primitive atmosphere really was predominantly a reducing
environment. In addition, a huge amount of organic material was
deposited on early earth by comets, cosmic dust, meteorites and
micro-meteorites. Finally, Archaea, one of the very earliest forms of
life, probably originated in the hot and reducing environment of
undersea hydrothermal vents.

Theories of the Origin of Life
The Miller-Urey experiments related to the experimental examination of the

Oparin-Haldane hypothesis for the synthesis of prebiotic organic compounds. This is
a long way from the evolution of life itself. There have been many proposals for how
such evolution may have occurred. The variables for the different models include the
type of atmosphere (reducing or neutral); which system came first? (metabolism, cell
membranes, protein synthesis, or nucleic acid-based replication); what was the source
of energy? (feeding on organic food [heterotrophs] or light rays and chemicals
[autotrophs]); which chemical world was involved (an RNA world versus a protein
world); and which real world was involved (the earth versus an extraterrestrial origin
of life). 

It is not my purpose here to review the extensive literature on the origin of life in
a short chapter. The excellent books of Iris Fry’s The Emergence of Life on Earth, 15 and
Christian de Duve’s Life Evolving 34 and Cosmic Dust, 35 do this. It is my purpose to
show that the creationist’s complaint that the rapid evolution of life on primitive earth
was so difficult that only a divine creator could do it, is false. 

In the following paragraphs I have chosen one of the models that I find to be the
most reasonable. This is the protometabolism-transfer RNA model of Nobel laureates
Christian De Duve 34 and Manfred Eigen. 36-38 This model is summarized in Figure 4. 

Protometabolism—A Chemical World
The first aspect of this model is protometabolism. One of the primary problems in

modeling the chemistry of the origin of life relates to the issue of “Which came first,
the chicken or the egg?” In the origin of life this translates to, “Which came first,
proteins or nucleic acids?” It is clear that there are two critical parts of both current
and primitive life. These are A) nucleic acids which code for the genes that produce
the proteins and enzymes (replicases) that allow the nucleic acid to be made and
replicated, and B) protein enzymes that carry out this synthesis and replication.
Without the protein the nucleic acid cannot be synthesized and replicate. Without
nucleic acids the protein enzymes cannot be made. This was a classic catch-22, a
classic chicken or egg. There is only one clear answer—they evolved together.

It was also clear that the first nucleic acids had to be RNA, not DNA. RNA is
single-stranded and much easier to make and replicate than DNA. Because it is
single-stranded it can form complex secondary structures by virtue of some of the
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bases pairing with themselves (see transfer RNA in Figure 6 as an example).
It has actually been shown that these complex RNA structures can, in some

circumstances, function as enzymes. 39 These are called ribozymes. It has been proposed
that this would solve the “Which came first, RNA or enzymes?” problem, since RNA
could be both a nucleic acid and an enzyme. This model was called an RNA world. 40

As elegant and exciting as this would be, De Duve 35 properly points out that this still
did not answer the question of how such a complex piece of RNA got there in the first
place. He felt that many more preparative steps had to be in place before this could
happen. He termed these steps protometabolism, referring to chemical steps preceding
the formation of complex structures such as RNA. This could be called a chemical
world. The following are some aspects of this chemical world.
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Figure 4. A protometabolism-transfer RNA model of the origin of life. The
RNA parts are in red, the peptide and protein parts in blue. See text.



The primordial soup. The primordial soup that figures prominently in this
protometabolism model does not refer to the oceans as a whole. That would represent
a soup that was too dilute to feed anyone and certainly not feed the origin of life. The
primordial soup concept refers to tidal flats or isolated lagoons where the evaporation
of water can result in very concentrated solutions of prebiotic organic compounds. 

Synthesis of adenine. One of the most critically important organic molecules
involved in prebiotic soup was adenine. When combined with ribose sugar it formed
adenosine, part of the energy-storage compound adenosine triphosphate or ATP. In
1961 Juan Oró 41 found that adenine could be formed in a single step from
ammonium cyanide, a component of the prebiotic soup. 

Non-enzyme catalysts by minerals. Catalysts are critical for any form of
metabolism. They accelerate chemical reactions many thousand-fold by holding the
chemical reactants close to each other. Enzymes are the catalysts of living organisms.
The problem is they are composed of long stretches of different amino acids called
proteins, and did not yet exist in prebiotic conditions. However, many organic
compounds, especially those with negatively charged phosphorus or carboxyl groups
(COO-), are attracted to positively charged inorganic compounds, especially those
containing metals such as magnesium (Mg++), copper (Cu++), calcium (Ca++), iron
(Fe++), zinc (Zn++), cobalt (Co++) molybdenum (Mo++) and manganese (Mn++). It
is clearly no accident that many of the enzymes of modern life have these metals as
part of their structure. De Duve called these similarities between prebiotic life and
modern life concordance.

Some of the most frequently studied inorganic compounds that were considered
as important as prebiotic catalysts were hydroxylapatite, 42,43 clay, 43 and iron-sulfur
compounds (iron pyrite or fool’s gold). 44,45

Polymerization of amino acids. Polymerization (poly = multiple, mer = part) refers
to the joining together of individual parts into a larger whole. It is similar to the
phrase carried on the eagle of the U. S. Great Seal, e pluribus unum, meaning “out of
many, one.” One could say the original 13 colonies were polymerized into one nation.
The non-enzymatic polymerization of prebiotic amino acids could provide for the
formation of primitive enzymes. How could this take place? Four of the most
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common amino acids in the Miller-Urey type of experiments, in comets and
meteorites, and in the prebiotic earth, were glycine, alanine, aspartic acid, and valine.
The structure of these amino acids is as follows:

In order to polymerize amino acids it is necessary to form a peptide bond between
the amino group of one amino acid with the carboxyl group of a second amino acid.
This reaction is accomplished by removing an -OH group from the CO-OH carboxyl
group and a hydrogen from the NH2 amino group to form water and a peptide bond.
This is shown in Figure 5.

In modern life this is accomplished by ribosomal RNA acting as a ribozyme. How
could this important reaction have occurred in prebiotic times? One answer was
provided in 1958 by Sidney Fox. 46 He found that simply heating a mixture of amino
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Figure 5. Diagram of the formation of a peptide bond during the
polymerization of amino acids to form polypeptides. 45a



acids for three hours at 170°C produced a protein-like complex he called proteinoids
that had some weak enzyme activities. A more satisfying possibility involves thioesters.

Thioesters. Esters are formed when an hydroxyl group (-OH) interacts with a
carboxyl group (-COOH) with the removal of water as follows:

Thioesters are esters with a sulfur molecule attached where the oxygen was.
The R refers to any chemical group. The thio group was

derived from hydrogen sulfide (H2S) that pervaded the
prebiotic world and produced a putrid rotten egg smell.
Theodor Wieland 47 found that when amino acid thioesters
were mixed together in water, the amino acids polymerized to
form peptides even in the absence of any catalyst. This ability to
form primitive amino acid polymers that could serve as

primitive enzymes provided an important step in the chemical world of
protometabolism. 

A thioester world. 35p43 As noted previously, adenosine triphosphate or ATP is an
important energy source in modern organisms. De Duve felt that ATP was too
complex a molecule to have been present in the protometabolism step. However,
thioesters also contained high-energy bonds and were energetically equivalent to
ATP. They could substitute for ATP and produce high energy inorganic P~P
pyrophosphate bonds as a source of energy for polymerization of amino acids and the
formation of nucleosides in the prebiotic soup. Thioesters provided the prebiotic
world with two essential ingredients, energy and catalysis. 35p44 These above steps are
summarized in Figure 4 in the top box called protometabolism.

The Co-Evolution of RNA and Proteins
The bottom box in Figure 4 is labeled “The co-evolution of RNA and proteins

eliminates the chicken or egg issue.” This stage represents the transition from the age
of chemistry to the age of information. The following are a number of basic facts and
issues involved in this aspect of the model. 

Origin of the Four-Letter Code. As described previously, the secret of DNA
replication and transcription is the pairing of guanine with cytosine by three
hydrogen bonds and adenine with thymine (uracil in RNA) by two hydrogen bonds.
Because the G-C pairing involves three hydrogen bonds, it is more stable than the
U-T or A-T paring. Since it is likely that there were many other bases in the

202

Chapter 18. The Origin of Life



primordial soup, how were these specific ones chosen? The G-C and A-T based are
typical of DNA, but DNA did not even exist yet. As shown in Figure 6, even though
RNA is single-stranded it takes on a complex secondary structure by just this type of
base pairing. Not only does this secondary structure provide RNA with much of its
functional capacities, such as serving as ribozymes, it also protects itself from being
destroyed. Single-stranded RNA is much more labile than double stranded RNA.
Selecting the G, C, A and U bases would provide a very evolutionary force for
ensuring that polymers would survive better than those that could not have a lot of
secondary structure. 

Transfer RNA. Transfer RNAs were likely to play a critical role in early evolving
life. 36,37 This is because they are short (about 75 base pairs) and they provide a critical
aspect of the genetic machinery. As shown in Figure 6 transfer RNAs serve as a bridge
between the sequence of the bases in primitive genes and the amino acids assembled
to form proteins. Just as the secondary structure of RNA was likely to have played an
important role in selecting G, C, A and U bases, the attachment of amino acids to
transfer RNA may have contributed to their stability and improved their ability to
replicate. 35p62

Transfer RNAs would play a critical role in evolving the early genetic code. Since
GC-rich RNAs were more effective at base pairing than AT-rich RNAs, and since the
middle position of the three-letter code can be any nucleic acid, the four initial codes
were likely to be GGC, GCC, GAC, and GUC, coding respectively for glycine,
alanine, aspartic acid, and valine. Sequencing studies indicate that these are, in fact,
the most common amino acids in primitive proteins. 38 A genetic code based on the
use of three nucleic acids would provide coding for 64 amino acids. However, because
of redundancy in the code p24 there are only 20 amino acids. Recent studies 48 suggest
that the use of a two base code preceded the three base code. This would have
considerably simplified the evolution of the genetic code. In addition, the
temperature-sensitive amino acids glutamine and asparagine would have been left
out. This would be consistent with a hot rather than a cold primordial soup. 

Small is beautiful. In addition to the transfer RNAs, everything else also had to
be small and short. Since the replication enzymes were primitive and not too accurate,
the primitive genes had to be short, otherwise, the number of errors would be too
great. Since the earliest protein enzymes were probably random chance combinations
of amino acids and peptides, they would be short and their enzymatic functions
would be crude and primitive. The fact that primitive enzymes were short negates one
of the common arguments of creationists that the probability of the random
formation of modern proteins that are hundreds of amino acids in length is so remote
as to constitute a Basic Argument for Improbability. By contrast, there is a very high
probability of forming short primitive enzymes in which a wide range of sequences
could all work. Short primitive enzymes evolve into longer, more precise enzymes by
mutation and natural selection. 

Ribosomal RNA. Ribosomal RNA would also be one of the early primitive RNAs.
In the absence of protein it can act as a ribozyme and catalyze the formation of
peptide bonds. 49 This, in addition to the genetic RNA, was probably an important
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Figure 6. Alanine transfer RNA. The codon GCA in RNA is recognized
by base pairing with the anticodon CGU, which in turn is attached to a
short transfer RNA with a cloverleaf secondary structure and attached to
the amino acid alanine. Thus, GCA (or GCC, GCU, GCG) coded for
alanine in the resulting protein. 37a



early biotic nucleic acid.
The linkage of energy and information. The utilization of ATP, CTP, GTP, and

UTP as precursors in the synthesis of RNA is unusually efficient for primitive
organisms since these are the same tri-phosphates that serve as important sources of
energy in cell metabolism. The di-phosphates ADT, CDP, GDP, UDP and
pyrophosphate P~P, are also energy sources. Thus, biological energy and information
are intimately linked in nature. 34 These energy sources were likely to have played an
important role in chemical reactions preparatory to the appearance of the first RNAs.

Co-evolution of RNA and protein. Since this is a truly irreducible system, all
components would have to have evolved together. This was possible since many
different short RNA and protein sequences were present in the primitive soup, and
those components that worked were the ones utilized. These functioning mixtures of
RNAs were called quasispecies by Eigen 38 and the complex dynamic interactions of
multiple RNAs and protein was termed a hypercycle. This co-evolution eliminated the
chicken or egg and the catch-22 problems.

Compartmentalization by membranes. Initially much of the assembly of primitive
RNA and peptides took place in the primordial soup and was not sequestered behind
cell membranes. This had the advantage that the solutions developed by multiple
independent copies of primitive proteins or nuclei acids sequences could be shared.
For example, the different transfer RNAs could be shared and the ones that worked
the best would be used. The first genes would be short and the proteins they produced
would be short. The minimum number of genes and enzymes required for
independent cellular life is about 300. 50

Evolution of a DNA-based genome. A double-stranded DNA genome is more
stable than an RNA genome. The development of a DNA-based genome was most
likely initiated by the development of a reverse transcriptase enzyme. This is well
known in modern organisms and produces DNA from an RNA template. 

Summary. All of these elements are present in the model shown in Figure 4. Since
no one was there, it will be very difficult to prove the exact mechanism of the origin of
life. However, the heavens, the earth, and present life forms have all left us with a wealth
of clues. The above model cannot claim to be a proven mechanism for life’s origins, but
it is a reasonable model that is consistent with a wealth of clues. This model shows that
the origin of life was not so intractable that only a divine creator could do it.

The question of “How did life first evolve on earth?” is one of the
most intriguing questions in biology. The time window for this to
occur may have been as narrow as ten million years. Examination of
the wide range of modern organisms has provided a wealth of clues
about some of the necessary chemicals and conditions required. While
many models have been proposed, some are clearly better than others.
One of the most likely is a protometabolism-transfer RNA model,
consisting first of The Age of Chemicals providing the necessary
organic compounds, followed by The Age of Information involving

205

Chapter 18. The Origin of Life



the co-evolution of polymers of RNA and protein. This model shows
that the origin of life was not so intractable that only a divine creator
could do it.

Are We Alone?
One of the most impressive lessons learned is how rapidly life evolved, in as little

as 10 million years, once the conditions on earth were suitable. This returns us to
Crick’s statement at the beginning of this chapter of “whether the origin of life on
Earth was an extremely unlikely event or almost a certainty.” The answer appears to
be, it was almost a certainty. Given that there are trillions of planets in the universe
that could support life it is virtually inevitable that life exists on many of these,
forming what De Duve referred to as the universe’s “vital dust.” 35p292 Does this
diminish us? Of course not. Will we ever communicate with these other forms of
intelligent life? Given that most are over 100,000 light years away, probably not.
However, one thing is certain, if God exists and is the personal God to all intelligent
beings, he is not only going to be very busy but he also has a very difficult task. The
speed of communication would have to vastly exceed the speed of light, yet nothing
is supposed to exceed the speed of light. These required attributes severely stretch the
credulity of our rational brain.

Given the rapidity and apparent ease of the origin of life on earth,
it is likely that many of the other planets in the universe also have
intelligent life. If God exists and is the personal God to this huge
number of beings he has a very difficult task. The speed of
communication would have to vastly exceed the speed of light. Since
nothing is supposed to exceed the speed of light these required
attributes severely stretch the credulity of our rational brain.
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Chapter 19

Evolution: Conclusions

The concept that a supreme being created us is an integral part of many religions.
When we are born it was by the choice of “Our Creator.” During our lifetime we are
spiritually guided by “Our Creator,” and when we die we go to meet “Our Creator.”
From the earliest times that humans acquired the ability to have such thoughts and
when scientific alternatives were not available, the spiritual world and a belief in a
supernatural force was evoked to explain our most critical questions such as, “Where
did we come from?”, “What is our purpose in life?” and “Who created life?” Other
questions relating to our place in the world included “Did God put us at the center
of the universe?” If this was true, then the sun must revolve around the earth.

When Galileo began to use the observational powers of science and actually
peered into a telescope to view the solar system, he concluded that the earth revolved
around the sun. The Catholic Church, which at the time represented the major
Western form of organized religion, initially fought Galileo’s conclusions. This
concept, however, was not a major theological issue, and as the scientific evidence
became overwhelming for a heliocentric solar system, religious resistance to the
concept faded, culminating in a 1984 apology by Pope John Paul II for the manner
in which Galileo was persecuted. 1

However, when Darwin published The Origin of Species, many theologians found
the concept that perhaps God was not “the Creator,” and perhaps the world did not
form in only seven days, and perhaps man was not created in the image of God but
in the image of the lowly chimpanzee—way too much to accommodate. In the
Middle Ages and even in modern times, many believed in the literal truth of the
Bible. If God spoke every word, then every word had to be literally true. Under this
view, the theory of evolution was the ultimate enemy. This view, however, was not
universal. Many theologians assumed that men wrote the Bible and these men were
simply trying to put into writing what they thought was the word of God. Since men
are fallible, the Bible could be a metaphor for the truth rather than the absolute literal
truth. Darwinism did not threaten theologians who held to this view, and many did
hold it. 2

There was, however, a very vocal minority who continued to believe in the literal
truth of the Bible. These were the creationists. More precisely, they were the Young
Earth Creationists. This movement was much stronger in the United States than in
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Europe. In its effort to provide for freedom of religion for all citizens, the United
States Constitution opted for the separation of church and state. A major challenge
to this came in Tennessee in 1925 with the famous Scopes “monkey trial.” Here, in
the heart of the Bible belt, creationists attempted to prevent the teaching of the theory
of evolution in the schools. This led to a classic battle of legal titans, Clarence Darrow
versus William Jennings Bryan. Even though Darrow lost the case, the scientific
position of the Young Earth Creationists was so weak that evolution continued to be
taught in the schools. 

