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There are several hints in physics of a domain of external reality transcendent to 

three-dimensional space and time. This paper calls attention to several of these 

intimations of a real world beyond the natural order. Examples are the complex 

state functions in configuration space of quantum mechanics, the singularity at 

the birth of the universe, the anthropic principle, the role of chance in evolution, 

and the unaccountable fruitfulness of mathematics for physics. None of these 

examples touch on the existence or activity of God, but they do suggest that 

external reality may be much richer than the natural world which it is the task of 

physics to describe. 

 

At the beginning of this century, there were no hints within physics that it was 

going to be led beyond three-dimensional space and time in its quest for 

understanding the structure and behavior of the natural order.  It seemed possible 

that physics, and science in general, would prove competent to explain any object, 

event, or structure in the natural world in terms of laws or components wholly 

within space and time.  As the century has progressed, however, more and more 

rumors of a reality transcendent to space, time, and nature have emerged. 

 

This task and the title of this article were suggested to me by Peter Berger's 

delightful little book published in 1970 which explores intimations of 

transcendence in the social sciences
1
.  It excited a train of thought causing me to 

wonder whether there were similar examples pointing to the reality of a domain 

transcendent to three-dimensional space and time in physics.  He and I are now 

serving on the Advisory Board of the Center for Theological Inquiry at Princeton.  

If he could point to five phenomena in social science which had such implications 

perhaps I could find five others in physical or biological science with similar 

import.  This article is the result of this line of thought. 

 

In the last century, Ludwig Boltzmann shook up the community of physics of his 

day by joining the mathematics of games of chance developed for the casino to 

physical systems in nature.  This he did by equating the thermodynamic measure 

of the entropy of a system S to its statistical probability W through the now 

famous relation S = k log W.  W is a measure of the number of ways in which the 

state of the system could be achieved and its quantitative calculation made use of 

formulas developed for the casino.  All processes taking place naturally in the 

universe were irreversible and the reason why entropy always increased was that 

natural systems always moved to states of larger, never smaller, W.  Any system 



in nature spontaneously moves from a less probable state to a more probable state, 

never the reverse, and this was taken to define the direction of the arrow of time.  

This was the first introduction of statistics into the description of the behavior of 

physical systems. 

 

When probability is introduced anywhere in science, it means that two or more 

alternative responses to one and the same natural cause can be made by the 

system under study.  Which alternative will be chosen by the system in any given 

instance is beyond the scope of science to specify. The most it can do is assign 

probabilities to the various alternatives.  As between the alternatives, science has 

explicitly renounced natural causation.  When first introduced into science by 

Boltzmann, this idea was anathema to the great majority of physicists of his day 

and was vigorously contested.  During the following three decades, however, its 

applications in the kinetic theory of gases, thermodynamics, and statistical 

mechanics convinced physicists of its validity, and Born's interpretation of 

quantum mechanics in terms of probability have made it a pillar of physics. 

 

One consequence of Boltzmann's formulation is that the universe as a whole must 

always increase its entropy.  Stars consume fuel and their state at their birth is 

very different from their state several billion years later when the fuel is 

exhausted.  Matter tends to fall inward on itself to form white dwarf or neutron 

stars after their initial stock of hydrogen has been exhausted, or to form black 

holes when the gravitational collapse is sufficiently massive.  The whole universe 

is in a state of expansion and its state in the distant past was very different from 

that which we observe today. Five billion years ago the solar system lay in the 

indeterminate future and twelve billion years ago the galaxy was just being 

formed, all the galaxies were a third as far apart as they are now, and the universe 

consisted almost entirely of hydrogen and helium.  If one has only H: and He to 

work with, as was almost entirely the case for the first five billion years of the 

history of the universe, the potential for creativity is drastically limited.  The 

ultimate projection of the state of the universe backward in time leads to an 

essential singularity, the so-called "Big Bang," at its origin, as the singularity 

theorems of Penrose and Hawking have demonstrated.  John Wheeler has 

cogently expressed the problem this creates for science: "Physics is locked in 

between the big bang, before which there was no before, and the big crunch, after 

which there will be no after." 
2
 The big crunch is dubious, however, since it now 

seems questionable that the average mass density in the universe is sufficient to 

bring the expansion to rest and lead to a subsequent gravitational contraction. 

