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Sometimes people ask if religion and science are not opposed to one another. They
are: in the sense that the thumb and fingers of my hand are opposed to one an-
other. It is an opposition by means of which anything can be grasped.1

—SIR WILLIAM BRAGG

For most of us, there is little doubt that science was victorious in its centuries-long
warfare with theology. From Galileo—kneeling in the robes of a penitent criminal
before his Inquisitors, pleading for mercy on the grounds of age and infirmity—
we have come full circle, to William Jennings Bryan in the dock at the Scopes
"Monkey Trial"—trying desperately to demonstrate the Bible as the infallible
guide to the story of Creation, then succumbing without dignity to the pitiless
goad of Clarence Darrow.
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But this picture of a single titanic intellectual and spiritual conflict, with science
emerging at last triumphant and religion banished to the nether realms of social
myth and private ethical concerns, is far too simple. The war of science against
religion has actually been waged on three broad fronts: a social revolution, which
in Jacques Barzun's words "has enthroned science in the name of increased pro-
duction, increased communication, increased population and increased specializa-
tion'7;2 an intellectual revolution, directed at achieving "a comprehensive knowl-
edge of the cosmos through science";3 and, most significantly, a revolution in
consciousness, that is, in man's felt way of perceiving himself and the world about
him.

Of these three interlocking struggles, only the social revolution seems to have
been concluded with any degree of finality. Indeed, the enthusiasm for science
generated by its transformation of society has lent substantial strength to those
who, in the name of science, have sought to discredit the world-picture of religion
on intellectual grounds. Nevertheless, the conviction that there has occurred a
"completed revolution of the intellect caused by science,"4 and that theistic religion
is thus as outmoded as the phlogiston theory, remains just that: a deep-seated con-
viction, but certainly not an experimental observation.5 In spite of the optimism
of the eighteenth and nineteenth-century popularizers of scientific enlightenment,
we have yet to see many of the results we might reasonably expect from such an
intellectual revolution. The completely rational theology foreseen by the philo-
soph.es has not appeared.6 Nor have the attempts to reduce human behavior (par-
ticularly ethics) to biology and chemistry been successful.7 Moreover, the scientific
criticism of religious history and literature—with the avowed aim of eliminating
"mythical" or "unscientific" (which is to say, prophetic, miraculous and eschato-
logical) elements—has brought the critics themselves a number of embarrassing
surprises.8

Yet, strangely, the protagonists of religion continue to accept a basically defen-
sive position vis-a-vis science and scientists. It has often been remarked that this
unfortunate state of affairs is not due to any intrinsic incompatibility of scientific
and religious thought, but rather to basic misunderstandings of the contrasting
languages and practices of the two disciplines. What is less often noticed is that
scientists are in large measure responsible for the misunderstandings, because they
have consistently presented scientific practice "as though it were the outcome of
a world-view with which it was in fact fundamentally incompatible."9 As a result,
the revolution in consciousness which led to the birth of modern science about the
time of Galileo has been widely misinterpreted.10 However, regardless of who
bears the blame, we are all impoverished by the notion that the only possible re-
lation between science and religion is one of perpetual conflict between unequally-
equipped antagonists, whose will to fight is sustained by irreconcilable views about
ways of knowing.

A thoughtful examination of the methods and underlying metaphysics of sci-
ence discloses the possibility of a symbiotic and synergistic relationship with
religion. There are, of course, familiar examples of physicists—Kepler, Newton,
Maupertuis, Faraday and Einstein, to name several—for whom a fundamentally
religious or mystical perception of reality served as the nourishing substratum of
their most significant scientific speculations.11 But too often, these cases are dis-
missed as anomalous, as if, for instance, Newton's preoccupation with theology
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represented a singular aberration of an otherwise extraordinarily lucid mind. In
this essay, I shall try to show that such creative and fruitful interplay of religious
and scientific thought is by no means an accident; on the contrary, it arises natu-
rally from the fact that both the theory and practice of science must be guided by
insights and judgments which cannot be formalized because of their subjective
nature. We have long been accustomed to the idea that, in our present embryonic
stage of intellectual and spiritual growth, we cannot demand a comprehensive
and coherent picture of the universe from religion alone. In my judgment, we must
now recognize the essential inconclusiveness of science, too, and learn to view
science and religion "not as mutually destructive or reconcilable elements, but as
polarities in a mutually-sustaining and dynamic tension."12

The existence of a symbiotic relationship between science and religion does not
imply, however, that the two are "equal" in some sense. Religion is, and must be,
a universal and ultimate human concern.13 Science, on the other hand, while it
should be a universal concern, can in no way be an ultimate concern unless we in-
tend to renounce our humanity. However, religion will not solve the elementary
particle dilemma; the solution to that problem will come from more and better
science, not less. Nor will the difficult problems of theology be solved by the ulti-
mate convergence of science and religion, as some scientists have suggested.14

The object of quantum mechanics is not the search for God, but for wave func-
tions and probability amplitudes, and knowledge of the scattering cross section
does not lead to eternal life. For the moment, the conflicts will persist—but
whether they persist to our salvation or damnation depends on us, rather than on
the progress of the disciplines themselves.