One method to re-invigorate creationism would be to make it more scientifically
palatable. The first item that had to go was the young earth part of creationism. The
advent of radioisotope dating and advances in geology and cosmology made this view
so untenable that no thinking person, and certainly no scientist, took it seriously. If
the creationists were ever to have their views taught in our public schools that part of
creationism had to go. 

Enter Intelligent Design. Now it is agreed that the earth really is 4.6 billion years
old as the radioisotope data clearly shows and yes, some aspects of Darwinism are
correct. When pushed by environmental changes some natural selection and
evolution can occur, but it is rarely able to actually account for the formation of new
species. When some aspects of evolution are carefully examined, especially as related
to certain structures and chemical pathways, they are claimed to be so complex and
have so many critically interacting parts, that they could not possibly have evolved by
the principals of Darwinian evolution. They had to have been the product of
Intelligent Design. However, Intelligent Designers are very careful to never mention
the word God—God forbid. This would make Intelligent Design sound too religious
and this would keep it from being taught in schools as an alternative to the theory of
evolution. Instead the Intelligent Design movement simply states that some force or
power other than evolution was responsible. In addition, even though providing any
testable hypotheses is vigorously avoided, and even though no papers on Intelligent
Design have appeared in any of the peer-reviewed scientific literature, its proponents
claimed that Intelligent Design is scientific and thus qualifies to be taught in the
nation’s schools. Finally, once that is accomplished, it is further proposed that any
naturalistic scientific method that does not include the possibility of involvement of
a divine force should be eliminated. 

Our entire modern civilization exists as a result of naturalistic science and the
application of the scientific method. This method consists of the generation of
testable hypotheses and the dispassionate, unbiased testing of these hypotheses.
Hypotheses that fail this process are discarded. Those that pass this process are
accepted unless they are falsified by later studies. By contrast, Intelligent Design is not
scientific because it does not use the scientific method. It is not dispassionate. It is not
unbiased. It pre-judges the outcome and assumes that Intelligent Design is always the
correct answer. 

In its present incarnation, it appears that Intelligent Design’s only enemy is the
theory of evolution. However, the Wedge 3 philosophy is far broader than that. It
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proposes to dismantle all naturalistic science. This clearly would be catastrophic for
modern civilization. The best way to counter Intelligent Design is to provide the truth. 

The previous chapters illustrate the fact that none of the anti-evolution complaints
of Phillip Johnson 4-6 and none of the examples of so-called “irreducible complexity,”
described by Behe 7 are valid. All of Behe’s examples are either reducible or modular or
both. A wise man once said “Science moves funereally. Scientists don’t change their
minds, they just die off.” This is often true of non-scientists as well. We all have
complex reasons for believing what we believe and those beliefs are difficult to change
regardless of rational evidence that suggests they are incorrect. In this respect, this book
is not intended to change the mind of any members of the Intelligent Design group.
This is unlikely to ever happen regardless of the evidence. This book is instead aimed
toward those who the Intelligent Design creationists are attempting to
target—non-scientists who need to see all the evidence before they make up their
minds. In this book, I am proposing that it is possible for humans to maximally use
both their rational and their spiritual brains. To maximize the use of the rational brain,
the role for evolution is critical for helping us answer important questions such as,
“Where did we come from?” I hope to have made the point that the theory of
evolution is incredibly powerful and capable of answering these questions. 

It has often been said that the theory of evolution is unscientific because it poses
no testable hypothesis. Not every hypothesis in science can be tested in the laboratory.
Darwin’s theory of evolution poses a wide range of testable predictions. For example,
one prediction is that more primitive forms of life should be found in older strata and
the more developed forms in later strata. This has been validated in thousands of field
studies and evidence to the contrary has never been found. Another prediction was
posted by Darwin himself when he stated that in many cases where there appear to
be no intermediate forms in the evolutionary process, it is a result of an incomplete
fossil record that would eventually be filled in. This prediction has been validated
many times. Another prediction is that if all the species on earth are descended from
a common ancestor, they should all use the same genetic code. There are 1.4 x 1070

informationally equivalent possible genetic codes. 8 Despite this, all of the thousands
of species with sequence data show they use the same genetic code. 9 This is just a
small sample of the thousands of testable predictions all of which are consistent with
the theory of evolution.

By contrast, Intelligent Design creationism fails to provide testable predictions.
Although the founders of Intelligent Design have desperately sought to obtain even the
slightest degree of scientific recognition, they have never specified anything that their
theory predicts. As pointed out by Kenneth Miller, 10p123 Johnson has assiduously
avoided putting into the record what the implications of Intelligent Design would be
for the sequential character of the fossil record. In fact, when asked to present any
predictions he refused. Miller pointed out that Johnson is a lawyer, not a scientist. Just
as a defense attorney’s job is to instill reasonable doubt so their client will not be
convicted, Johnson’s goal is to instill doubt about the theory of evolution as an excuse
to teach creationism in schools, not come up with a predictive theory of his own.
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While the Intelligent Design creationists need to develop a testable theory of
their own in order to have legitimate entry to the marketplace of science, they also
need to explain some of the weirdness of their position that a designer was responsible
for the creation of living organisms. Miller put it well:

Intelligent design advocates have to account for patterns in the
designer’s work that clearly gives the appearance of evolution. Is the
designer being deceptive? Is there a reason why he can’t get it right the first
time? Is the designer, despite all his powers, a slow learner? He must be
clever enough to design an African elephant, but apparently not so clever
that he can do it the first time. Therefore we find the fossils of a couple
dozen extinct “almost” elephants over the last few million years. What are
these failed experiments, and why does the master designer need to drive
so many of his masterpieces to extinction?

Intelligent Design does a terrible disservice to God by casting him as
a magician who periodically creates and creates and then creates again
throughout the geological ages. Those who believe that the sole purpose of
the Creator was the production of the human species must answer a
simple question—not because I asked it, but because it is demanded by
natural history itself. Why did this magician, in order to produce the
contemporary world, find it necessary to create and destroy creatures,
habitats, and ecosystems millions of times over? 10p127-128

Elsewhere he states:

They hobble His genius by demanding that the material of His
creation ought not to be capable of generating complexity. They demean
the breadth of His vision by ridiculing the notion that the materials of His
world could have evolved into beings with intelligence and self-awareness.
And they compel Him to descend from heaven into the factory floor by
conscripting His labor into the design of each detail of each organism that
graces the surface of our living planet. 10p268

Behe, another major Intelligent Design advocate, has been less reluctant to
suggest a testable hypothesis. He suggested that the designer placed in the first cell,
from which all subsequent organisms evolved, all of the genes required for complex
structures but in an inactive state just waiting to be activated when they were needed,
often many millions of years later. This prediction is extremely easy to falsify by
examining the DNA sequence of prokaryotes versus eukaryotes. Not only do
prokaryotes have less total DNA, they have far fewer genes than vertebrates and
mammals. In addition, this hypothesis violates Behe’s own statements that “natural
selection can only chose systems that are already working.” 7p228 If a gene is inactive
for millions of years before being called upon to function, it will not undergo natural
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selection and will have accumulated so many deleterious mutations that it would
cease to exist. 

I have attempted to show in the prior chapters on evolution that none of the
Intelligent Design arguments are valid. Since their focus is on complexity, I have
focused on the most complex of the issues they have raised. Responses to any issues not
covered in these chapters can be found on web sites such as the National Center for
Science Education at www.ncseweb.org, evolution.berkeley.edu, www.talkorigins.org,
and www.talkreason.org.

Is Darwinism Poison to Religion?
The source of much of the vitriol that both the Creationists and the Intelligent

Design creationists displayed in trying to discredit evolution comes from the belief
that it diminishes God and the teachings of Christianity. The literal Young Earth
Creationists believe that if the account of creation in the Book of Genesis is falsified,
then none of the teachings of the Bible can be believed. Apparently they have never
heard of the use of metaphor as a powerful technique in literature. The Intelligent
Design creationists have similar worries that if the job of creation is taken away from
God, his role as Redeemer is somehow diminished. Both groups worry that if
Darwinism is true then the whole moral fabric of humanity is somehow doomed. Do
all Christians agree with these views? No. Robert Pennock put it well in his book,
Tower of Babel. 11p39

Because almost all of the conflict that reaches the level of public
debate involves creationists attacking evolution and scientists defending
the same, most people have the erroneous, though understandable, view
that this is just a battle between Fundamentalist Evangelicals and
scientists, and do not recognize that many mainstream Christian
theologians are equally involved in opposing creationism. They are
appalled that creationists presume to limit the means by which God’s
creative power can operate and to claim that their anti-evolutionary view
is the only true Christian viewpoint. Theologically they object to thinking
of Genesis as giving a literal description of Creation as though it were a
science textbook, and they caution us not to forget the notorious earlier
“conflict” between the scientific and religious views about the movement
of the earth and the heavens, and the aphorism that was the lesson of “the
Galileo affair,” namely that the Bible teaches how to go to heaven, not
how heaven goes. Many mainline religions and Christian denominations
have explicitly declared that they find no conflict with evolution.

A specific example is the statement of Pope John Paul II. In an October 22, 1996
message to the Pontifical Academy of Sciences, he explicitly endorsed the findings of
evolutionary theory, stating that “fresh knowledge leads to recognition of the theory
of evolution as more than just a hypothesis.”
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Judaism also has no issue with evolution. Rabbi Samson Raphael Hirsch
(1808-1888), the great nineteenth-century Torah scholar, wrote that a totally
naturalistic evolutionary explanation for life would show the “creative wisdom” of God
in being able to design a set of simple rules that produces extraordinarily complex and
rich results without any need for interference. Thus, neither mainstream Christian,
Catholic, nor Jewish theologians believe that evolution is a threat to their religion.

The scientific method, what Johnson calls “scientific naturalism,” is also no
threat to religion. The scientific method cannot rule out a role for God as a causative
agent in a given process; it simply does not start with the assumption that God is the
cause. 11p202 The search for testable hypotheses comes first.

The point of the previous chapters is that the essence of science is to find truth
by making and testing hypotheses. Hypotheses that fail this process are discarded. The
hypotheses based on the theory of evolution have been validated over and over in
thousands of studies. Intelligent Design creationists either provide no testable
hypotheses or, for the one time they did, the hypothesis failed miserably. Intelligent
Design is not a viable alternative to the theory of evolution. A belief in God and a
belief in evolution are not mutually exclusive. 

As pointed out in the introduction, the purpose of this book is to explore two
fascinating capabilities of the human brain, the rational brain that seeks objective
truth and the spiritual brain that seeks solace in spirituality and wants to be connected
to something greater than itself. The past chapters were devoted to the conclusions
that the rational brain would come to about the central question of “Where did we
come from?” and “Who created us?” 

Thus the purpose of Parts I and II was to provide information to counteract the
assertions of the creationists that there are huge gaps in our knowledge about
evolution and that these gaps can only be closed by divine intervention. While there
will always be gaps in scientific knowledge, I hope to have shown that most of the
gaps that matter have been filled in by modern science. The gaps are huge only if one
chooses to avert one’s eyes away from reality. If the listener is told only a biased
viewpoint and does not have the background or expertise on which to base an
informed decision, the decision will be a foregone conclusion—like a trial where only
the prosecution gets to present its case. At a minimum, for those interested in
listening, I hope I have provided the reader with a more balanced set of information
on which to base a decision. Intelligent Design has not provided the correct answers.
The theory of evolution, especially in its most modern versions, has.

Part III extends the discussion of “Where did we come from?” further back in
time to the origins of the universe, to cosmology, to quantum theory, and quantum
weirdness and its role in spirituality. 
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Part I of this book introduced some of the basic aspects of the
theory of evolution. This has been attacked by the Intelligent Design
neo-creationists as inadequate to answer some of the more difficult
questions about complex systems and structures that have been
claimed to have such irreducible complexity that a supreme being
capable of Intelligent Design would have to have created them. 

The chapters in Part II illustrate that none of the Intelligent
Design creationist attempts to disprove the theory of evolution are
valid. Good theories make testable predictions. For evolution, such
predictions have been validated thousands of times. Most Intelligent
Design creationists refuse to state testable predictions based on their
theory. One testable theory proposed by Behe failed miserably.
Intelligent Design is not a viable alternative to the theory of evolution.

As painful as it may be to some, life on earth and the development
of all species of life on earth, can take place without divine
intervention. Despite this, neither mainstream Christian, Catholic,
nor Jewish theologians believe that evolution is a threat to their
religion. Religions have no reason to fear evolution.
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Truth is more of a stranger than fiction.
Mark Twain

Part III

Cosmology

Who are we? Why are we here? Was our universe created from nothing? If so is
this proof that God exists? Did time start with the creation of the universe or was it
always there. Has the universe been created from intense concentrations of energy? If
so where did that energy come from? Could only God have put it there? Is the energy
itself God? These and many other questions have relevance to the issues of theology
and cosmology—the study of the origin, composition and fate of the universe.
Cosmology is thus very relevant to a book about Who Created God? and a book about
our rational versus our spiritual brain. 

Two of the most common reasons cited by theists and Intelligent Design
proponents as evidence that God exists come from different aspects of cosmology.
These relate to the Big Bang and the Anthropic Principle. 

• The Big Bang suggests that the universe was created from nothing—in one
gigantic explosive inflation. Can only God create something from nothing or do
the laws of physics allow this to happen? Does quantum theory allow this to
happen? Would the existence of multiple universes allow this to happen? 

• The Anthropic Principle states that the universe, life and man would not exist
unless all of the cosmological constants were precisely what they are. Can only God
bring about such an incredible feat of fine-tuning or are there other equally valid
explanations that avoid the even more difficult question of — Who created God?

Who created us? Where did we come from? This question was addressed in
relation to the origin and evolution of life on earth in Parts I and II of this book.
These parts showed that life is the product of evolution and natural selection for
variations that were brought about by different types of random changes in DNA.
While evolution is not directed, it does tend toward the development of greater and
greater complexity. This is the result of the simple fact that when significant
environmental changes occur, more complex organisms often have a selective
advantage over organisms that have remained unchanged. Because the earth formed
4.6 billion years ago, this story is limited to that time span. The study of cosmology
allows us to explore our origins back to the beginning of the universe—13.7 billion
years ago.
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The past century has seen a series of remarkable new discoveries in relation to the
theory of relativity, quantum theory and string theory. Some of the weird aspects of
these theories have stretched the boundaries of our rational brain and have opened up
new boundaries for our spiritual brain. Does the weirdness of quantum theory suggest
there are things in the universe that are greater than the sum of its parts, or do we
simply need to expand our belief in the rational laws of nature to accommodate this
weirdness? Is there anything in cosmology and the weirdness of quantum mechanics
that can provide the rational brain with a sense of peace, spirituality and
connectedness to the universe? Can the rational brain find God in cosmology or is
that kind of God too cold and too impersonal? There is still much about the universe
that science cannot yet explain. Is this reason for theists to rejoice? Is this reason for
believing in God? Or, as has occurred many times before in science, will the
unknowns soon become known? 

The following chapters are not meant to be a definitive study of all the
remarkable cosmological findings and theories that have developed in the past and
current centuries. That would require several books. Instead I have focused on those
concepts that I feel are most relevant to the essence of this book, the conflict between
our rational and spiritual brain, and whether the recent advances in cosmology prove
that God exists. The first four chapters of Part III provide a basic review of the science
of cosmology. The last chapter discusses the implication of these subjects for theology,
religion, the conflict between our rational and spiritual brain, and the issue of Who
Created God?
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Einstein said that if quantum mechanics were correct then the world would be crazy.
Einstein was right – the world is crazy.

David Greenberger

Chapter 20

The Weird World of Quantum Physics

Several of the aspects of physics and cosmology that are relevant to the issue of God
and spirituality revolve around some of the weirder aspects of quantum physics. Some of
the weirdest of these relate to interference, the uncertainty principle, and entanglement.

Interference
Christiaan Huygens, a famous seventeenth century scientist, argued that light

was propagated by waves. Just as sound required air for its propagation, he proposed
that light was propagated by what he called ether. He proposed that ether was
composed of tiny elastic particles which when excited produced light waves. Another,
even more famous seventeenth century genius, scientist and mathematician, Isaac
Newton, thought Huygens was wrong and proposed instead that light consisted of
tiny particles. By traveling at different speeds these particles produced different colors
of light. This was the beginning of a long running feud over the question of whether
light was a wave or a particle. 

The issue appeared to have been solved with the experiments of a brilliant British
physician and physicist, Thomas Young. His greatest contributions to physics came
from his double-slit studies of light demonstrating interference. If a light beam was
shone through a single slit it produced a single bright band of light (Figure 1).

Figure 1. Single-slit experiment producing a single band of light on the
detector.
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In contrast, when light was shone through a double slit, an interference pattern
of light and dark bands appeared on the detector (Figure 2).

Figure 2. Double-slit experiment producing an interference pattern.

When the light passes through two slits the waves from each slit caused either
constructive or destructive interference with the waves from the other slit. In
constructive interference the amplitude peaks of the waves meet and the light signal
is enhanced. In destructive interference, the troughs of the waves meet, the signal is
canceled out and the light is diminished. This results in light and dark bands
producing an interference pattern. Since such a pattern is explained by waves, Young
proposed that his experiment proved that light is a wave. This theory held
prominence for the next 100 years. 

Planck’s constant. Max Planck, a German physicist, initiated the field of quantum
physics with his studies of energy. His doctoral dissertation was in the field of
thermodynamics, or the study of the conservation of energy. He became interested in
a phenomenon in physics known as blackbody irradiation. Thomas Wedgewood, the
founder of the British Wedgewood porcelain, initiated the concept of blackbody
irradiation. It had been known since ancient times that the hotter the object became,
the more its color shifted from red to violet. During his work with porcelain kilns in
1792 Wedgewood discovered that the color of objects heated to a very high
temperature depended only upon the temperature and not on other characteristics of
the heated object. 