 

In order that space, time, and matter can be born in an instant before which there 

was no before, it is necessary that there should be a transcendent domain of reality 

within which they can enter on their existence and thereafter be embedded with 

all their particular properties and laws.  In other words, there must be a 

transcendent order into which the natural order of three-dimensional space and 

time containing matter and radiation can be inserted.  Quantum mechanics 

provides just such a transcendent order through the quantum state functions Φ 



which are not themselves a part of nature.  The Φ 's are necessarily complex, each 

with its complex conjugate Φ*, are multidimensional, and are alone responsible 

for all the wave properties of the natural world.  Waves are never observed 

directly in nature; only particles (photons, electrons, neutrons, etc.). 

 

The wave-particle dilemma was resolved satisfactorily for experimental physicists 

by Niels Bohr through his Principle of Complementarity which states that an 

element of nature could appear as a wave or a particle depending on the type of 

apparatus used to observe it.  If one's interest were in interference or diffraction, 

then the apparatus would be designed to make those patterns evident.  But if one 

were interested in particles, the apparatus employed would be very different and 

designed to make them evident.  The thing in itself was neither a wave or a 

particle, but could appear as either one or the other depending on the apparatus 

used to investigate it. 

 

In spite of its popularity with physicists, Bohr's resolution of the dilemma fails to 

take note of the fact that what is observed in nature is only particles, never waves.  

Even when the apparatus produces beautiful interference bands or diffraction 

patterns, a microscopic examination of the photographic plate on which they have 

been recorded reveals individual grains, each of which was produced by one · or 

more particles of light or photons.  This is quite evident in electron or neutron 

diffraction studies where the detector is clearly sensitive to individual particles 

which collectively form the pattern.  Diffraction or interference patterns observed 

in nature are produced by particles whose spatial distribution is controlled by 

probability distributions, φΦ*, generated in the transcendent configuration of 

space.  In order to prevent the wave for one particle from reinforcing or 

interfering with the wave for another particle, the wave for each particle must 

move in a space of its own.  This means that the configuration space containing 

the Φ 's has a dimension of three times the number of particles. 

 

The configuration space which accommodates the waves differs from ordinary 

space in being both complex and multidimensional.  Moreover, there is no ether 

or anything else in space capable of "waving" as in the case of true waves like 

those on water or sound waves in air.  Light waves, electron waves, or neutron 

waves are never observed as such within nature.  All the wave aspects of matter 

and radiation exist only in configuration space.  As particles move about in 

ordinary space, their waves accompany them in configuration space and 

determine how and where they move, their speed, energy spin, and other 

experimentally measurable properties.  The waves in configuration space are 

actually waves of probability, since the wave amplitude multiplied by its complex 

conjugate at any point in this shadow space measures the probability of finding 

the particle at the corresponding point in ordinary space. 

 

The reality of this shadow space, or configuration space, and the waves of 

probability in it are essential to the demonstrated capacity of quantum mechanics 

to explain in accurate detail an immense range of phenomena within the order of 



nature.  To be sure, the transcendence of configuration space is very different in 

'its content from transcendence in religion.  There is no hint of God in it or of a 

numinous or holy quality of the transcendent.  This is because we are rigorously 

limited in our access to what lies beyond space and time by our reliance on 

mathematics to take us there.  Thus quantum mechanics provides, as an essential 

feature, the reality of the transcendent order in which the natural universe is 

embedded. 

 

Although the categories of purpose and plan lie completely outside the province 

of science, there are, nevertheless, intimations of long range planning in physics 

itself. One of these is in the work of R. H. Dicke who, in a 1961 paper,
3
 pointed 

out that before life and, therefore, man could be a possibility, sufficient, time must 

have elapsed for stars to generate the essential elements of DNA and protein by 

thermonuclear reactions and spew them out in explosions into the interstellar 

medium.  Since initially the universe contained only hydrogen and helium, and at 

a minimum carbon, nitrogen, oxygen, and phosphorus are required to make life, 

life could not even have started until several billion years had elapsed.  Allowing 

another five billion years for its evolution to man, the minimum age for a universe 

capable of producing man is probably of the order of ten billion years or more.  