A problem with blackbody irradiation was that at some temperatures the known
physical laws relating to radiant energy broke down. He found that if he prevented
one of the values in the equations from going all the way to zero, all of these problems
disappeared. This minimum value was 6.626 x 10-34 Joule-seconds, a very, very tiny
number. This was called Planck’s constant, and the tiny packages of energy were
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called quanta. The equation for the quantum energy of a photon was E = hf, where E
was the energy of a photon, h was Planck’s constant and f was the frequency of the
radiation. This was called Planck’s law. In essence Planck’s law states that radiant
energy exists in discrete quanta that are proportional to the wave frequency. The
concept that energy occurred in discrete packets provided the beginnings of quantum
theory and transformed the field of physics. 

Around the turn of the twentieth century physicists began to write about the
photoelectric effect of light. This referred to the ability of certain metals to produce
electricity when light was shone on them. The wave theory of light predicted that A)
the more intense the light the more energy the electrons would have when they fly off
the metal plate, B) if the light was very feeble it would be necessary to expose the plate
for several seconds or minutes until enough waves struck it to knock electrons loose,
and C) waves of any frequency should knock electrons free. 

Experiments showed that none of these predictions were true. The energy of the
electrons did not depend on the intensity of the light, the electrons always appeared
as soon as the light reached the plate, and no electrons were produced if the frequency
of the light waves were below a critical value.

In Einstein’s 1905 miracle year, in which he produced four groundbreaking
papers, one was entitled “On a Heuristic Viewpoint Concerning the Production and
Transformation of Light.” 1 In this paper he stated: 

In accordance with the assumption to be considered here, the energy
of a light ray spreading out from a point source is not continuously
distributed over an increasing space, but consists of a finite number of
energy quanta which are localized at points in space, which move without
dividing, and which can only be produced and absorbed as complete
units.

He utilized Max Planck’s finite energy concept and proposed that the energy of
the electrons did not depend upon the intensity of the light because each electron
absorbs only one packet at a time. If the absorbed energy is large enough to expel the
electron from the metal, it leaves. If not, the electron dissipates its energy in collisions
with nearby electrons and atoms before it can absorb another packet. As soon as a
single packet containing sufficient energy strikes the source plate, it will knock an
electron free. There is no need to wait for multiple waves to build up enough energy.
Importantly, Einstein also predicted that no electrons are produced if the frequency
of the light waves is below a critical value, and that the maximum energy of ejected
electrons should increase with the frequency of the applied light. The photoelectric
effect is diagrammed in Figure 3.

Einstein’s work was consistent with both the particle and the wave theories of
light. Subsequent experiments proved that Einstein’s photoelectric theory was correct.
The packets of light were later termed photons. Although the paper on the theory of
relativity, for which Einstein is most famous, was published in the same issue as the
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paper about the
photoelectric effect, it
was the photoelectric
effect paper that won
him the Nobel Prize. In
1924 the French
physicist Louis de
Broglie proposed that in
addition to light
packets, physical bodies
such as electrons and
other particles also had
wave properties. 

So where is the weirdness? So far, nothing is particularly
weird about what has been described. The weirdness came
when Young’s experiments were repeated using light that was
so weak that it emitted only one photon at a time. Now our
rational brains would say that the interference pattern would
no longer be produced because a single photon obviously
cannot interfere with itself. If it did, the photon would have
to pass through both slits at the same time. Since a particle
cannot be in two places at the same time, this should be
impossible and the interference should disappear. The
remarkable thing was that the interference pattern did not
disappear. It was still present, as shown in Figure 4. 

In quantum physics, this phenomenon of appearing to
be in two places at the same time is called the principle of the
superimposition of states. I will refer to the strange parts of
quantum theory and quantum weirdness.

Quantum weirdness #1: When interference
experiments are performed with a light intensity so
low that only one photon is emitted at a time, the
interference pattern is still present. This is the
principle of the superimposition of states. This
indicates a particle can be in two places at the same
time.

Some authors have brought different aspects of the
weirdness of quantum physics into discussions of God and
spirituality. However, to evaluate the spirituality issue it is
important to determine the maximum size of the particles
that are served by quantum laws. Studies of interference are
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Figure 3. Photoelectric effect.

Figure 4. Results of sending one
photon at a time through the
double slit. The five panels show
the results for 1, 10, 100, 1,000
and 10,000 photons. Each panel
includes the results of the previous
panel. 7



valuable in this regard. De Broglie predicted
that—in addition to photons, electrons,
neutrons—alpha particles and a wide range of other
particles would also show a wave pattern. If so, they
should also show interference, and they do. Figure
5 shows an alpha particle consisting of a helium
nucleus with two protons with a positive charge,
and two neutrons with no charge.

An alpha particle is much larger than a photon
or an electron and it showed interference. What is
the maximum-size particle that shows interference?
This prize goes to buckyballs. A buckeyball is a
molecule consisting of 60 carbon atoms arranged in
a structure resembling a geodesic dome (Figure 6). 

Buckyballs are named after Buckminster Fuller,
who made such domes famous in architecture. In
1999 Arndt and colleagues 2 demonstrated
wave-particle duality and interference with
buckyballs consisting of 60 carbon atoms (Figure 7).

They showed that a stream of buckyballs
passing through a diffraction grating produced an
interference pattern that was not present when the
diffraction grating was removed. The presence of the
diffraction grating interactions at the wave troughs
resulted in destructive interference-producing dips
on both sides of the main peak. 

The Uncertainty Principle
When light is shined through a prism, or

through water droplets in a rainstorm, a beautiful
spectrum of colors is produced. It had long been
known that lines of different wavelengths appeared
in the spectra produced when the source of light
was a hot gas. Different elements produced
different spectral lines as shown in Figure 8.

There are three types of spectra emitted by
objects. The one we experience when we see a
rainbow or pass light through a prism is a
continuous spectrum. It does not contain spectral
lines. With an emission spectrum, hot gases of
various compositions produce the spectral lines as
shown in Figure 8. An absorption spectrum is
produced when a continuous spectrum passes
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Figure 5. Alpha particle (helium nucleus)
consisting of two protons and two neutrons.

Figure 6. A buckyball. 8

Figure 7. Demonstration of interference using
a stream of buckyballs. A) With diffraction
grating. B) Without diffraction grating. Arndt
et al. Wave-particle duality of C60
molecules. Reprinted by permission from
Macmillan Publishers, Ltd. Nature. 401:
680-681, 1999. 



through a cool gas. Here the spectral lines are removed, producing an inverse of the
emission spectrum. These three types of spectra are illustrated in Figure 9. 

Figure 9. Three types of spectra.

The simplest atom is hydrogen, consisting of a nucleus with one proton orbited
by one electron. A number of scientists described different frequencies at which the
hydrogen atom produced different sets of spectra. These sets were named after the
scientists who described them—Lyman for an ultraviolet series, Balmer for a visible
light series, and Paschen for an infrared series. No one had an adequate explanation
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Figure 8. Spectral lines typical of different elements. 9



of what was producing these different, very specific spectra. No one, that is, until a
Danish theoretical physicist, Niels Bohr addressed the problem.

Using Max Planck’s theory as a basis, he quantized the energy of the atom and
proposed that when the hydrogen atom drops from one energy level to a lower one,
the energy that is released comes out as a single Einstein photon. This use of Planck’s
quantum theory to explain what happened in the interior of an atom was a major
breakthrough for physics and further expanded quantum theory. It also finally
explained spectral lines. Every emitted frequency was due to an electron descending from
one energy level to another. The difference between the beginning and ending energies
was emitted in the form of a quantum of energy. 3p43 This concept is illustrated in
Figure 10.

Figure 10. Diagram of how Niels Bohr’s quantum theory of the atom
explains the Lyman, Balmer and Paschen series of spectral lines. 10

Each orbital drop produces a quantum packet of energy radiation resulting in
lines with specific frequencies. In 1922 Niels Bohr received the Nobel Prize for his
quantum theory of the atom. The story is told that following a discussion of Young’s
dual slit experiment and the principle of the superimposition of states, Bohr
murmured, “To be…to be…what does it mean to be.” 3p88

Schrödinger’s equation. Erwin Schrödinger was a professor of Theoretical Physics
at the University of Zürich. He was anxious to make a major contribution to the field
of physics. His colleagues such as Einstein and Bohr had made their groundbreaking
discoveries in their early twenties, yet by age 37 Schrödinger had not produced
anything outstanding. Although married, he was well known for keeping old
girlfriends in his life. A few days before Christmas in 1925, he left for a vacation in a
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villa in the Alps. Although his wife did not join him, an unknown old girlfriend did.
According to legend, the erotic tryst jarred his creative insights and he authored what
is known as the Schrödinger equation. 3p62 It describes the statistical behavior of
particles in the tiny world of quantum mechanics. 

His equation had two important consequences. The first relates to statistical
probabilities. In the macro world that we can see, if the initial location (position) and
speed of a car (momentum) is known, it is possible to predict with great accuracy
where the car will be at a given future time. By contrast, in the micro world of the
atom, it is only possible to describe a range of probabilities about where a particle will be.
The second consequence relates to entanglement and will be discussed later. In 1933
Schrödinger received the Nobel Prize for his famous equation.

Heisenberg’s uncertainty principle. Werner Karl Heisenberg, using a form of
mathematics called matrix mechanics, further expanded the issue of probabilities. The
uncertainty principle states that in the subatomic quantum world, the position and
momentum cannot both be accurately known. The more precisely the position is
known, the more uncertain the momentum. The more precisely the momentum is
known, the more uncertain the position. In other words, uncertainty cannot be
removed from quantum systems. In 1932 Heisenberg received the Nobel Prize for his
contributions to quantum theory. The uncertainty principle provides our second
quantum weirdness.

Quantum weirdness #2: In the macro world that we can see,
precise knowledge about position and momentum allows us to
accurately calculate a new position. However, in the micro world of
quantum mechanics, the more precisely position is known, the more
imprecise our knowledge of momentum, or the more precisely
momentum is known, the more imprecise our knowledge of position.
This is known as Heisenberg’s uncertainty principle.

Entanglement
While Einstein played a major role in the development of quantum theory, he

was always uncomfortable with it as indicated by his famous statement, “God does
not play dice.” By this he meant chance should have no place within the laws of
nature. While in the quantum world reality was always stated in probabilities or
chance, he felt that a better or deeper theory would allow precise predictions rather
than only probabilities. In this regard, he and two colleagues, Podolsky and Rosen,
issued a challenge to the field of quantum physics, claiming it was incomplete. This
was reflected in the title of their 1935 paper, “Can Quantum-Mechanical Description
of Physical Reality be Considered Complete?” Based on the initials of its authors,
Einstein, Podolsky, and Rosen, this is often referred to as the EPR paper. 

They described what occurs when an atom gives off two photons in response to
one of its electrons descending to a lower state of energy. While neither photon flies
off in a definite direction, the pair will always be found on opposite sides of the atom.
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That is, they leave the atom in opposite directions. These two photons are always
intertwined. The instant that one photon is changed, its twin—wherever it may be in the
universe—will change instantaneously. 3 This has been referred to as entanglement, a
term coined by Schrödinger. In 2001, Amir Aczel published a delightful book on the
subject. 3 He considered entanglement to be the most bizarre of all the weird aspects of
quantum theory. Einstein termed this “spooky at a distance.” The point that Einstein,
Podolsky, and Rosen were trying to make with this thought experiment was that if
quantum physics allowed such a bizarre phenomena to exist, then there must be
something wrong with the theory.

Bell’s Theorem. John Bell was a nuclear physicist whose day job was to design
accelerators at European Center for Nuclear Research (CERN). He pondered the
mysteries of quantum physics at night. He attacked the problem raised by the EPR
paper. First a definition: locality refers to the concept that what happens in one place
cannot instantaneously affect what happens at a distant location. That is, effects are
local and do not occur at a distance. The issue of the EPR paper was that quantum
theory and locality could not both be right. Einstein and John von Neumann felt that
if particles appeared to be connected at a distance it was because there were hidden
variables that conveyed how they should behave after they became separated, and the
apparent non-locality was an illusion. If locality was truly correct, quantum theory
was incorrect.

In its simplest form, Bell’s theorem stated that if his equations, known as
inequalities, could be violated by experimental results, this would provide evidence in
favor of quantum mechanics and against the EPR complaints. In another paper, Bell
proved that the hidden variables that Einstein and von Neumann assumed existed and
would prove quantum mechanics was incomplete—did not exist. In summary, Bell’s
theorem was that hidden variables and locality had no place in quantum theory.
Concerning Bell’s Theorem, Aczel quotes a friend, Abner Shimony: 3p147

Bell was a unique individual. He was curious, tenacious, and
courageous. He had a stronger character than all of them. He took on
John von Neumann—one of the most famous mathematicians of the
century—and with no hesitation showed that von Neumann’s assumption
was wrong. Then he took on Einstein. 

Bell’s theorem provided guidance to experimental physicists about how they
could prove whether entanglement really existed. Many subsequent experiments
proved entanglement and non-locality were real. 3 Instead of spelling a death knell to
quantum theory, these experiments overwhelmingly supported it. 

Quantum weirdness #3: When paired particles are emitted from
an atomic source in opposite directions, their characteristics are
entangled. When a property of one particle, such as spin, is changed,
its twin will change instantaneously regardless of how far apart they
are in the universe.
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Entanglement and separation in space. Since distance has no meaning to entangled
particles, entanglement would seem to break down our notion of spatial separation.
However, if information cannot be transmitted, this connectedness across space and
the universe has no meaning outside of the weird-world of quantum physics. Why
can’t entanglement transmit information? It all has to do with the role of the observer.

Role of the observer. In an extension of one of the experimental tests of
entanglement, Yanhua Shih of the University of Maryland noted that when he could
observe which of two paths were taken by a photon, no interference pattern was
produced. In this “which-path” design, light acts as a particle. If he could not observe
which of two paths was taken by a photon, it was a “both-paths” design. Now the
photon was viewed as taking both paths simultaneously and an interference pattern was
observed. This means that when not observed, the particle can take both paths at once,
but as soon as the particle is observed or measured, “we force some quantum system to
choose an actual value, thus leaping out of the quantum fuzz into a specific space.” 3p251

Quantum weirdness #4: Whether light acts as a wave or a particle
depends on the observer. If the experiment allows one to determine
which of two paths the photons take, light acts as a particle. If the
experiment does not allow one to determine which of two paths are
taken, the light takes both paths simultaneously and acts as a
wave—and shows interference. The observer forces the quantum
world to chose a specific value.

The implication of this is that as soon as information is extracted from the system
it collapses. Since the observer cannot choose what that state will be, only random
information is obtained, unsuitable for transmission. 

Entanglement and the speed of light. The phrase, “Its twin will change
instantaneously regardless of how far apart they are in the universe,” carries with it an
apparent violation of Einstein’s theory of relativity that states that nothing can travel
faster than the speed of light. In an experiment designed to examine this issue, Anton
Zeilinger performed an entanglement experiment in Switzerland using 16 miles of
fiber optics. In this experiment, if there was a signal from one end informing the other
end of its status, it would have had to travel ten million times the speed of light. 3p237

However, since entanglement does not allow us to send readable messages, it does not
violate the speed of light limitation. 

Despite the above caveats, some physicists still believe that “the spirit of relativity
theory” has been violated since “something” travels infinitely fast between the two
particles 3p252. John Bell himself was of this opinion. One way out of this messy
weirdness is to take the view that nothing is really transmitted between two parts
because the parts are actually not separate entities. They are a single entity.

Do deeper principles underlie quantum uncertainty and nonlocality? The
interpretation that once the path of a particle is observed, interference collapses, is called
the Copenhagen Interpretation of quantum weirdness. The fact that this is still an issue
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is indicated by the fact that in its 125th anniversary issue, Science magazine asked
scientists around the world what they thought were the major unanswered questions in
science. One of the responses was, Do deeper principles underlie quantum uncertainty and
nonlocality? 4 In addition to the Copenhagen Interpretation, one of the alternative
explanations is the “many worlds” proposal. This suggests that interference,
entanglements and other quantum phenomena are explained by posing that every
possible quantum outcome really exists but in worlds parallel to our own. I personally
am not convinced that this model is any less weird than the Copenhagen Interpretation.

Gravity and quantum weirdness—Do all objects occur in two places at once? Sir
Roger Penrose at Oxford’s Mathematical Institute has proposed a believable third
interpretation. He is the author of The Road to Reality: A Complete Guide to the Laws
of the Universe. 5 He pointed out that gravity is the only force physicists have been
unable to explain in quantum terms. This is due in a large part to the fact that the
force of gravity is by far the weakest of all the forces. It is so weak that theorists saw
no problem with leaving it out of their equations. Penrose thinks this was a mistake.
He points out that despite the tiny size of electrons, protons, and other particles that
populate the quantum world, they also produce a warp in time and space, as Einstein
proposed in his explanation of gravity. 

If all objects can occur in two places at the same time, each would create its own
distortions in space-time yielding two superimposed gravitational fields. It takes
energy to sustain such a system, and the more energy required, the more unstable the
system. Over time the unstable system settles back to its simplest, lowest energy state
of one object in one place. 6 Tiny subatomic particles of the quantum world require
so little energy they can persist in this unstable state forever. By contrast, bigger
objects, like us, instantly settle into one state or the other. Penrose calculated that for
a person, the time it takes to settle into one state is a trillionth of a trillionth of a
second, too small to measure. 

The beauty of this hypothesis is that it is testable. In addition, it removes some
of the weirdness from the quantum world. There is nothing weird about the one force
we all experience directly—gravity. 

Is Quantum Weirdness Relevant to Human Spirituality?
One important question is, where does the boundary lie that separates the

macro-world we see from the micro-world of quantum mechanics? If the boundary is
too far into the micro-world, quantum weirdness would probably have no relevance
to human behavior and experience. If the boundary encroaches on the macro-world,
it may have relevance to human consciousness, thought, behavior, and a
connectedness to something greater than us. 

• Although Einstein complained about quantum weirdness by stating, “God does
not play dice,” Niels Bohr said, “Albert, stop telling God what he can do.” Even
more relevant to quantum weirdness, Stephen Hawking said, “God not only
plays dice. He sometimes throws them where they cannot be seen.”

• Does interference, and with it the idea that particles can be in two places at the
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same time, have any relevance to Bohr’s questions, “What does it mean to be?”?
• Should the uncertainty principle be viewed as one more reason, like evolution, to

feel that we are just the probabilistic product of random events? Does that
diminish us? Does that affect the question, “Do we have a purpose?” Does
entanglement suggest that all humans are connected to each other and to nature,
as the Eastern religions suggest, or is it just an interesting but irrelevant
phenomenon since entanglement does not allow the transmission of information? 

• Does the fact that certain aspects of quantum theory seem beyond human
understanding allow our rational brain to more easily accept the concept of
God—another concept beyond our understanding? Or should we behave as one
scientist said to a colleague who didn’t understand quantum weirdness, “Just shut
up and do the calculations”?

One complaint of theologians and Intelligent Designers is that science does not
include divine intervention as one of its primary hypotheses. Naturalistic science
carries with it the implication of “That is all there is?” and “There is nothing here that
is greater than the sum of its parts.” Since supernatural beings are, by definition,
greater than the sum of their parts, naturalistic science would seem to deny the
existence of God. Many scientists agree with this, but not all. If there is any place in
nature that God is hiding, or anywhere that the rational brain may feel comfortable
with the thought that there may be something out there that is greater than the sum
of its parts, the weirdness of quantum physics might be a reasonable place to go
looking. However, if Penrose is right about the role of gravity, much of the weirdness
disappears and with it many of these issues.

I have discussed the basic facts of quantum theory in some detail so the readers
can have a firm background on what quantum mechanics is all about and can form
their own opinions about whether quantum weirdness plays any role in their own
spirituality. The above questions are just some brief teasers. Since many additional
aspects of cosmology such as the Big Bang and string theory are relevant to religion,
theology, and spirituality, a more complete discussion of the relevance of cosmology
to these issues and to the potential conflict between our rational and spiritual brain is
presented in Chapter 24.

A complete discussion of the relevance of quantum theory to
spirituality is given in Chapter 24.
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Chapter 21

The Big Bang

The Big Bang theory proposes that the universe suddenly arose from virtually
nothing. It has been seized upon by theists as one of the “proofs” that God exists. This
is based on their assumption that only God can make something out of nothing.
Since such theological importance has been placed on the Big Bang, I will provide the
reader with enough detail to allow them to understand what the Big Bang is, how the
theory originated, and what was involved at the level of subatomic particles – so you
can make your own judgments.

One of the four papers that Einstein wrote in his 1905 “miracle year” was entitled
“On the Electrodynamics of Moving Bodies.” This was his paper detailing the special
theory of relativity. A second very short paper published later in the same year was
entitled “Does the Inertia of a Body Depend on Its Energy Content?” These papers
changed forever how physicists viewed time and space. In the latter paper Einstein
wrote: 1p35

If a body gives off the energy E in the form of radiation, its mass
diminishes by E/c2…The mass of a body is a measure of its energy
content; if the energy changes by E, the mass changes in the same sense.

A simple rearrangement of this statement leads to the most famous equation in
all of science: E = mc2 where c2 is the velocity of light squared. Since the velocity of
light is very fast, 186,000 miles per second, when squared it produces a very large
number. Thus, each unit of converted mass produces a huge amount of energy. We
are most familiar with the implications this equation has for atomic energy where the
conversion of tiny amounts of mass can produce enormous amounts of energy.
However, the flip side of this equation provides great insights into the origin of the
universe, since it shows that huge amounts of pure energy can be converted into mass.
This is exactly what produced the universe—a quantum instability in huge amounts
of energy started the development of the universe. This has been referred to as the Big
Bang. This chapter is the story of that conversion of energy to mass. To better
understand the story of where the universe came from, we must first review the
building blocks of the current universe. 

The Forces of the Universe
When Einstein wrote these papers only two types of physical forces were known:
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gravitational force and electromagnetic force. We are all familiar with the force of
gravity first proposed by Isaac Newton in 1867. It is what made the apple drop and
what is responsible for the fact that our legs are always just long enough to reach the
ground. We are also well aware of the electromagnetic force. This is responsible for
electricity that runs our computers and telephones, for visible light that allows us to
see, and for TV and radio waves that allow us to watch TV and listen to the radio.
Figure 1 illustrates the different parts of the electromagnetic (EMF) spectrum.

Figure 1. The range of the electromagnetic spectrum. 4 Reprinted with
permission of John Wiley & Sons, Inc.

The visible light portion represents only a small part of the entire EMF spectrum.
All of the different waves are composed of photons of different energy levels — the
shorter the wavelength, the higher the frequency, and the greater the energy of the
photons. The microwave portion of the spectrum is especially relevant to the story of
the Big Bang. Although they are called microwaves, their wavelength is longer and
they contain lower-energy photons than visible light. They are micro only in relation
to radio and TV waves.

Einstein spent his remaining years attempting to develop a theory of everything
that would unite the macro-world that his theory of relativity so well described and
the micro-world of quantum mechanics, that he found so spooky and difficult to
accept. However, he attempted to develop this theory without knowing about the two
other forces of the universe, the strong force and the weak force. These were only
discovered in the latter part of the twentieth century using powerful linear
accelerators and are the nuclear forces of the subatomic world. The strong force is
responsible for holding or gluing together the protons and neutrons of atomic nuclei.
Without this force all matter would fly apart and we would not be here to discuss
these forces. The weak force is responsible for the radioactive decay of elements such
a uranium and cobalt.

Each of these forces is associated with a particle that represents the smallest
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possible unit of that force. These forces and their characteristics are listed as follows:

Force                     Strength            Range (m)      Force Particle             Mass
strong                     1                        10-15                gluon                           0
electromagnetic      1/137                 infinite             photon                        0
weak                       10-6                    10-16                weak-gauge bosons      86, 97
gravity                    6 x 10-39             infinite             graviton                       0

This shows how weak the gravitational force is compared to the other forces. The
range of the strong force is equivalent to that of a medium-sized nucleus, while that
of the weak force is that of a proton. All of these force particles have zero mass except
the weak-gauge bosons that have a mass equivalent to 86 and 97 protons. All have
been experimentally proven except the graviton, which is being vigorously pursued. 

Particles of the Universe
In addition to forces, the second major components of the current universe are the

fundamental particles. The term atom dates to the time of Democritus (460-370 B.C.)
the ancient Greek philosopher. He used the term to define the smallest, uncuttable
particle of nature. When nineteenth century scientists identified pure compounds such
as oxygen, nitrogen and carbon, the smallest units were called atoms. The British
physicist J. J. Thomson at the Cavendish Laboratory in England discovered the first
subatomic particle in 1897. He was experimenting with cathode ray tubes. It was
known for years that when a high voltage of electricity was passed through a vacuum
tube, the tube glowed with beautiful colors. It was assumed that some type of ray was
being produced, but the composition of the ray was unknown. Thomson made the bold
prediction that these rays were composed of “corpuscles” that resided inside the atom
and that all atoms were composed of these corpuscles. Further work showed the
Thomson’s corpuscles were tiny, negatively charged particles. They were called electrons.

After the discovery of the electron, it was realized that there must be a positive
charge in the atom to balance the negative charge of the orbiting electrons. It was
assumed that the electrons and positive particles were evenly distributed throughout
the mass of the atom. Ernest Rutherford was a student of Thompson. He was
researching the newly discovered phenomenon of radioactivity using uranium. In
1898 he confirmed an earlier observation of Henri Becquerel that the radioactive rays
coming from uranium consisted of two parts that he termed alpha and beta. Alpha
rays were easily adsorbed while beta rays were more penetrating. Rutherford used the
same technique that Thompson had used in his discovery of the electron to measure
the charge of alpha particles. He found that if the alpha particles were passed through
a thin sheet of mica, the image on a photographic plate was blurred. This did not
happen if the mica film was not present. He termed this effect alpha scattering.

In further studies of alpha scattering with two colleagues Hans Geiger and Ernest
Marsden, Rutherford found that when a gold film was used instead of mica, the alpha
particles scattered at a much greater angle and sometimes bounced straight backward.

235

Chapter 21. The Big Bang



He described this as the most incredible event in his life, “as if you fired a 15-inch
shell at a piece of tissue paper and it came back and hit you.” Such huge deflections
were not consistent with Thompson’s model of the atom. They could only be
explained if all the positive charges of the gold atom were concentrated into a tiny
mass capable of causing the alpha particles to bounce backward. In 1911 Rutherford
proposed that the atom contained a massive nucleus that contained all of the positive
charge, and that the lighter electrons were outside this nucleus. This nucleus had to
have a radius that was 10,000 times smaller than the radius of the atom. As described
in the previous chapter, in 1915 Niels Bohr further refined Rutherford’s model by
suggesting the electrons also existed as quanta and occurred in orbits at different
distances from the nucleus. In 1919 Rutherford first termed the positively charged
particle in the nucleus a proton.

It soon became clear that the story of the composition of the nucleus was still not
complete. Things did not add up. The charge of atoms reflected the number of

electrons and protons. However, except for
hydrogen they did not add up to the total
atomic mass. For example, helium has an
atomic mass of four but a charge of only
two. Rutherford suggested that one
solution would be the presence of a nuclear
particle with no charge. He termed this a
neutron but it was only a hypothetical
concept. Again using radioactivity, in 1932
James Chadwick identified the neutron
and showed that its mass was
approximately 0.1 percent greater than the
mass of a proton. When Heisenberg
showed that the neutron could not simply
be a protein-electron pair, it was clear that
the third subatomic particle had been
found. Figure 2 illustrates these three
components of the atom.

The following table summarizes these three particles, their charge and mass in
atomic mass units.

Particle                     Symbol                       Charge                   Mass 
electron                      e-                                 -1                            0.000548
proton                        p+                                +1                           1.007276 
neutron                      no                                0                             1.008665 

The fourth subatomic particle to be proposed and then discovered was the
neutrino. In 1930 Wolfgang Pauli predicted the presence of the neutrino based on the
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Figure 2. Structure of the atom. Yellow = neutrons. Red =
protons. 5



need to explain aspects of beta radiation. The name neutrino, or little neutron, was
proposed by Enrico Fermi to distinguish it from heavy neutrons. In the 1950s, using
a nuclear reactor and a 400-liter tank of water and cadmium chloride, Frederick
Reines and Clyde Cowan proved that neutrinos existed. The task was not easy because
neutrinos can pass unaffected through a trillion tons of lead. Initially it was proposed
to have no mass. Subsequently three types of neutrino were found each with a small
but different mass (see Table below). 

In the late 1930s muons were discovered in the course of studies of cosmic rays.
They were the size of electrons but 200 times heavier. Brian Greene commented: 2p8

Because there was nothing in the cosmic order, no unsolved puzzle, no
tailor-made niche, that necessitated the muon’s existence, the Nobel
Prize-winning particle physicist Isidor Isaac Rabi greeted the discovery of
the muon with a less than enthusiastic, “Who ordered that?”

The theoretical physicist, Murray Gell-Mann, hypothesized that protons and
neutrons were composed of three sub-sub particles. He termed these quarks after the
whimsical name in James Joyce’s Finnegan’s Wake. In 1968 experiments at the
Stanford Linear Accelerator showed that quarks were real. Each of the three types
came in two varieties, up and down. Protons consisted of two up-quarks and a
down-quark, while neutrons consisted of two down-quarks and one up-quark. 

Further studies showed that all these particles were present in three families. Each
family contained an electron or electron-like particle, one of three neutrinos, and two
quarks—each of increasing mass. These are summarized in the following table where
the mass is in multiples of the mass of a proton. 2p9

Families of Fundamental Particles
             Family 1                                         Family 2                                              Family 3 
Particle                   Mass                Particle                     Mass                      Particle              Mass
Electron                   .00054              Muon                        11                           Tau                     1.9
Electron-neutrino    <10-8                 Muon-neutrino         <.0003                    Tau-neutrino      <.033
Up-quark                 .0047                Charm-quark             1.6                          Top-quark          189
Down-quark            .0074                Strange-quark           .16                          Bottom-quark     5.2

The final set of fundamental particles consists of antimatter particles for each of
the above matter particles. These then are the players for understanding the
components of the particle soup involved in the Big Bang. What about the theory of
the Big Bang itself?

History of the Big Bang
In 1923, Edwin Powell Hubble discovered Cepheid variable stars in the

Andromeda galaxy. Because of their properites they act as a “standard candle” and can
provide accurate estimates of distance. This allowed Hubble to show for the first time
that galaxies existed beyond our own galaxy, the Milky Way. In 1929 he announced,
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what has come to be called Hubble’s law, that the galaxies are moving apart at a rate
that increases with their distance. In other words, the universe is expanding. This
observation was based on the fact that when galaxies are rapidly receding the light
waves are longer and redder. This remarkable finding that the universe was expanding
carried with it the implication that the universe had a finite start.

While Einstein had proposed that the size of the universe was constant, in 1922
a Russian mathematician, Alexander Friedman, argued that it was possible for the
average density and radius of the universe to change over time, a theory that Hubble
proved to be true. Einstein’s equations were extremely difficult and complex.
Friedman made a few simplifying assumptions that bypassed these equations. Now
the solution to the equations depended on just three variables: H, the rate of
expansion of the universe (Hubble’s constant); omega, the average density of matter
in the universe; and lambda, Einstein’s cosmological constant.

In 1933, Belgian priest Georges Edouard Lamaître published a paper,
“Discussion on the Evolution of the Universe.” In it he suggested the expansion that
Hubble described started by an initial explosion. He visualized a “primal atom” of
incredible density containing all of the material for the universe in a sphere 30 times
larger than the sun. This explosion sent matter off in all directions resulting in the
expansion of the galaxies. In 1946 he expanded on this theory in his Hypothesis of the
Primal Atom. In more poetic terms he wrote:

The evolution of the world can be compared to a display of fireworks
that has just ended: some few red wisps, ashes and smoke. Standing on a
well-chilled cinder, we see the slow fading of the suns, and we try to recall
the vanished brilliance of the origin of worlds. 3p51

Background Micro-Radiation
In the 1940s George Gamow, a nuclear physicist, began to put the conditions for

the early universe on a more formal and scientific footing. Like a paleontologist
exploring ancient evolution by studying fossils, he sought out the “fossils” of the
ancient universe. He proposed that Lamaître’s primal atom was an intense
concentration of pure energy. Einstein’s famous equation allowed this energy to be the
source of the matter in the universe. In 1948 his former student Ralph Alpher and a
colleague, Robert Herman, published a famous paper entitled the “Origin of
Chemical Elements.” Using Einstein’s equations they turned back the cosmic clock
to the beginning of the universe. As the radius of the universe decreased, the
temperature increased to the point that all of the particles and forces listed above were
fused. From this starting point they calculated that the Cosmic Background
Radiation (CBR) today should have a temperature of 5 degrees Kelvin. Kelvin degrees
start at absolute zero, which is equivalent to -459°F. 

At that time there was no way to measure CBR. This soon changed, almost by
accident. Arno Penzias and Robert Wilson of the Bell Telephone Labs in New Jersey
were interested in microwaves. These were very difficult to detect, but Bell Labs had
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a large horn-shaped antenna that could detect them. Bell Labs was interested in
microwaves as a possible new mode of communication. Penzias and Wilson were
attempting to determine the signal to noise ratio of microwaves. The noise part
seemed to come from every direction above the horizon and did not change with
time. They published their results in 1965 in the Astrophysical Journal, discussing it as
a problem of “excess antenna temperature.” It was quickly realized by others that this
represented the CBR that Gamow, Alpher, and Herman had proposed. The
background temperature was 2.7°K, remarkably close to what had been predicted.
This was the first proof that what Fred Hoyle had called the Big Bang was true. It is
perhaps worthy of note that purists point out the Big Bang was neither big nor a
bang. The initial singularity was vanishingly small, and since there was no air there
was no noise. However, any explosion that produces the entire universe certainly
deserves the name “Big.”

The first map of CBR was performed by NASA’s COsmic Background Explorer
Differential Microwave Radiometer (COBE DMR). The results made worldwide
front-page news on April 24, 1992. The map showed the universe when it was
300,000 years old. The pattern showed an extremely uniform background radiation,
but not totally uniform. The uncertainty principle states that the universe could not
be perfectly smooth. Variations of one part in 100,000 were found. This was
consistent with the predictions of quantum theory. The larger hot spots indicated
where gravity would overcome expansion enough to allow the manufacture of
galaxies. Had the variation been smaller the galaxies could not have formed. The
larger cool spots evolved to become voids free of stars and galaxies. COBE had found
the fossils Gamow was looking for.

George Smoot, the team leader from Lawrence Berkeley Laboratory, said, “It’s
like looking at God.” Others have commented it is more like looking at a “baby
picture” of the universe. 3p7 In his book, Wrinkles in Time, Smoot remarked, “There
is no doubt that a parallel exists between the Big Bang as an event and the Christian
notion of creation from nothing.” Stephen Hawking described the findings as “the
scientific discovery of the century, if not all time.” 

In recent years NASA’s Wilkinson Microwave Anisotropy Probe (WMAP)
launched in 2001, has provided a CBR map that was far more detailed than the
COBE DMR map (Figure 3).