Could it be that whoever or whatever started this universe, some 18 billion years 

ago in the big bang, designed it to last that long, and therefore to be as big as it is, 

in order to have an opportunity to create man?  John Wheeler suggests as much in 

his contribution to the Copernican celebration, to which he gave the title, "The 

Universe as Home for Man."
4
  

 

Brandon Carter has developed another line of argument that leads to the same 

conclusion.  The dividing line between M stars whose heat transfer is largely 

convective and O stars in which it is mainly radiative depends sensitively on the 

relative strengths of the electromagnetic and gravitational fields.  When the 

surface temperature is below the temperature required to maintain ionization, heat 

transfer is assisted by convection, but when it is high enough that all atoms are 

ionized, heat transfer is radiative. The dividing line depends on the tenth power of 

the reciprocal fine structure constant, I/α, and the square root of the gravitational 

constant G.  Thus if in the design of the universe, a value of G somewhat greater 

than its present value or a value for the reciprocal fine structure constant slightly 

greater than 137 had been chosen, all stars would have been blue giants, and the 

present structure of the universe would be drastically changed.  Carter speculates 

whether it would be possible in such a universe for stars to have planetary systems 

at all.  His argument is that blue stars have large angular momenta and, therefore, 

probably no stellar disk, such as red stars have, which characteristically have 

small angular momenta.  It is even possible that blue stars have no planets like the 

Earth because a convective star like the sun loses a great deal of angular 

momentum through the solar wind which blows away the large gaseous envelopes 

of nearby planets permitting the formation of solid bodies.  Thus a small change 

in the relative values of G or α could have resulted in a universe without any 

planet on which life and, therefore, man could evolve. 



 

These are instances of a general principle which has been called the "Anthropic 

Principle." 
5
 If one imagines an ensemble of universes of different size and 

duration and equipped with different values of the fundamental constants G, h, c, 

e and others, this principle selects only that member of the ensemble for which 

life and its evolution to man is a possibility.  But merely stating the problem in 

this way suggests a creator with a mysterious plan or purpose of his own.  And 

certainly by any standard for judging a creative artist, to carry life from bacteria to 

man in three billion years is a startlingly immense creative achievement. Even the 

creation of a planet like the Earth is also a remarkable creative achievement.  All 

such considerations are clearly beyond the competence of science to either affirm 

or deny. 

 

An area in which the role of probability in determining the outcome is especially 

crucial is the gravitational collapse of turbulent interstellar clouds of gas and dust 

to form stars with planetary systems like the sun.  Such collapses are highly 

stochastic and so have a variety of possible outcomes.  A few parameters can be 

fixed for them.  Thus it seems that something over two-thirds of the stars are 

double stars possessing no stable planetary orbits.  For single stars of population I 

formed early in the history of the universe, the planets, like the central star, would 

be largely composed of hydrogen and helium, such as Jupiter and Saturn in our 

system, so that the region close to the star occupied by the minor rocky planets 

would be empty.  Thus only single population II stars formed less than six billion 

years ago are candidates for earthlike planets.  Moreover, if such a star were of 

slightly greater mass than the sun, its lifetime on the main sequence would be too 

short to permit evolution to proceed through the development of the metazoa to 

macroscopic land plants and animals.  On the other hand, if the central star were 

slightly less massive than the sun, a planet in an orbit close enough to its star to 

maintain water in the liquid state for several billion years would have a tidal 

coupling strong enough in 4.5 billion years to lock in its spin period with its 

orbital period.  From considerations such as these, I have estimated that the 

number of stars that could possibly have a planet like the Earth capable of 

supporting life for four billion years is less than, probably considerably less than, 

1 in 300.
6
  

 

However, to go farther than this and to attempt to estimate the probability that a 

star satisfying these conditions would possess a planet as massive as the Earth in a 

near circular orbit of the right radius and with a spin magnitude and tilt sufficient 

to maintain water in the liquid state for billions of years is not possible under the 

limitations of a stochastic model.  Any doubts we may have entertained about the 

truth of such a statement have been dispelled by the recently observed 

complexities of the satellites and ring systems of Jupiter and Saturn which are 

subsets of the general process of planetary formation. 