The hotter regions are in red, the slightly cooler regions in blue. These actually
represent very tiny CBR variations with fluctuations on the order of a millionth of a
decree K and represent variations in the density of the cosmos during the early years
of the universe.

Current Version of the Big Bang
The current concept of the Big Bang in terms of how the various forces and

particles outlined above, came into being, is summarized in Figure 4.
The following is a description of some of the aspects of the Big Bang that have

the most relevance to religious and spiritual issues. For a much more detailed account
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Figure 3. Map of the cosmic background radiation produced by the NASA
Wilkinson Microwave Anisotropy Probe and the NASA and the WMAP
Science Team. 6

Figure 4. Diagrammatic representation of the Big Bang and the evolution
of the universe. 7



the reader is referred to the book Origins, by Neil de Grasse Tyson and Donald
Goldsmith, 1 and Parallel Worlds, by Michio Kaku. 3

One of the most critical questions is what came before the Big Bang? Did time start
or has time always existed? The most popular version is that the universe began as a
random fluctuation due to quantum instability in space that resulted in a single
bubble that was the size of the Planck length, or 10-33 centimeters. This was
hyperinflated 1050-fold by space vacuum to fill the universe and started the universe
on the path to the formation of matter based on Einstein’s equation E = mc2.

At the instant of the Big Bang, all four forces were unified into a single, coherent
“superforce.” All four forces had the same strength and were in perfect
supersymmetry. Very quickly this symmetry began to break; the common force
cracked and gave rise to the four currently known forces, with gravity being the first
to split off.

The initial inflation stage of the Big Bang occupies such a short period of time
and such a concentrated form of energy and particles, that it is difficult to conceive.
Here Einstein’s world of relativity and the micro-world of quantum mechanics are
indistinguishable. The time of what is called the period of inflation was from 10-43 to
10-35 seconds, an extraordinarily short period of time. The energy for the inflation was
produced in part by the splitting apart of the strong and weak force. The weight of
the packed energy and matter was 100 trillion trillion trillion pounds. This degree of
compactness is possible because the space filling atoms with orbiting electrons do not
exist. During this period only energy and free particles existed. This universe was tiny
(one inch in diameter) and extremely hot, 1032 °K. 

The radiation was so energetic that the wavelength for the photon was in the
cosmic ray range. The energy of the photons was sufficient for them to convert their
energy into matter and anti-matter. This provides another place where everything
could have gone wrong. When matter and anti-matter clashed, photons were
re-formed. However, for every billion anti-matter particles formed, a billion and one
matter particles were formed. Without this tiny difference all the matter of the
universe, and eventually all life, would have never formed. 1p26

Cosmic Weirdness #1: In the earliest stages of the universe, the
energy of the photons was sufficient for them to convert their energy
into matter and anti-matter. When that matter and anti-matter
clashed, photons were re-formed. For every billion anti-matter
particles formed a billion and one matter particles were formed.
Without this tiny difference all the matter of the universe, and
eventually all life, would have never formed.

The first second saw the formation of quarks, anti-quarks, leptons, electrons,
protons, neutrons, and neutrinos. The temperature dropped to 109 °K. 

The first three minutes saw the beginnings of the nuclei of the lightest and
simplest elemental nuclei for hydrogen (one proton), deuterium (one proton, one
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neutron), and helium (two protons and two neutrons). If the universe had not cooled
and expanded rapidly, all the hydrogen would have condensed into heavier nuclei.
Then no water and no life would have been possible. These nuclei still had no
electrons. At this time the universe was 330 trillion miles in diameter. 

During the first 300 thousand years the universe continued to rapidly expand and
cool, but it still was very hot. Electrons now orbited around the nuclei, forming the
first common simple elements, hydrogen and helium. The capture of the electrons by
atomic nuclei now allowed light to escape from the universe. The universe was 500
thousand trillion miles across.

After 100 million years, with continued cooling and before the formation of stars,
there was no light in the universe. Things were very dark. The universe was 10 million
trillion miles across.

After one billion years stars had formed and their light, produced by
thermonuclear fusion, brought light to the universe. They clustered to form galaxies
and clusters of galaxies. The suns that were 10 times the mass of our sun had sufficient
mass and pressure to fuse nuclei of lighter elements to form heavier elements. Some
of the most important of these for life are carbon, oxygen, sodium, and calcium.
When these stars died and exploded they dispersed these elements throughout the
universe. The universe was now 60 million trillion miles across. 

Now, 13.7 billion years later, there are billions of galaxies each with billions of
stars, many with planets. The current universe is 590 million trillion miles across.
Our solar system formed about 8 billion years ago.

Inflation and the Speed of Light
In 1979 Alan Gurth at the Stanford Linear Accelerator Center in California

proposed that in that time period from 10-43 to 10-35 seconds after the start of the Big
Bang, the universe expanded at an incredible rate by a factor of 1050. This super-rapid
expansion was consistent with a flat universe model, since it flattened matter out like
it was spread onto the surface of a huge balloon. Inserting this period of
hyperinflation solved many thorny problems in cosmology. However, one problem it
seemed to create was that this rate of expansion was considerably faster than the speed
of light. How is that possible? Nothing is supposed to travel faster than the speed of
light. Yet it can. The reason is as slippery as the famous comment, “It depends what
your definition of is, is.” Einstein’s speed limit applies only to objects moving within
space and not to the expansion of space itself.

Cosmic Weirdness #2: In the first fractions of a second of the Big
Bang, the rate of expansion of the universe considerably exceeded the
speed of light. Nothing is supposed to travel faster than the speed of
light. However, this rule of Einstein’s applies only to objects moving
within space, not to space itself. Space itself can expand faster than
the speed of light.
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The Rate of Expansion of the Universe is Accelerating
At the time that Einstein was producing his famous equations, there was no

evidence from astronomers that the universe was either expanding or contracting. To
ensure that his equations did not upset this cosmological stability, Einstein inserted a
“cosmological constant.” When Alexander Friedman proposed that the universe was
unstable and Hubble proved it was expanding, Einstein pronounced his cosmological
constant as his greatest blunder. Equations now had no need for a cosmological
constant. No need, that is, until 1998. That is when two independent groups of
astronomers published evidence that not only is the universe expanding, it is
expanding at a constantly accelerating rate. Now a cosmological constant had to be
re-inserted into the equations to ensure the universe continued to expand at an
ever-increasing rate. Einstein was right after all. 

Cosmic Weirdness #3: The universe is expanding at an
accelerating rate. It is not a balanced static universe. It is not even a
balanced exploding universe. It is an exploding, exploding universe
where the rate of expansion keeps accelerating. 

Dark Matter and Dark Energy
Of all of the incredible new knowledge of the cosmos one of the most incredible

is two things we do not understand—dark matter and dark energy? As shown in
Figure 5, the known normal matter consisting of the protons and neutrons of all the
atoms of the universe makes up only 4 percent of the total universe.

Figure 5. The proportion of dark energy and dark matter in the universe 8.
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Dark matter makes up 21 percent, and dark energy the remaining 75 percent.
Since the make-up of these dark things is a mystery, the nature of a whopping 96
percent of the universe is unknown.

In 1933, in the process of measuring the velocities of galaxies whose gravity
interacted with nearby galaxies, astronomers identified what was termed missing
matter. Several years later Fritz Zwicky, an astrophysicist at the California Institute
of Technology, was studying a cluster of galaxies known as the Coma Berenices
cluster. He found that the velocity of some of the galaxies in this cluster was
unexpectedly high. In fact the speeds were so high that the cluster of galaxies should
have flown apart billions of years ago, but they did not. The cluster did not contain
enough visible matter to prevent this from happening. Again, there had to be some
missing matter. As shown in Figure 5, dark matter constitutes 21 percent of the
mass of the universe. On average, across the universe it constitutes about six times
the amount of visible matter. This has been called dark matter because the source
of it is invisible. Dark matter and visible matter tend to occupy the same parts of
the universe as though they had some type of interdependence. In the same issue of
Science mentioned in the previous chapter in relation the quantum weirdness, the
identity of dark matter was first on the list of important questions yet to be
answered in science. 

As with other aspects of the universe, the amount of dark matter was “just right.”
If there was too little dark matter, too much of the hydrogen would have been fused
into helium. 1p72 If there was too much dark matter, the universe would be collapsing
instead of expanding. 

In the mid 1990s scientists realized that even after dark matter was included in
the calculations, the total density of matter in the universe only came to one quarter
of the critical density calculated by Einstein. After the 1998 studies, showing that the
rate of expansion of the universe was accelerating, the question was raised, What is
causing this accelerated expansion? The relevant equations constantly pointed to dark
energy. Einstein showed that energy has mass and as shown in Figure 5, dark energy
constitutes 71 percent of the total mass of the universe. Dark energy drives the
expansion of the universe. As it expands more dark energy is generated and the rate
of expansion increases still further. Dark energy arises from empty space, or to put it
in the inverse, empty space contains huge amounts of dark energy.

Cosmic Weirdness #4: Only four percent of the universe is
composed of visible matter, 21 percent is dark matter, 75 percent is
dark energy. The exact nature of 96 percent of the universe is
unknown to us.

It has been proposed that empty space in fact buzzes with “virtual particles,”
which wink into and out of existence instantaneously. Quantum physicists refer to
this as quantum fluctuations in a vacuum. When the amount of energy residing in a
cubic centimeter of space is calculated, the result boggles the imagination; it’s 10120
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times greater than the energy of supernovae explosions and the total CBR. It comes
as no surprise that there is considerable controversy over the correctness of this
conclusion. Tyson and Goldsmith said of this figure, “Some embrace it; some accept
it only reluctantly; some dance around it; and some despise it.” 1p99-102

Cosmic Weirdness #5: The amount of energy in a cubic
centimeter of free empty space has been calculated to be 10120 times
that of a supernova explosion and the total CBR.

Different values of the cosmological constant would produce many different
amounts of dark matter over dark energy. Some would be consistent with life, but
many would not. Some cosmologists have suggested our universe is part of a much
larger “multiverse” in which many different universes with different cosmological
constants exist. Since this concept is more relevant to Chapter 23, The Anthropic
Principle, it will be discussed further there.

Black Holes 
In 1915 Einstein published his theory of general relativity describing how space

and matter interact. A short time later Karl Schwarzschild, a German physicist,
showed that objects with sufficiently strong gravity would create a situation in which
nothing, including light, could escape. This was called a singularity. In 1967 these
objects were termed black holes by John Wheeler. The existence of black holes was
soon proven. There is a black hole in the center of every quasar (quasistellar radio
sources) and at the center of most giant galaxies. Astronomers estimate there are 300
million black holes in the universe. 

Origin of the Solar System and the Earth
There have been many theories of the origin of the solar system, such as

beginning as a rotating gaseous nebula that condensed in places to form the planets
(nebular hypothesis); a collision of the sun with a passing star (catastrophe
hypothesis); condensation of stellar dust; and others. Mathematical analyses have
ruled out these models. 

The currently favored model is a solar nebula cold accretionary model, with the
formation of the earth 4.6 billion years ago. Harold Urey proposed that the terrestrial
planets were formed at a relatively low temperature of 1,200°C. While this may seem
hot to us, it is cold compared to the temperature of the sun. Turbulence and eddies
in the solar nebula led to the formation of primitive planets. At this temperature the
light elements such as hydrogen and helium were driven off, while the heavier
elements were retained. The heaviest of these, such as iron and nickel, were retained
and form the molten core of the earth. The less heavy elements, such as calcium,
sodium, and potassium, formed the mantle and crust. The larger more distant planets
such as Jupiter were composed of frozen methane, water and ammonia. 
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Is the Big Bang Relevant to Theology and Human Spirituality? 
The Big Bang theory, positing the creation of the universe from nothing, has

been a boon to theists. The relevance of the Big Bang and other cosmological
weirdness to religious, theological and spiritual issues will be discussed in Chapter 24. 
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Chapter 22

String Theory: A Cosmic Symphony

It is well known that for the last 30 years of his life Albert Einstein attempted to
find a grand unified field theory that would unite the macro-world of relativity with
the micro-world of quantum theory. He failed. As mentioned in the previous chapter,
part of this failure was that he was not aware of two subatomic range forces in the
universe—the strong and the weak forces. In addition, the subatomic particle soup
was still only a half-cooked meal. 

Every advance that has been made in the field of physics and atomic physics has
come from identifying smaller and smaller units of energy and mass. For energy it was
the discovery by Planck that energy comes in quanta, defined by multiplying Planck’s
constant, 6.626 x 10-34 Joule-seconds, by frequency. For mass, it was the identification
of the subatomic particles: electrons, protons, neutrons, and neutrinos. This was
followed by the identification of quarks as subparts of protons and neutrons. It should
be no surprise then, that the next advance in cosmology has proposed something still
smaller—strings.

Strings
Instead of a small particle, superstring theory, or more simply string theory,

proposes an extraordinarily small vibrating loop like a tiny rubber band. The beauty
of a loop instead of a still smaller particle is that variations in the length and rate of
vibration of the loop can provide a basis for the formation of all of the forces and
particles listed in the previous chapter. The amount of energy in a given string is
reflected in its size and rate of oscillation. In our world the best analogy is a violin
string. Differences in length produced by our fingers, and variation in oscillation
produced by the bow, produce a rich range of sound. With string theory a single
fundamental resonant pattern of vibration forms the basis of all the fundamental
forces and particles. 1 p15 A diagrammatic representation of these strings is shown in
Figure 1. 

Since it is capable of uniting the world of relativity and the world of the quantum
and since there is no need for a still deeper explanation, string theory and its latest
incarnation, M theory, have been termed a Theory of Everything, or TOE. While the
mathematics of these theories is incredibly complex, the concept itself and its
cosmological implications are understandable to all. This understanding has been
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made possible by the popular writing of some of the scientists involved. For readers
who wish more details than the brief summary being presented here, I recommend
Brian Greene’s The Elegant Universe 1 and Fabric of the Cosmos, 2 and Michio Kaku’s
Parallel Worlds. 3 

String Theory
The problem with the standard model was that the force of gravity was not

explained by the otherwise very precise quantum theories that unified the three other
fundamental, non-gravity forces. At the submicroscopic scale of Planck’s length
(10-33cm), the normally quiet and well-behaved space-time fabric became a chaotic
sea of quantum jitters. A TOE. was needed that unified everything. 

The first beginnings of string theory go back to 1968 when Gabriele Veneziano
at CERN noted that an obscure mathematical formula proposed by Leonhard Euler,
known as the Euler beta-function, seemed to explain many aspects of strongly
interacting particles. In 1970 a group of three physicists, Yoichiro Nambu, Holger
Nielsen, and Leonard Susskind, showed that if elementary particles were modeled as
tiny vibrating strings their interactions were predicted by Euler’s beta-function.
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Figure 1. Diagram of different strings of string theory. From M. Kaku
Testing String Theory. Discover. 26:30-37, 2005. By permission.



However, at that time this theory seemed to conflict with experimental high-energy
physics relating to the strong force. 

      This apparent conflict appeared to be resolved in 1974 when John Schwarz
and Joël Scherk showed that string theory could explain both the strong force and the
force of gravity. Gravity represented the lowest vibration of the string with zero mass.
Despite this, conflicts between string theory and quantum mechanics persisted until
the 1984 landmark paper by Michael Green and John Schwarz showed that string
theory could encompass all of the four forces, including gravity, and all of the
fundamental particles. Thus, string theory is quantum theory plus gravity. This
launched a period known as the first superstring revolution. Strings were the size of
Planck’s length—a millionth of a billionth of a billionth of a billionth of a centimeter.
A persisting problem was that the mathematics was so complex that only
approximations of the theory could be solved, and these failed to answer all of the
questions involved. 

An even greater problem was that over the years a number of different string
theories had evolved based on adding new dimensions of space. There were now nine
space dimensions and one time dimension. Thus, in addition to the three dimensions
of space and the fourth dimension of time that we can directly experience, there were
six additional dimensions curled up into such tiny structures that they were not
available to our conscious perception. Five different versions of string theory evolved,
each of which seemed to work. This plethora of suitable answers is not what scientists
are used to. A much more satisfactory outcome is to fight over different possible
answers, then eventually come to a single answer all could agree on. The existence of
five suitable answers raised the disturbing possibility that perhaps none of them were
correct. String theory seemed to be on the ropes, or more literally, on the strings. 

M-Theory
The “second superstring revolution” was launched by a lecture by Edward Witten

at a 1995 superstring conference. He had discovered a hidden unity that tied all five
string theories together. Rather than being distinct, the five theories were actually five
different ways of mathematically analyzing a single grand theory. 2p379 The unified
theory had 11 dimensions, 10 for space and one for time. The new tenth space
dimension was much smaller than the others but this allowed a unification of all five
string theories. The new theory was called M-theory. Apparently, no one knows for
sure what the M stands for: Membrane? Master? Majestic? Mother? Magic? Mystery?
Matrix?—or all of the above.

The beauty of string theory is that the different properties of all 19 of the
fundamental particles, their mass and force charges, are determined by the precise
resonant pattern of vibration of different size strings. The greater the amplitude and
the shorter the wavelength, the greater the energy of the string. Since Einstein showed
the equivalence of energy and mass, the greater the energy, the greater the mass. Thus,
heavy particles are composed of strings that vibrate more energetically. The different
forces are determined by the manner in which the strings vibrate. All strings are the
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same and they represent the ultimate fundamental stuff of the universe. Current
theory suggests everything is composed of vibrating strings and there is nothing below
a string. The string truly provides us with a cosmic symphony. 1p146

String theory and M-theory propose that the ultimate building
blocks of the universe consist of tiny (10-33 centimeter) vibrating
strings. Different lengths and vibration frequencies of these strings
produce all four fundamental forces and all 19 fundamental particles.
Since the force of gravity was now included in a unified theory,
M-theory has been called the theory of everything, or T.O.E.