 

There is a widespread conviction, especially among physical scientists, that once 

life gets started anywhere in the universe, Darwinian evolution will sooner or later 



inevitably lead it to produce modern technological man.  This conviction has 

prompted NASA to form a blue ribbon panel called SETI
7
 (for Search for 

Extraterrestrial Terrestrial Intelligence) which has seriously proposed investing in 

a huge array of radiotelescopes to pick up signals that intelligent creatures like us 

might be directing to us from another planet in the galaxy.  Carl Sagan of Cornell 

is an enthusiastic exponent of this conviction, as demonstrated in his TV series 

COSMOS, and Drake has even developed a formula for calculating the number of 

planets in the universe that have evolved advanced technological civilizations.  In 

the nonscientific community this conviction is very widespread as evidenced by 

the popularity of the movie STAR WARS and numerous fantasies in science 

fiction. 

 

An experiment carried out here on Earth by continental drift provides a clear 

refutation of this deep-seated conviction held by numerous physicists and 

astronomers as well as the general public.  It was only at the start of the Devonian 

400 million years ago that life first began creeping onto land areas from the 

marine environment which had nurtured them for three billion years.  For the next 

200 million years, it evolved an increasing variety of species of land flora and 

fauna on Pangea, a continuous single land mass. At the end of this period 

Gondwanaland broke away from the south of Pangea, and 180 million years ago 

in the mid-Triassic when reptiles were rapidly evolving toward the dinosaurs.  

Antarctica and Australia separated from Gondwana and thereafter were 

increasingly isolated from the rest of the world by steadily increasing expanses of 

the Pacific Ocean.  Then 50 million years later when the dinosaurs had reached 

their peak development at the beginning of the Jurassic, 130 million years ago, 

South America began slowly to separate from Africa and the Atlantic Ocean 

started to form.  By 70 million years ago the Earth was just leaving the 

Cretaceous, the dinosaurs were soon to be extinct; Antarctica and Australia were 

isolated by thousands of miles of the Pacific, and South America was isolated 

from Africa by a thousand miles of the Atlantic.  Thus continental drift has 

produced three isolated continents on which evolution has followed completely 

independent paths throughout the Tertiary.  Yet no other planet in another stellar 

system could be more like Africa than South America and Australia.  To 

emphasize this point, we designate Africa as planet E for Earth, and consider the 

other two as extraterrestrial planets S and A with environments matched in them 

as nearly identical to that of the Earth as could be found in some other stellar 

system. 

 

All three planets had identical histories for the first 4400 million years and only 

followed independent histories during the most recent period of less than 200 

million years.  In the case of planet E, the Earth, the evolution of primates started 

around ten million years ago and led to the Great Apes of Africa--baboons, 

gibbons, orangutans, chimpanzees, gorillas--and most recently to man, whose 

evolution has been largely confined to the last million years.  Primate evolution 

on planet S during the same period followed a different evolutionary track which 

by now has led to the New World monkeys consisting of a variety of species of 



small animals that have never left the trees.  None of them are headed at all in the 

direction of man.  Planet A with tile longest stretch of independence from planet 

E, followed a quite different evolutionary track.  When mammals evolved on it in 

the last 70 million years or so, they followed the marsupial rather than the 

placental branch.  Before man migrated to Australia from Southeast Asia from his 

birthplace in Africa, this evolution had produced a considerable variety of 

species--kangaroos, wallabys, koalas, and others--all of which carry their young 

in external pouches rather than in internal wombs with placentas. 

 

If life has gotten started on some other planet in the universe, it would have 

followed from the beginning a totally different history from planets A, S, or E.  

What the outcome would be after four and a half billion years is beyond the 

province of science to say.  Science deals only with causes which operate in the 

present without foresight.  For evolution, the mechanism is natural selection of 

novel mutations in DNA codes which primarily is a process of eliminating errors.  