Multiple Universes—Darwinian Selection of Universes
One of the thorny problems with the inflation part of the Big Bang was, “What

put the brakes on the process?” “What stopped the inflation at just the right time?”
This had to have occurred just when it did or the current universe could not have
formed. The physicist Andrei Linde proposed a novel solution. He suggested that the
brakes were applied randomly but that the quantum bubble in vacuum space that
gave rise to our universe actually occurred millions of times, each with a different
braking time. When omega was too large, the new universe immediately
self-destructed. When omega was too small, the inflation went on indefinitely. By a
form of Darwinian selection of universes, when everything was just right and the
timing was perfect, it gave rise to the universe as we know it. In this model Big Bangs
are happening all the time and new universes are budding or sprouting off to form a
giant “multiverse.” As shown in the next chapter, this concept of multiple universes
also provides a possible answer to the anthropic principle.

Branes, Parallel Universes, and Cyclic Cosmology
Quantum theory states that there is a finite possibility that the seemingly

impossible can happen. Thus, if one universe can be produced by a quantum
instability in the vacuum of space, it is extremely probable that this will happen more
than once, perhaps millions or billions of times, giving rise to many parallel universes.
This concept has now been taken as a given by most cosmologists. 

This concept is also consistent with M-theory which predicts multi-dimensional
objects called membranes, or branes for short. This is such an integral part of M-theory
that most physicists assume M-theory was so named for membranes it predicted.
These branes can have three or more, but 10 or fewer spatial dimensions. This led to
the possibility that our flat universe was a giant brane, and that the parallel universes
are parallel three-dimensional branes. 

As an extension of this, Paul Steinhardt and Neil Turok of Cambridge University
proposed that we are living in the three-dimensional brane that collides every few
trillion years with a parallel brane and that this collision is the cause of the Big Bang.
This collision produces two new parallel branes that undergo accelerated expansion
until they are largely depleted of matter. Then a new collision repeats the process
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resulting in a cyclic cosmology. 2 They referred to this as an ekpyrotic model of the
cosmos. Ekpyrosis is Greek for conflagration.

A Universe from Nothing
The formation of our universe from so little and the notion of a multiverse with

budding universes might seem to violate the laws of the conservation of matter and
energy. However, as pointed out by Kaku, 3p94

The total matter/energy content of a universe may actually be very
small. The matter content of the universe, including all the stars, planets,
and galaxies, is huge and positive. However, the energy stored within
gravity may be negative. If you add the positive energy due to matter to
the negative energy due to gravity, the sum may be close to zero! In some
sense, such universes are free. They can spring out of the vacuum almost
effortlessly.

In fact, to create a universe like ours may require a ridiculously small
net amount of matter, perhaps as little as an ounce.

When the galaxies are compared, their total spin cancels out to zero and the
positive and negative charges in the universe cancel out to 1 part in 1021.3p95 Thus, in
addition to matter and energy, other aspects of our universe also tend to cancel each
other out.

The total amount of matter + energy in the universe may be
almost zero when the negative mass of the energy stored within
gravity is summed with the positive mass of the universe. In this sense
universes can spring out of the vacuum almost effortlessly.

Implications of String Theory for Theology and Spirituality
As with the Big Bang, there are some profound implications of string theory and

multiple universes for theology and the existence of God. These theological
implications will be discussed in the final chapter of Part III on cosmology.

The universe was formed from a tiny bubble randomly produced
out of the quantum jitters of empty space. The space vacuum
produced the hyperinflation initiating the Big Bang. If this could
occur once, it could occur many times, suggesting there may be
billions or trillions of parallel universes. 
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Chapter 23

The Anthropic Principle

The Anthropic Principle states that the laws of nature are arranged so that life and
consciousness are possible. Brandon Carter 1 first proposed this in 1973 during a
symposium on Confrontation of Cosmological Theories with Observational Data. The
symposium was celebrating the 500th birthday of Copernicus. The Copernican
Principle claimed the opposite, that man does not occupy a privileged position in the
universe. Carter’s paper was entitled, “Large number of Coincidences and the
Anthropic Principle in Cosmology.” He stated that, “Although our situation is not
necessarily central, it is inevitably privileged to some extent.” The “large number of
coincidences” refers to the extraordinary degree of fine-tuning of many of the
constants of the universe so they are “just right” for the universe and life to develop
— the so-called “Goldilocks” effect. This aspect of the Anthropic Principle has been
widely used by Intelligent Designers and theologians in general to “prove that God
exists.”

In their extensive opus on the subject entitled The Anthropic Cosmological
Principle, John Barrow and Frank Tipler 2 defined four flavors of the Anthropic
Principle.

1. Weak Anthropic Principle (WAP). 
The WAP is defined as: 2p16

The observed values of all physical and cosmological quantities are
not equally probable but they take on values restricted by the requirement
that there exist sites where carbon-based life can evolve and by the
requirement that the Universe be old enough for it to have already done
so.

A simpler, easier-to-understand, and more-modern version is: 

Among all possible multiple universes there is at least one that allows
the evolution of intelligent life.
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2. Strong Anthropic Principle (SAP)
The SAP is defined as: 2 p21

The universe must have those properties which allow life to develop
within it at some stage in its history.

Or:

The elementary particles and fundamental forces are uniquely those
that allow the evolution of intelligent life.

The SAP is considered a strong version because it carries the implication that the
constants and laws of nature must be such that life can exist. The SAP leads to a
number of additional implications:

A. There exists one possible universe “designed” with the goal of
generating and sustaining “observers.”

This is the teleological form of the Anthropic Principle and suggests “design” in
its most unambiguous form. It is naturally favored by theologians but some
astronomers such as Fred Hoyle ascribe to it as well. Hoyle stated: 3

I do not believe that any scientist who examined the evidence would
fail to draw the inference that the laws of nuclear physics have been
deliberately designed.

B. An ensemble of other different universes is necessary for the
existence of our Universe.

This B version receives support from the many-worlds interpretation of quantum
mechanics. The third flavor of the Anthropic Principle was proposed by the physicist
John Wheeler. 4,5

3. Participatory Anthropic Principle (PAP)
The PAP states: 

Observers are necessary to bring the Universe into being.

PAP is a massive extension of one of the aspects of the Copenhagen
Interpretation of quantum theory that an observer collapses the wave function of a
particle or object and brings it into reality. This suggests a feedback loop between
man, the observer, and the universe, and proposes the production of reality by
observing works backward to the beginning of the universe. 
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4. Final Anthropic Principle.
This states that: 

Intelligent information processing must come into existence in the
Universe, and, once it comes into existence, it will never die out.

What are the Constants that Must be Exactly as They are for Life to Exist?
There are many sources for the list of physical and cosmological constants that

had to be just right for life to have occurred in our universe and in our solar system.
I will start with those listed by Sir Martin Rees, the Astronomer Royal at Cambridge
University in England. In his book Just Six Numbers, 6 he describes six numbers that
seem especially significant.

N measures the ratio of the strength of the electrical forces that hold atoms together,
divided by the force of gravity between them. Because the force of gravity is so small the
number is huge—1,000,000,000,000,000,000,000,000,000,000,000,000, or
1x1036. The very high value is a reflection of the weakness of the force of gravity. If
the force of gravity was weaker, the stars would not have formed and the universe
would be dark and lifeless. If gravity was stronger, the stars would heat up too fast and
burn up too quickly for life to form. 

ε (epsilon) is a measure of the strong nuclear force that defines how strongly atomic
nuclei bind together. It has a value of .007. This means that hydrogen converts .007
of its mass into energy when it fuses into helium. Epsilon also controls the fusion of
hydrogen atoms into heaver elements, including carbon and oxygen. If it were .006,
protons and neutrons would not bind together. Our entire universe would have
dissolved into hydrogen with no neutrons. If epsilon were .008, the fusion would
have been so rapid that no hydrogen would have survived the Big Bang and the stars
would burn their nuclear fuel too quickly for life to evolve.

Ω (omega) is the cosmic density factor and measures the amount of matter in the
universe, including all the galaxies, diffuse gas, and dark matter. It is a ratio of the
importance of gravity pulling the universe together, and the expansion energy pushing the
universe apart. The current assessed value of omega is 0.3. For it to currently be
anywhere between .1 and 10, the value of omega had to be accurate to an exact value
of 1.00000000000000, one second after the Big Bang. If too small then the universe
would have expanded and cooled too fast. If too large, the universe would have
collapsed before life could start. Rees states,

At one second after the big bang, omega cannot have differed from
unity by more than one part in a million billion (1015) in order that the
universe should now, after 10 billion years, be still expanding and with a
value of omega that has certainly not departed wildly from unity. 6
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Stephen Hawking weighed in as follows:

If the rate of expansion one second after the big bang had been smaller
by even one part in a hundred thousand million, [the universe] would
have collapsed before it reached its present size.…The odds against a
universe like ours emerging out of something like the big bang are
enormous. I think there are clearly religious implications. 17

λ (lambda) is the cosmological constant which determines the rate of expansion of
the universe. If much larger, antigravity forces would be created and blow the universe
apart. If much smaller, the universe would have re-contracted into a singularity, giving
too little time for life to develop. Alan Gurth 7 suggested that to prevent these
problems λ had to be just right to one part in 1055 parts. This is probably an
exaggeration. His paper was written in 1981 when the cosmological constant was
thought to be zero, consistent with a universe that was expanding at a constant rate.
Recent studies have shown that lambda is slightly greater than zero, yet here we are.

Q is the ratio of two fundamental energies and has a value of 1/100,000 or 10-5. If
it were smaller, the universe would be inert, smooth, and structureless, and the stars
and galaxies would not have formed. If it were larger, the universe would be violent
and dominated by black holes. 

D is the number of spatial dimensions in the world. This refers to macro
dimensions rather than the ultra tiny fourth to tenth spatial dimensions of string
theory. Rees referred to these as the three dimensions of our visual experience. One
or two dimensions would obviously not have worked. We would live in the world of
Flatland. Four dimensions and the planetary and atomic orbits would be unstable.

Rees picked these constants because they are fundamentally independent in that
one cannot be computed from any of the others. The following are two additional
important examples from the literature.

Ratio of protons to anti-protons. This was mentioned previously but will be
repeated here. Immediately after the Big Bang the energy of photons was converted
to protons and anti-protons. When these interact they destroy each other with the
release of energy. The current universe formed because the ratio of protons to
anti-protons was 1,000,000,001/1,000,000,000. Without this tiny difference, all the
matter of the universe would have never formed. 8p26

α (alpha) or the fine structure constant = e2/2eohc. It quantifies the relativistic (c)
and quantum (h) qualities of electromagnetic (e) interactions involving charged
particles in empty space (eo). It is equal to 1/137.035599976, or approximately
1/137. This value accounts for why 137 has legendary status among physicists. There
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is some evidence that this value has changed slightly over the time of the universe, but
if it had a significantly different value, matter and energy would interact in bizarre
ways such that the distinction between the two could melt away. 9

A More-Complete List of Anthropic Constants
Hugh Ross has published a longer list of anthropic constants 10p121 Those that are

relevant for the whole universe are listed in Table 1 along with the consequences of
higher or lower numbers. There is some overlap with the constants already discussed.

Table 1. Additional Anthropic Constants.
Constant                                    Consequence of larger#                   Consequence of smaller#
Gravitational force                        Stars burn too fast                               No heavy elements
Strong nuclear force                     No hydrogen                                      Only hydrogen
Weak nuclear force                       Too many heavy elements                   Too few heavy elements            
Electromagnetic force                   No sharing of electron orbits              Electrons fly off elements
Age of universe                             No life possible                                   No earth-type suns
Expansion rate of universe            Universe would not form                   Universe would collapse
Mass of universe                           No galaxy formation                           No heavy elements   
Ratio electron/proton mass           Elements would not form                   Elements would not form
Ratio EM force/gravity                 Short life span of stars                        No heavy elements
Ratio protons/anti-protons           No mass in the universe                      No mass in the universe
Ratio protons/baryons                  No galaxies would form                      No stars would form
Ratio protons/electrons                 No galaxy formation                           No galaxy formation
Stability of the proton                  Excess radiation lethal to life               Too little matter
Uniformity of universe                 Too many black holes                         No galaxies would form
Velocity of light                            Stars too luminous                              Stars too dim
4He nuclear energy level               Too little oxygen and carbon              Too little oxygen and carbon
8Be nuclear energy level                Excess nuclear fusion                          No heavy elements
12C nuclear energy level                Incompatible with C life                     Incompatible with C life
16O nuclear energy level                To little conversion of C to O            Excess conversion of C to O
Distance between stars                  No heavy elements                              Destabilize planet orbits
Rate of star luminosity                 Excess greenhouse effect                     Excess freezing of water
Distance between galaxies             Inadequate star formation                   Disturb sun’s orbit
Mass of neutrino                          Stars would not form                          Galaxies too close

Ross 10p129 also provided a list of constants that had to be just right for life in our
solar system. These included: 

The position of the solar system in our galaxy, the Milky Way. Our solar system is
currently two-thirds of the way from the center of the galaxy, where a black hole lurks.
If the solar system were too close to this black hole, the radiation it emits would be
lethal to life. If the solar system were too far from the center, there would not be
enough heavy elements, like iron, necessary for life.

The size of the earth. If it were smaller its gravity would have been so weak that
the oxygen would not stay in the atmosphere. If it were larger many of the toxic
primordial gases would have been retained. While it is likely that life could still have
evolved, it would be dramatically different than life as we know it. 

The size of Jupiter. The current size of Jupiter cleaned the solar system of asteroids
that would have destroyed the earth. Jupiter is our asteroid protector. If Jupiter were
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much smaller it would not have been our protector. 
Other figures include the age, color, and size of our sun; the distance of the earth

from the sun; the size of the moon, and the tilt, rotation period, force of gravity,
magnetic field, thickness of the crust, oxygen-to-nitrogen ratio, level of carbon
dioxide, oxygen, and ozone level of the earth. Even these represent a partial list, but
they clearly make the point that many constants of the universe, our galaxy, and our
solar system had to be just right for life to occur. There are several interpretations of
the Anthropic Principle. 

• It is proof of the existence of God since only a divine presence could fine tune
the universe with such accuracy.

• It is a tautological illusion.
• There are actually only a few true anthropic constants.
• It was a lucky accident.
• There are millions of universes and it was inevitable that in at least one the

conditions would be suitable for life. If it were not, we would not be here to ask
the question of “why?”

These are all discussed in the next chapter. For now, what do different scientists
think of the Anthropic Principle?

Comments by Various Scientists
The Anthropic Principle elicits strong opinions from different people. Theists

love it because it suggests intelligent design and thus “proves” that God exists. This
position has been strongly voiced by Hugh Ross, a Christian astronomer who, while
he believes in evolution and an old earth, 12 still believes in the literal truth of the
Bible. He has written two books on the Anthropic Principle: The Fingerprint of God 10

and The Creator and the Cosmos. 11 The subtitles of these books, Recent Scientific
Discoveries Reveal the Unmistakable Identity of the Creator and How the Latest Scientific
Discoveries Reveal God, clearly indicate his view that the Anthropic Principle proves
the existence of God.

In the book called A Case Against Accident and Self-Organization, Dean Overman,
a lawyer and writer of a range of other books, proposes that the Anthropic Principle
and other observations in nature argue against the proposition that the universe and
the life in it could have developed from chance events. While he does not specifically
mention God, this is an Intelligent Design-type of argument. It is clear that the
Intelligent Design movement is meant to include cosmology as well as evolution.
Other books that propose that the Anthropic Principle proves God exists include
those by Nathan Aviezer, 13 Fred Heeren, 14 Patrick Glynn, 15 and others. John
Polkinghorne, a particle physicist-turned-clergyman, can gave both a scientist’s and a
theist’s opinion. He stated: 16

The Weak Anthropic Principle amounts to little more than tautology.

258

Chapter 23. The Anthropic Principle



“We’re here and so things are the way that makes that possible.” It fails
adequately to encapsulate the remarkable degree of “fine-tuning” involved
in spelling out the conditions that have permitted our evolution. Only a
tiny fraction of conceivable universes could have been the homes of
conscious beings.

He fundamentally believes that the world is fine-tuned because it is the creation
of a Creator who wills that it be so.

Some physicists hate the Anthropic Principle because it suggests Intelligent
Design and has been used to “prove” that God exists. Other physicists have suggested
that we may have to accept the fact that the existence of life was built into the laws
of physics from the beginning. Isaac Newton believed that the elegance of the laws he
formulated pointed to the existence of God. Vera Kristiakowsky, an MIT physicist
says, “The exquisite order displayed by our scientific understanding of the physical
world calls for the divine.” Physicist Freemon Dyson said “It’s as if the universe knew
we were coming.” Stephen Hawking 17 said,

It would be very difficult to explain why the universe should have
begun in just this way, except as the act of a God who intended to create
beings like us.

By contrast, Steven Weinberg was not convinced the anthropic principle meant
anything. He stated:

It is almost irresistible for humans to believe that we have some special
relation to the universe, that human life is not just a more-or-less farcical
outcome of a chain of accidents reaching back to the first three minutes,
but that we were somehow built in from the beginning. 

He concluded that the strong Anthropic Principle was “little more than mystical
mumbo jumbo.”

Strong Selective Effect
Whichever view is correct, it is clear that a strong selection effect is built into the

Anthropic Principle. Thus, since humans represent “life and consciousness,” the
Anthropic Principle would not exist if the constants of the universe did not allow us
to exist. Or, to put it differently, there is no Anthropic Principle in universes that have
no life capable of thought and consciousness. If there were a trillion parallel universes
it would be a virtual certainty that one of them would have the “just right” set of
constants. The anthropic principle would be easily explained on that basis. 

Is Life in the Universe Rare? 
In their book, Rare Planet, Peter Ward and Donald Brownlee 18 expand even
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further the list of constants and conditions that had to be “just right” and in the
Goldilocks zone for life to occur. On this basis they argue life is probably very rare in
the universe. By contrast, as noted previously, based on the fact that life on earth
evolved in such a short period of time and that there are probably billions of planets
in the universe, De Duve came to the opposite conclusion and proposed that life has
occurred in many worlds. 

Religious and Spiritual Implications of the Anthropic Principle
      Before it can be concluded that the Anthropic Principle has major

implications concerning the existence of God and other spiritual matters, it is
necessary to examine whether the whole concept is valid or simply a tautology. Only
then can the religious and spiritual implications be discussed. Both of these issues are
examined in the next chapter.

The Anthropic Principle states that the laws of nature are
arranged so that life and consciousness are possible. This has been
proposed because there are a number of cosmological constants that
had to be “just right” for life to occur. Many individuals, including
some scientists, have suggested that the Anthropic Principle proves
that God exists, since only a divine presence could fine-tune the
universe with such accuracy. Other interpretations that do not require
a divine presence are discussed in the next chapter. 
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Chapter 24

Cosmology, Theology, and Spirituality

There is enough material relevant to theological, religious, and spiritual issues in
the previous four chapters to fill a library of books. In fact, just in recent years over
260 books have been written on the implications of modern cosmology and physics
to theology, spirituality, and the existence of God. I will attempt to keep this chapter
focused on the issue of whether some aspects of cosmology prove that God exists and
whether our rational and spiritual brains can come to a mutually satisfying
accommodation about these issues.

For many readers, the overriding approach to this material may be one of “Don’t
confuse me with facts; I have already made up my mind about God.” Thus, based on
their upbringing and other factors in their lives, most readers will approach these
issues already knowing whether they are theists, deists, agnostics, or atheists — and
interpret the material based on these beliefs. This is fine. This chapter is written to
those who will approach this material with the view that they might be willing to
change or expand their mind in one direction or the other. If some readers find a
reason to reevaluate and broaden their prior spiritual views, that is fine also. If some
readers chose not to change their spiritual views, that is also fine. They may at least
enjoy the debate. I will discuss the issues in the order of the previous four chapters.

1. Quantum Physics

Does the Uncertainty Principle Mean We Have Free Will? 
Following the publication of Newton’s opus, Philosophiae Naturalis Principia

Mathematica [Mathematical Principles of Natural Philosophy], better known simply as
Principia, it appeared as though the precise physical laws he described meant that
everything in the universe was predictable and the the future was predetermined.

Pierre Simon Laplace, Napoleon’s scientific advisor, claimed that using Newton’s
laws one could predict the future with the same precision that one knows the past.
When he presented a copy of his masterwork, Celestial Mechanics, to Napoleon, the
emperor was reputed to have said, “You have written this huge work on the heavens,
without once mentioning God.” Laplace replied, “Sire, I have no need of that
hypothesis.” 1p154

Einstein, who did not believe in quantum mechanics and was also a determinist,
stated:

I am a determinist, compelled to act as if free will existed, because if I
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wish to live in civilized society I must act responsible. I know
philosophically a murderer is not responsible for his crimes, but I prefer
not to take tea with him. 1

His words might have been clearer if he had said, “Even though I am a
determinist and thus believe there is no free will, I am compelled to act is if free will
existed.” He went on to say:

…each man explains in his own way the fact that the human will is
not free.…Everything is determined…by forces over which we have no
control…for the insect as well as for the star. Human beings, vegetables,
or cosmic dust, we all dance to a mysterious tune, intoned in the distance
by an invisible player. 1

The concept of determinism is common in most religions where predestination
is linked with the idea of a powerful all-knowing God who knows what will happen
to you in the future. The uncertainty principle of quantum theory has relevance to
these philosophical and theological ideas. As stated before, during the probabilistic
wave function, a subatomic particle such as an electron or a photon can exist in all
possible states at the same time. It can be in two or more places at once. However,
once an observation is made, the wave function “collapses” and the object goes into a
definite state where its position is known. On a broader philosophical scale, for those
who believe in quantum theory, like Niels Bohr, reality exists only after an
observation is made. By contrast, Einstein, who was less than enthusiastic about
quantum theory, believed in “objective reality,” where objects can exist in definite
states without human intervention. The Bohr approach reminds us of the old
philosophical thought, “Does a tree falling in the forest where there is no one to hear
it, really make a sound?” 

I always thought this type of mental mischief was silly. Of course a falling tree
makes noise whether a human, or other animal, is there to hear it or not. However,
with the advent of quantum theory and the precise predictions it makes, this has been
elevated to what could be called, “the observer problem.” If an object’s wave function
only collapses when it is observed, perhaps the “falling tree” question is not as silly as
it seems. In fact, some of the deepest thinkers in physics have struggled with this
issue. 1p165 The Nobel laureate Eugene Wigner suggested that human consciousness
determines existence. He stated:

It was not possible to formulate the laws of quantum mechanics in a
fully consistent way, without reference to the consciousness [of the
observer]…the very study of the external world led to the conclusion that
the content of the consciousness is the ultimate reality.

There was also the issue of “Wigner’s friend.” This alludes to the thought that if
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I make an observation do I need someone else to observe me to collapse my wave
function? Do I then need someone to observe that person, and on and on? This could
be extended to an all-encompassing cosmic consciousness. There is more than one
physicist who has voiced these views. Andrei Linde, one of the founders of the
concept of the inflationary universe, states:

For me as a human being, I do not know any sense in which I could
claim that the universe is here in the absence of observers.…A recording
device cannot play the role of an observer, because who will read what is
written on the recording device. In order for us to see that something
happens, and say to one another that something happens, you need to
have a recording device, and you need to have us.…In the absence of
observers, our universe is dead.

Others have taken a more circuitous route to resolve the philosophical questions
generated by the role of the observer in the uncertainty principle. In 1970 the
German physicist Dieter Zeh outlined an approach called decoherance. This was
formulated in relation to the famous Schrödinger’s cat problem that has often been
used to explain the uncertainty and observer principle. Here a cat is placed in a box
along with a radioactive uranium source. Since the decay of uranium is a quantum
event, it is totally random and cannot be predicted ahead of time. There is a 50
percent chance the decay will occur and a 50 percent chance it will not occur. The
box is set up so that if a decay occurs it sets off a Geiger counter, which sets off a
hammer, which breaks a vial of cyanide, which kills the cat. Before the box is opened
it is impossible to tell if the cat is alive or dead—in the quantum world the cat is both
alive and dead. Once the box is opened, the cat’s wave function collapses and it is
observed to be either alive or dead. 

Zeh pointed out that for the cat to be both alive and dead, the wave function of
the alive cat and of the dead cat had to be vibrating in exact synchrony, a state called
coherence. This, however, is almost impossible, since even the presence of a few
randomly vibrating air molecules in the box would destroy the coherence and thus
kill the cat without any observation taking place. By this approach, consciousness and
human observers are not necessary. Decoherance occurs without them and thus
reality does not need an observer. 

The problem with the decoherance explanation is that is does not answer a
question that disturbed Einstein. How does nature choose the final state of the cat?
To show how much brain power has been expended on this issue, physicist Hugh
Everett III suggested that the multiverse could come to the rescue. In this scenario, in
one parallel universe the cat is alive and in another it is dead. An advantage of this is
that the wave functions never collapse, they just keep splitting into more and more
parallel universes. A disadvantage is that we have to put up with millions of parallel
universes just to solve the cat problem.

We eventually get around to theology and religious issues because in a final
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suggested solution the observer is God. The universe exists because there is a deity to
observe it. God decides whether the cat is alive or dead. God is responsible for
collapsing the wave function of these objects that we see. Quentin Smith called this
“the best scientific argument for God that is present in twentieth-century science. 2

Wheeler 3p583 quotes the following charming and relevant limerick:

There was a young man who said God
Must find it exceedingly odd
To think that this tree
Would continue to be
When there’s no one about in the quad

Dear Sir, your astonishment’s odd
I am always about in the quad
And that’s why this tree
Continues to be
Since observed by, yours faithfully, God

My rational brain prefers a far simpler approach, that of Roger Penrose. As
discussed previously, Penrose felt that the whole issue of the ability of subatomic
particles to exist in several places at once was because the force of gravity was so weak,
it could not collapse the wave function of tiny particles. By contrast the energy
required to keep the larger objects in several places at once was so enormous, their
wave functions immediately collapsed all by themselves. The beauty of this proposal
is that the larger objects that are visible in our reality are collapsed not by an observer,
man, decoherence, or God, but by gravity. Einstein was right in his belief in
“objective reality” where objects can exist in definite states without human
intervention. The subatomic particles that are beyond our visible observation can
maintain their wave function forever until observed. In the larger reality of the real
world, the wave function of objects is collapsed by gravity. 

This discussion started with the issue of whether we have free will. Despite
Einstein’s concerns, quantum theory is correct. Determinism is not correct. The
astrophysicist Kaku 1p346 put it well: 

The quantum revolution gave us an even more bizarre picture of the
world. On one hand, the downfall of determinism meant that the puppets
were allowed to cut their strings and read their own lines. Free will was
restored, but at the price of having multiple and uncertain outcomes.

From a religious point of view, the Catholic biochemist Kenneth Miller 4

proposed that quantum indeterminacy formed the bridge between science and
religion. He suggested that the element of uncertainty was deliberately introduced by
God into the laws of his creation so that humans can be free to chose between good
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and evil and bear responsibility for their actions.
Despite this attempt to put a positive religious spin on quantum uncertainty, it

clearly has negative implications for the common religious concept of
pre-determinism. The uncertainty principle not only shows we have free will, it also
shows we cannot predict the future and the future is not pre-ordained. Since God
would not disobey his own laws, God also cannot predict or preordain the future. The
preordaining aspect of the world’s religions is relegated to our spiritual brains. Our
rational brains realize it is not possible.

The advent of quantum theory and the Heisenberg Uncertainty
Principle put an end to the philosophy of determinism. Free will was
restored to humans but at the price of having multiple and uncertain
outcomes. Because of this uncertainty we cannot predict our future.
Since God would not disobey his own laws, God also cannot predict
or preordain the future.

Does Quantum Physics and Entanglement Support the Eastern Religious View
of a Cosmic Consciousness Where All Parts of the Universe are Interconnected?

In his book, The Tao of Physics, Fritjof Capra 5 suggests there are parallels between
quantum physics and Eastern mystic religions. Capra was trained in theoretical
physics and became interested in Eastern mysticism. He confessed that overcoming
the gap between his rational, analytical thinking and the meditative experience of
mystical truth was very difficult. In a fashion somewhat similar to the theme of this
book, Capra distinguishes between the rational brain and rational thought versus the
mystical, spiritual, or intuitive brain and mystical thought.

Rational knowledge is derived from the experience we have with
objects and events in our everyday environment. It belongs to the realm of
the intellect whose function it is to discriminate, divide, compare,
measure, and categorize. In this way a world of intellectual distinctions is
created. The realm of rational knowledge is, of course, the realm of science
which measures and quantifies, classifies and analyzes.

This contrasts with what Buddhists call “absolute knowledge,” a direct experience
of reality which transcends not only intellectual thinking but also sensory perception.
Eastern mystics insist that the ultimate reality can never be an object of reasoning or
of demonstrable knowledge; it can never be adequately described by words, because
it lies beyond the realm of the senses and of the intellect from which our words and
concepts are derived. This is the basis of much of the meditative aspects of Eastern
religions, where the basic aim is to silence the thinking mind and to shift the
awareness from the rational to the intuitive mode of consciousness. When the rational
mind is silenced, the intuitive mode produces an extraordinary awareness; the
environment is experienced in a direct way without the filter of conceptual thinking.
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This is the realm of the spiritual brain. Taoism is an ancient Chinese practice or
tradition whose chief tenet is that there is a “Way” by which the universe flows, and
that humans can learn to intuit this Way and live in accord with it or fight it.

So, what aspect of physics led Capra to conclude that it had a commonality with
Eastern mystic religions? One aspect was that quantum theory and relativity theory,
the two bases of modern physics, have made it clear that their reality transcends
classical logic and we cannot talk about it in ordinary language. Capra states: 5p51

Probing inside the atom and investigating its structure, science
transcended the limits or our sensory imagination. From this point on, it
could no longer rely with absolute certainty on logic and common sense.
Atomic physics provided scientists with the first glimpses of the essential
nature of things. Like the mystics, physicists were now dealing with a
nonsensory experience of reality and, like the mystics, they had to face the
paradoxical aspects of this experience. From then on therefore, the models
and images of modern physics became akin to those of Eastern philosophy.

Thus, Capra equates the weirdness of quantum theory and relativity with the
mystic aspects of Eastern religions and as knowledge that is closer to the “absolute
knowledge” of Buddhism than to the rational knowledge of Western thought. Even
Einstein was shaken by this weirdness. He stated in his autobiography: 6

All my attempts to adapt the theoretical foundation of physics to this
knowledge failed completely. It was as if the ground had been pulled out
from under one, with no firm foundation to be seen anywhere, upon
which one could have built.

There are a number of problems with Capra’s concept of the unity of modern
physics and Eastern mysticism. Capra leans heavily on Geoffrey Chew’s 1970
“bootstrap” theory which attempted to do away with fundamental particles and
replace them with the idea that every particle can be considered to be composed of
other particles, with none more fundamental than any other. The success of the quark
model, the Standard Theory, and M-theory all brought the bootstrap theory to a
grinding halt. The demise of the bootstrap theory destroyed much of the apparent
unity of modern physics with Eastern mysticism. 

A second large part of the claim that modern physics and Eastern mysticism are
similar is based on quantum entanglement. This assumes that if particles are instantly
interconnected across the vastness of the universe, then all parts of the universe are
connected to all other parts, just as proposed in Eastern religions. The problem with
this is that information cannot be transmitted by quantum entanglement. All forms
of communication, whether it is between societies, individuals, or within the nervous
system of a single individual are based on a minimum of a one-way exchange of
information and preferably a two-way exchange. If information cannot be
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transmitted, the so-called cosmic connectedness or cosmic consciousness is a
meaningless fantasy. 

While Nobel laureate Murray Gell-Mann once jokingly stated that “physics is
very Zen” he also opined that most of the pop science books on the subject are “New
Age pap.” These attempts to transform modern physics into new age mysticism all
play on the weirdness of quantum physics and modern cosmology. When carefully
examined, their metaphysical claims do not hold up well to the reality that quantum
theory provides some of the most ultra-precise predictions available in all of science — a
far cry from the claim of Eastern mysticism that “ultimate reality can never be an object
of reasoning or of demonstrable knowledge” or “that there is no real valid physical model
of the world.”

Quantum entanglement has often been used to support the
philosophy of Eastern religions of a cosmic consciousness in which all
parts of the universe are interconnected. However, since information
cannot be passed by entanglement, and since communication is the
key to any meaningful interconnection, basing cosmic consciousness
on quantum theory is a fantasy.

Quantum Physics and Metaphysics
In his Discourse on the Method, 7 the French philosopher Rene Descartes stated, “I

think, therefore I am.” This has arguably become the most famous thought in the
history of philosophy. Descartes believed that thinking and the awareness of thinking
(consciousness) was the real essence of being. He believed that the thinking mind was
separate from the nonthinking body. This is the philosophy of dualism, or the
separation of mind and body. Monism is the opposite of dualism and proposes that
the brain part of the body is the seat of the mind. The failure of dualism and evidence
for monism was eloquently described in Antonio Damasio’s book, Descartes’ Error. 8

The entire modern field of neuroscience and cognitive science repeatedly validates the
role of the brain in cognition and thinking. 

Despite this, many recent books 9-13 continue to suggest there is some dimension
of the mind that is beyond neurochemistry and physics. This is the realm of
metaphysics which is concerned with the ultimate nature of reality. A variant of this
is vitalism or transcendentalism, the philosophy that living processes cannot be
explained in terms of their physical and chemical composition and processes. These
philosophies are related by the ideas that the “whole is greater than the sum of its
parts.” In Quantum Questions: Mystical Writings of the World’s Great Physicists, Ken
Wilber 14 noted:

Plato announced that the whole of physics was nothing more than a
“likely story,” since it depended ultimately on nothing but the evidence of
the fleeting and shadowy senses, whereas truth resides in the
transcendental forms beyond physics (hence “metaphysics”). Democritus,
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on the other hand, put his faith in the “atoms and the void,” since nothing
else, he felt, had any existence — a notion so obnoxious to Plato that he
expressed the strongest desire that all the works of Democritus be burned
on the spot.

This illustrates the truism that nothing under the sun changes. Now 2,000 years
later, many still rail against the seeming inadequacy of science to explain “all there is.”
The weirder aspects of quantum theory provide a rich lode for mining by those who
support this thought and they look to modern physics to validate their spiritual
longings. As shown below, despite their own bents for mysticism, none of the major
thinkers behind the modern physics revolution believed that relativity or quantum
physics provided any support for these mystical and transcendental ideas. 

2. The Big Bang

Do a Finite Universe and the Big Bang Prove God Exists? 
Immanuel Kant (1724–1804) is considered to be the Father of Cosmology.

Expanding on the work and ideas of Newton and other scientists of the time, he
proposed a model of a mechanistic and infinite universe. He also swept away all
earlier uses of cosmology to prove the existence of God. However, he was not an
atheist. He was an agnostic and claimed that the question of God’s existence was
beyond the reach of man’s knowledge. His views contributed greatly to materialism,
determinism, and a number of other isms, including existentialism. 15p38 If the
universe is infinite in time and space, with no starting time, no end, and no
boundaries, as Kant proposed, then God was not the creator since the universe did
not need to be created. 15p3 In his book, A Brief History of Time, Stephen Hawking
states, 

If the universe is really completely self-contained, having no boundary
or edge, it would have neither beginning nor end; it would simply be.
What place then for a creator?