In the rare instances in which random changes in DNA produce a selective 

advantage, natural selection can reinforce it, but it can never operate on unrealized 

potentialities.  It is certainly true that in retrospect man's intelligence has had 

tremendous selective advantages.  But such an advantage was hardly evident 

before man first domesticated animals and discovered agriculture a mere ten 

thousand years ago, just one percent of his evolution through at least a million 

years.  If life did get started independently on another planet, it seems highly 

improbable that it would discover the same 20-letter amino acid alphabet with 

which to spell its protein words.  In this different language what would be parallel 

to the course followed in Earth history from anerobic bacteria through chlorophyll 

and mitochondria to the metazoa?  There were radically different outcomes on 

planets A, S, and E during the last 70 million years.  Given sufficient time, all 

three might have produced man, but evolution certainly was not headed at all in 

that direction in their separate histories.  It is pure fantasy to suppose that 

somewhere in the galaxy there is another planet like the Earth on which creatures 

like man have independently evolved a technological civilization sufficiently 

advanced to send signals to us across intervening distances of thousands of light-

years. 

 

Another line of thought which is fundamental to the very possibility of physics is 

based on a suggestion of Eugene Wigner.  In a paper with the title, The 

Unreasonable Effectiveness of Mathematics in the Natural Sciences he came 

close, without saying so, to contributing to the theological idea that man was 

created in the image of God."
8 

 

Since the seventeenth century, we have had at least four major and numerous 

minor examples of mathematical systems which were produced initially as pure 

products of the human mind simply for our delight in their inner beauty, but 

which much later turned out to mirror the workings of the natural world 

accurately and precisely in every detail in ways completely unforeseen and 

unexpected by their originators. 



 

The first system was Newton's theory of gravitation which involved such concepts 

remote from our immediate experience as the second derivative by means of 

which it generated ellipses.  Its even mild success was philosophically repugnant 

both to Newton and to the world of his day. At the time it was advanced, his 

theory could be verified with at most an accuracy of four percent, but since then it 

has proved to be accurate to better than one ten-thousandth of a percent.  That the 

motions of the moon and planets should track with such astounding accuracy the 

orbits prescribed for them by this figment of the imagination of man was truly 

miraculous. 

 

In the last quarter of the last century the mathematician Bernard Riemann and his 

colleagues and students developed, with the help of tensor analysis, the 

mathematics of curved spaces of many dimensions in a system of wide generality.  

One of the great triumphs of this theory was the ability to measure the curvature 

of such a space in terms of the Riemann curvature tensor.  In the second decade of 

this century Einstein seized upon this tensor for a space of four dimensions and 

contracted it in order to get a symmetric tensor with ten components.  Then he 

equated this tensor to the tensor for the energy and momentum of matter which is 

also symmetric with ten components.  In this way he obtained his famous 

equation of General Relativity which gives results just as accurately and in a few 

cases more precisely than Newton's theory of gravitation.  As Einstein later said 

of this theory, "Scarcely anyone who fully understands this theory can escape its 

magic." Even Einstein did not at first appreciate the significance of black holes 

which, because the velocity of light is a constant in all coordinate systems, 

partitions three-dimensional space into two regions, an inner and an outer, with no 

possibility of any kind of communication between them.  This means in effect that 

the interior of black holes is removed from the natural order and, therefore, from 

physics.  Einstein is dead now, but the magic of his formulation of General 

Relativity, bringing together a purely geometric property of a curved four 

dimensional space with the energy and momentum of matter in ordinary space 

continues to fascinate and enthrall all who can appreciate its magic.  

 

In the first quarter of this century, the mathematician David Hilbert took the 

leadership in the development of the properties of what has since been called 

Hilbert space. A particularly elegant type of Hilbert space is one of an infinite 

number of dimensions each of which is a complex number.  In the second quarter 

of the century, Dirac showed that a complex Hilbert space was precisely what is 

required to form the mathematical basis for quantum mechanics.  The state 

functions of the system are the vectors in Hilbert space and its observable 

properties are operators on them, while the values of such an observable are its 

Hermetian scalar product.  Thus once again the remarkable discovery was made 

that quantum mechanics, with all its vast and varied achievements in accurately 

describing the microscopic world from molecules and crystals on down, owed its 

success t0a previously devised pure product of the human imagination whose 

authors could have had no premonition of such an application. 



 

In the middle of the last century, before the discovery of the neutron and proton 

and of the quarks of which they are made, the Norwegian mathematician Sophus 

Lie devised an abstract algebra with no thought that it had any application to the 

outside world.  A century later Murray GellMann was seeking a way to combine 

strangeness with isotopic spin when he discovered that the Lie algebra was 

exactly suited for the purpose.  The basic group of spin t particles is made up of a 

singlet (the A
o
), a doublet (the positive proton and neutral neutron}, a triplet (the 

Σ
+
, Σ

o
 and Σ

-
), and another higher mass doublet (the Ξ

o
 and Ξ

-
).  Gell-Mann found 

that the first Lie group of eight elements was exactly suited to accommodate a 

singlet and triplet and two doublets with all their properties of ordinary spin, 

isotopic spin, strangeness, and mass.  Another Lie group of ten elements equally 

well accommodated the nine spin ~ particles consisting of the lowest mass 

quadruplet of deltas, the ∆
++
, ∆

+
, ∆

o
, ∆

-
 a higher mass triplet, and a doublet more 

massive than the triplet by the same amount that the triplet was more massive than 

the deltas. The Lie group also provided a singlet which corresponded to no known 

particle, but the correspondence with nature of the other seventeen particles was 

so exact that GellMann was convinced that the eighteenth particle, which should 

have a unit negative charge, a spin of 3/2, a strangeness of -3, and a mass of 1640 

MeV must exist.  Two years later the Ω
−
 was discovered at the Brookhaven 

National Laboratory and it had the spin, strangeness, and mass that GellMann had 

predicted for it!  But if any of these spin 3 particles existed in nature, the quarks 

of which they were composed must each occur in three colors in order not to 

violate the Pauli exclusion principle.  This added property of color is the basis for 

the successful theory of quantum chromodynamics with its eight colored gluons 

which exchange with the colored quarks in such a way as to always maintain 

colorless particles!  

 

It is difficult to escape the conclusion that two remarkably similar minds are at 

work here.  Riemann, Hilbert, and Lie come at the end of the long and chancy 

process by which Darwinian evolution produced the human brain with its 

particular brand of imaginings.  Their creations were spun out of that organ for 

the sheer delight with their inner beauty with no thought or premonition that they 

had anything to do with the world of nature apart from man. Einstein, Dirac, and 

Gell-Mann were probing the mysteries of space, time, and matter and made the 

surprising discovery that the world had been constructed in great detail according 

to the imaginative constructions made earlier by Riemann, Hilbert, and Lie.  

Could it be that the Mind, which designed and created this mysterious universe 

and its laws 18 billion years ago, already knew all about Riemannian tensor 

analysis; operators, vectors, and Hermetian scalar products in Hilbert space, and 

the irreducible representations of Lie groups?  As Wigner expresses it, "The 

miracle of the appropriateness of the language of mathematics for the formulation 

of the laws of physics is a wonderful gift which we neither understand nor 

deserve." 

 



The particular brand of transcendence represented by the waves in configuration 

space of quantum mechanics is an integral part of physics supported by an 

immense body of experimental verification which give it a solid basis in science.  

This cannot be said, however, of the other instances cited here.  The most that can 

be said of them is that they raise important questions about the nature of reality, 

but are helpless to provide answers.  All the suggested answers clearly lie beyond 

the competence of science to give.  They are merely intimations or rumors of a 

reality which must ever lie beyond the means of physics to deal with. 

Nevertheless, they offer glimpses of a mystery which has had a potent fascination 

for man since time immemorial. It seems to me that those whose task it is to teach 

physics to the younger generation might well wish to share these indecisive but 

fascinating questions suggested by physics as an aside in their courses. 
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