The famous astronomer, Fred Hoyle, also proposed a theory in which new matter
was constantly being created, producing a universe with no beginning and no end —
an infinite universe that just was. 

By contrast to an infinite universe, if the universe is finite in time and space and
if it was created out of nothing and has boundaries, this has been considered by many
to provide proof that God exists, 15-18 since only God can create something from
nothing. One or the other of these two concepts, a finite or an infinite universe, form
the basis of most of the religions of the world. Western Christian, Jewish, and Muslim
religions believe that God created the universe from nothing, while Eastern religions
such as Buddhism and Hinduism propose a timeless universe with no beginning and
no end. They also propose many levels of existence, with the highest being Nirvana.
Nirvana is eternal and can only be attained by the purest of meditation.
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Einstein’s theory of relativity showed that Kant’s model of an infinite universe
was wrong. The Big Bang model, which is an extension of Einstein’s theory, proposes
that the universe originated from a singularity or a point of no size — nothing.
Frederick Burnham, a science-historian, said of the Big Bang,

These findings make the idea that God created the universe a more
respectable hypothesis today than at any time in the last 100 years.

With a time scale that indicates the universe is 13.7 million years old, the Big
Bang model is clearly not the view of the new earth creationists. With this exception,
the Big Bang is a wonderful theory for theists since it is totally consistent with the
view of God as the Creator. Eastern religions, by contrast, would agree with the new
earth creationists but for opposite reasons, that the Big Bang is a seriously flawed bit
of nonsense.

In his book, Parallel Worlds, Michio
Kaku, 1 whose parents were raised in the
Buddhist tradition but who attended
Sunday school and learned the parables of
the Old Testament, proposed that there is
theoretical evidence to support the existence
of multiple universes or a multiverse in
which entire universes continually sprout or
“bud” off other universes. 

If true, this would unify two of the great
religious mythologies, Genesis of the Bible
and Nirvana. Genesis would take place

continually within the fabric of timeless
Nirvana. 

Our spiritual brain could choose to resolve this conflict between the philosophy
of Eastern and Western religions either through multiverses or by suggesting that
time and space are irrelevant to God. He is so powerful that He should be perfectly
capable of creating either a finite or an infinite universe. By this view the Big Bang
would not necessarily be proof that God exists and an endless universe would not be
proof that God did not exist. Our rational brain could say that even this mental
maneuvering is not really necessary. 

While the scientific evidence for the Big Bang is overwhelming,
the weirdness of quantum mechanics, or the collision of parallel
universes, or the presence of multiverses, is sufficient to show how the
inflation started and thus to explain the creation of the universe. No
supernatural being is required.
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Worlds. 1 By permission.



Is God Required to Stabilize the Universe?
After the publication of his Principia, Newton received a letter from the Reverend

Richard Bentley. He asked Newton why gravity, which is always attractive, did not
result in the collapse of the universe into itself. If the universe was finite it should end
up as one giant fiery superstar. On the other hand, if the universe was infinite, then
the force on any object tugging it right or left would be infinite, and the stars would
be ripped to shreds. This was known as the Bentley Paradox. 1

Newton’s response to Bentley was that the universe was infinite and uniform
such that the gravitational forces were evenly balanced, producing a stable universe.
However, Newton realized the inadequacy of this response in that even the tiniest
jiggle of a star would start a chain reaction of instability. Thus, his ultimate answer
came from his spiritual brain and suggested that a divine force was needed to prevent
its collapse. Newton suggested that while God created the universe, which then obeyed
Newton’s laws of gravity, God needed to intermittently intervene to keep the universe
stable. 

Had Newton known about dark energy, his rational brain could have provided
the answer without needing God’s help. Dark energy keeps the universe expanding at
an accelerating rate, preventing its collapse. Of course it is somewhat embarrassing
that science does not yet know what dark energy is. Theologians might say dark
energy is the hand of God, designed to stabilize the universe. We currently do not
know what dark energy is, but in time we will. 

Einstein, who also did not know about dark energy, was also confronted with
Bentley’s paradox. Instead of using his spiritual brain and evoking God as Newton
had done, he used his rational brain and added an anti-gravity force to his equations
in the form of a cosmological constant. He also regretted this and called it “his greatest
blunder” when Hubble showed the universe was expanding and the cosmological
constant was not needed. After his death, when astronomers found that the universe
was expanding at an accelerated rate, the cosmological constant was needed again.
Einstein was right after all. Whether it is a cosmological constant or dark energy our
rational brain can once again say to God, “Thanks, but I really don’t need your help.”

3. String Theory

Does String Theory Eliminate the Theological Advantage of the Big Bang?
Prior to string theory the Big Bang assumed that when the equations were run

backward to the singularity point, the universe would be infinitely small, a point so
small that the universe appeared to have developed from nothing—perfect for the
religious view that God created the universe from nothing and that only God could
do this. 

String theory prevents the universe from being created from nothing. This effect
is similar to the manner in which string theory solved a paradox of Newton’s theory
of gravity. In his famous inverse square law, the force of gravity, G, increased as the
square of the decreasing distance. Thus G = 1/r2, where r is the distance between the
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bodies. The problem is that when this distance is zero, G is infinite. This problem was
solved by string theory. Now r cannot be less than the size of a string, 10-33

centimeters and G is not infinite. 
In the same vein, the universe did not arise from an infinitely small point it arose

from something no smaller than a string. String theory places a limit on what was
previously nothingness. While that limit is extremely small, 10-33 cm, it is not infinitely
small. It is not nothing. Strings are not points; they have non-zero size. One could still
ask, where did the strings come from? Did God create strings or have they always been
there? The possibility that God and strings are the same is not very satisfactory, since
ultra-minute strings do not provide for a very complex, warm, and fuzzy personal God.
Strings are the simplest things in the universe. God is the most complex.

4. The Anthropic Principle

Does the Anthropic Principle Prove that God Exists?
Not everyone believes the Anthropic Principle is proof of design, or of Intelligent

Design, or of the existence of God. There are a number of responses to the Anthropic
Principle that do not require that type of interpretation.

The Anthropic Principle is just a tautology. A major criticism of the Anthropic
Principle is that it is basically a tautology, or circular reasoning. Circular reasoning is
a statement that is true by its own definition. In relation to the universe the tautology
is that because we are here, we exist to ask the question. If we did not exist the
question could not be asked. Or stated differently, if the features of the universe were
incompatible with our existence, we would not be here to notice it. 

The existence of many universes solves the Anthropic Principle. If we ignore the
tautology and pursue the Anthropic Principle anyhow, the most common explanation
is that the quantum fluctuations of space produce or attempt to produce billions of
universes. Some have suggested up to 10500 19 or untold trillions of universes. This has
been referred to as a megaverse, a “huge landscape of possibilities—an enormously rich
space of possible designs.” 20 It is a mistake to think all of these other universes are as
fully developed as ours. If a quantum instability began the birthing of a universe, but
the constants were not right, it would never reach more than sub-microscopic
proportions before it became extinct. Those latent universes that do not have the
correct set of constants do not thrive. Those that do not have the right set of constants
for life to exist do not have conscious beings capable of asking these questions. To
Rees 21p247 the Anthropic Principle was one of the most compelling arguments for the
multiverse. He commented,

If the “constants” took different values in each universe, there would
then be no need for surprise that some universes allowed creatures like us
to exist. And we obviously find ourselves in one such subset. If you go to
a clothes shop with a large stock of clothes, it isn’t surprising to find a suit
that fits you.
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In their book Origins, Tyson and Goldsmith 22p99-104 argued that instead of
providing evidence for God, the multi-universe proposal, which is an incredibly
wasteful approach, clearly does not fit the concept of a perfect and efficient God.

Copernican Principle. The Copernican Principle is the opposite of the Anthropic
Principle and states that humans do not occupy a privileged place in the universe.
Successive astronomical discoveries seem to support this principle. In the Middle Ages
it was assumed that God created man in his image, and as such, man and the earth
were at the center of the universe. Copernicus and Galileo abolished the illusion that
the earth was the center of the solar system and put the sun in its rightful heliocentric
place. It was then found that the sun was not at the center of our galaxy, and Hubble
showed that our own galaxy, the Milky Way, was not at the center of the universe.
Finally, the multiverse concept suggests our universe may be just one of many
constantly sprouting new universes, further diminishing the Anthropic Principle
conclusion that the universe is here just for us. The Anthropic Principle emphasizes
the rarity of life and consciousness while the Copernican Principle forces us to realize
it was not all done just so we could exist. 

There may be only a few or no true anthropic numbers. Carr and Rees 23 argued that
although there appear to be a myriad number of so called anthropic coincidences or
constants, only four are especially critical. These were me (mass of the electron), mu
(mass of the up-quark), md (mass of the down-quark), and g, the Grand Unified
coupling constant that determines the strength of the strong, electromagnetic, and
weak forces. Taking this line of reasoning a step further, Kane and colleagues 24

proposed that:

In string theories all of the parameters of the theory—in particular all
quark and lepton masses, and all coupling strength—are calculable, so
there are no parameters left to allow anthropic arguments… 

Despite his sympathy for the concept of a God, Stephen Hawking’s 25 latest
studies also weigh in heavily against the Anthropic Principle. He proposed that our
universe is much less “special” than the proponents of the Anthropic Principle claim
it is. According to Hawking, there is a 98 percent chance that a universe of a type as ours
will come from the Big Bang. Further, using the basic wave function of the universe as
a basis, Hawking’s equations indicate that such a universe can come into existence
without relation to anything prior to it, meaning that it could come out of nothing. 

The Anthropic Principle is a straw man, weakened by the fact that
it is basically a tautology. It can be eliminated altogether by multiple
universes, quantum mechanics and M-theory. The Anthropic
Principle cannot be relied upon to prove that God exists. 

The Participatory Anthropic Principle, Human Consciousness, and the
Universe

In their opus on the Anthropic Principle, John Barrow and Frank Tipler 26 refer
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to Wheeler’s feedback loop connection between mankind and the universe as PAP, or
the Participatory Anthropic Principle. This has been taken to the extreme of assuming
that the process of creating reality by human observation is retroactive to the
beginning of the universe. John Wheeler stated: 27p18

The Universe starts small at the Big Bang, grows in size, gives rise to
life and observers and observing equipment. The observing equipment, in
turn, through the elementary quantum processes that terminate on it,
takes part in giving tangible “reality” to events that occurred long before
there was any life anywhere.

This proposes that the universe creates man, but man through his observations of
the universe brings the universe into reality. Martin Gardner 28 seems to have placed
the anthropic principle in some perspective:

What should one make of this quartet of WAP, SAP, PAP and FAP?
In my not so humble opinion I think the last principle is best called
CRAP, the Completely Ridiculous Anthropic Principle. 

Wheeler himself recognized how bizarre the concept of PAP was. In the
discussion of his article entitled “The Universe as Home for Man,” 3p261 he states: 3p580

At first even the words sound absolutely ridiculous. After all, we know
that the scale of man’s existence is extraordinarily short compared with the
whole time scale of the universe. So it is preposterous to think that life and
mind in these few hundreds of thousands of years of self-conscious
existence will have any control or influence over the development of the
universe in the ten billions of years past and in the several tens of billions
of years to come.

And yet later, when the discussion turned to the concept of a Darwinian
evolution of multiple universes, he stated: 

The universe allows mutation and Darwinian natural selection to
proceed; this Darwinian evolution leads to consciousness, and
consciousness of consciousness; mind at this level gives meaning to the
universe, and without mind at this level and “participation”… embodied
in the quantum principle, the universe…could not have come into being
in the first place. 3

In essence, Wheeler tends to vacillate between two concepts. Few could argue
about one while the other fits his own description of “sounding absolutely
ridiculous.” The ridiculous concept is: “The universe just would not exist if it were
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not for consciousness to be aware of it.” The similar, but drastically more acceptable
concept, is: “The universe gives birth to consciousness; and consciousness gives
meaning to the universe.” The latter has an important kernel of wisdom—there is
meaning to life that can be independently and naturally derived from human
consciousness alone without requiring a divine power to provide that meaning. 

There are two interpretations of the Participatory Anthropic
Principle. One is ludicrous; the other is self-evident. One says, “The
universe just would not exist if it were not for a human consciousness
to be aware of it, and this effect is retroactive to the time of the Big
Bang.” This is the ludicrous one. The other says, “The universe gives
birth to consciousness and consciousness gives meaning to the
universe.” This is the reasonable one and it has relevance to the issue
of a meaning to life that can be independently and naturally derived
from human consciousness alone, without requiring a divine power.

Science and Mysticism
In Quantum Questions, Ken Wilbur 14 notes that modern physics has been used

to both support and refute determinism, free-will, God, Spirit, immortality, causality,
predestination, Buddhism, Hinduism, Christianity, and Taoism. To help us lesser
beings understand these issues, Wilbur collected the relevant opinions and writings
from the cream of the creative thinkers in modern physics: Heisenberg, Schrödinger,
Einstein, De Broglie, Jeans, Planck, Pauli, and Eddingtion.

The last thing these theorists would want you to surrender is your
critical intellect, your hard-earned skepticism. For it was exactly through a
sustained use — not of emotion, not of intuition, not of faith — but a
sustained use of the critical intellect that these greatest of physicists felt
absolutely compelled to go beyond [the old] physics altogether.

All of these great scientists had a mystical bent and “were mystics of one sort or
another.” And yet to a man they were unanimous in their agreement that modern physics
offers no positive support whatsoever for mysticism or transcendentalism of any variety. Thus,
none of these great geniuses would support the seemingly infinite varieties of new age
“pap” that have sprung up based on the findings of the “new physics.” 

The New Physics and Reality. Despite this strong conclusion, we still need to ask
why each of these scientists felt a kinship to some form of mysticism based on their
creation of the new physics. Part of the answer was that these physicists felt they were
looking at nothing but a set of highly abstract differential equations — not at reality
itself. They were looking at shadow symbols of reality. Sir James Jeans put it this
way: 29 

We can never understand what events are, but must limit ourselves to
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describing the patterns of events in mathematical terms; no other aim is
possible. Physicists who are trying to understand nature may work in
many different fields and by many different methods; one may dig, one
may sow, one may reap. But the final harvest will always be a sheaf of
mathematical formulae. These will never describe nature itself… our
studies can never put us into contact with reality.

From this view science was at the opposite extreme of mysticism. Science deals
with abstract symbols of reality, while mysticism deals with a direct, intuitive, faith
based approach to reality itself. Thus, the claim that there are direct and central
similarities between new physics and mysticism “represents a profound confusion of
absolute and relative truth, of finite and infinite, of temporal and eternal.” That is
what repelled these physicists and led them to state that modern physics offers no
support for mysticism. 

This leads to the interesting question of what was the difference between the old
physics and the new physics? The difference was profound. Both the old physics and
the new physics dealt with shadow symbols, but the new physics forced them to be
aware that they were dealing with shadows and illusions, not reality. With the new
physics the shadowy character of the whole enterprise became much more obvious. It
was this feeling that science was not yet in contact with reality that led the physicist
to be sympathetic to mysticism in one form or another. It was the failure of the new
physics to provide a total picture of reality, not similarities to mysticism, that led so
many of the physicists to a mystical view of the world. 

The alternate view of Murray Gell-Mann, who once characterized new age
attempts to mysticize quantum physics as “flapdoodle,” 30 stated that quantum theory
provides some of the most ultra precise predictions available in all of science — a far
cry from the claim of Eastern mysticism that ultimate reality can never be an object
of reasoning or of demonstrable knowledge or that there is no real valid physical
model of the world.

Gell-Mann was saying that simply because quantum mechanics is based on
probabilities it does not make it less accurate. The new physics provides some of the
most accurate predictions of reality ever conceived by man. If metaphysics is the
search for the ultimate nature of reality, one could easily argue that based on the
precision with which quantum theory predicts events in the micro-world and
relativity theory predicts events in the macro-world—the ultimate reality has been
found.

The philosophical and mystical views of the cream of the creative
thinkers in modern physics show that most were unanimous in their
agreement that modern physics offers no positive support for
mysticism or transcendentalism of any variety. Despite this many had
a mystical bent based on their feeling that the equations of physics
may not represent the totality of reality. This illustrates the basic
premise of this book — that humans with highly developed rational
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brains can also have a well-developed sense of spirituality. However,
other physicists disagree and correctly point out that the new physics
provides an incredibly accurate prediction of reality, a picture that is
far closer to the absolute truth than metaphysics could ever provide. 

In conclusion, there is nothing in quantum mechanics, the theory
of relativity, string theory, or the Anthropic Principle that provides
proof of the existence of God, mysticism or transcendentalism. To the
contrary, one could argue that quantum theory and string theory
show us that the universe is capable of being created, if not from
nothing, at least from almost nothing, without the need of divine
intervention. These two theories certainly allow us to again use
Occam’s Razor to resolve the question: “Was the universe created as a
consequence of features of quantum physics and M-theory, or was it
created by God?” If the answer is that the universe was created by
God, this again raises the infinitely more complex question of Who
Created God? I suspect Occam would have chosen quantum physics
as the creator of the universe.

There are, however, elements of the new physics that led many of the physics
geniuses of the early twentieth century to feel that despite the incredible predictive
power of quantum theory, they still only had a part of the total reality. Although
some physicists disagree with this view, it is still clear that the spiritual brains of many
scientists thirsted for more. This interaction between the rational versus the spiritual
brain of these scientists is a reflection of the same conflict in everyone and is the core
of the issues explored in the rest of this book.
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