I. Science and Method
Several years ago P. B. Medawar touched a tender nerve in the body scientific

by asserting that "the scientific paper . . . misrepresents the processes of thought
that accompanied or gave rise to the work that is described in the paper."15 He
concluded that, by pretending to complete objectivity and forcing their results
into an inductive format, scientists were not only deceiving themselves and con-
fusing the non-scientific world about the methodology of science, but actually
impeding the progress of their research.

The general response to his ideas was predictably negative. We have convinced
ourselves that the inductive method of the sciences has provided us with a tri-
umphant and basely objective way of ferreting out the "irreducible and stubborn
facts of nature"16—a notion seemingly confirmed by the "thingness" and utility
of the technology which goes hand-in-hand with science and which, indeed, is
often thoughtlessly equated with it. The humanities in general, and religion in
particular, seem to suffer by comparison, because they deal in basically subjective
insights.

However, this simple subjective-objective dichotomy is spurious, for the sci-
entific method actually has a strong subjective component which effectively de-
termines the social and intellectual structure of scientific inquiry. As we shall see,
this subjective aspect of science makes it not only possible but in fact desirable for
the religious and scientific communities to be allies rather than antagonists, for
the benefit of science as well as of humanity.
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A convenient starting point for discussion is the stereotype of the scientist
drawn by Harping in "The Abacus and the Rose":

Professor Lionel Potts doesn't know what the sun weighs, but he knows it weighs something.
Something exact, to three places of decimals. Lionel Potts knows that everything weighs
something. Everything can be measured and photographed and spectrographed and God-
knows-what-o-graphed. That's it: Everything in Lionel Potts's world can be graphed—just
graphed. Everything can be described. Who would dare tell Professor Lionel Potts, FRS [Fel-
low of the Royal Society], that beauty cannot be described? Who would hope to persuade
him that description is not enough? That life, life outside the laboratory, also calls for
judgments?17

Potts's business, as we have all been told since early childhood, is to make precise
measurements of natural phenomena, and then to fit these data into an orderly,
usually mathematical, scheme called a "theory." In this view—known variously
as positivism or operationalism18—science deals with two kinds of statements and
only two: empirical propositions which can be verified by sense experience, and
formal definitions or tautologies (as in mathematics). Statements of value, feeling
or purpose are considered meaningless for science. Thus a scientific theory is to
be judged solely by its ability to account for all known observations and to predict
the course of similar events in the future.

Clearly, science without substantial objectivity, or without careful measure-
ments, is no science at all. But Harping's description of Potts as a man bent on
quantifying the universe, oblivious even to "a single impulse from a vernal
wood," is very superficial. Potts may not be a metaphysician, but he cannot make
a single measurement or focus his dispassionate eye on any aspect of physical
reality without asking a great many difficult questions, all of which call for per-
sonal (which is to say, subjective) judgments: What shall I measure to begin with?
And once the data are in hand, what is to be done with them? Why do I claim that
identical pulses of electricity in the same kinds of wires represent protons in one
case and neutrons in another? If a measurement does not agree with a theory
which has successfully explained all previous measurements, is the measurement
in error? Or must the theory be revised? Suppose two theories explain the meas-
ured data equally well. Which theory is right? And what does "right" mean,
anyway?

The concept of scientific theory as a purely objective resume of experience
shatters on these questions, precisely because science is much more than mere
measurement. It is fundamentally a search for intelligibility in nature. Hence, "an
accurate determination of the speed at which water flows in the gutter at a particu-
lar moment of time is not a contribution to science," writes Michael Polanyi,19

because standing by itself, it is neither profound nor of intrinsic interest. And the
problem of selecting interesting and profound experiments is only the beginning.
The data arising from such experiments can be fit by an infinite number of mathe-
matical functions, which thus embody them in a comprehensible pattern. But each
such function or set of functions may have a completely different physical inter-
pretation, and lead to divergent predictions for the future of the system being
studied. Operationalism cannot give us a self-evident, logical criterion for choos-
ing one mathematical embodiment of the data over another. Moreover, the ques-
tion of extrapolating from a theory which comprehends present measurements to
predictions of future behavior necessarily involves judgments of value.
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Still more compelling arguments against Harping's view of the scientist can be
found in the history of science. The Copernican revolution, for instance, was based
not so much on new data as on a reinterpretation of extant observations in light
of Copernicus' metaphysical ideas.20 In fact, the Babylonian and Ptolemaic theories
could probably have given better fits to the available data at that time than could
the heliocentric theory. "Contemporary empiricists," notes E. A. Burtt, "had they
lived in the sixteenth century, would have been the first to scoff out of court the
new philosophy of the universe."21 Copernicus' hypothesis was sustained at first
more by his unshakeable confidence in the inherent beauty and simplicity of his
theory than by the data—a pattern to be repeated in the monumental discoveries
of Einstein, Planck, Schrodinger and Dirac in our own day.22

A more accurate description of the workings of science must still begin with
the premise that the sensory experiences of the scientist—whether casual observa-
tions or measurements from carefully-contrived experiments—remain the primary
data, the "givens," of scientific theory. But according to Planck, these brute facts
remain a "chaos of elements" without any discernible pattern "unless there is the
constructive quality of mind which builds up the order by a process of elimination
and choice."23 The scientific propositions founded on experimentation "are not
derived by any definite rule from the data of experience," says Polanyi. "They are
first arrived at by a form of guessing based on premises which are by no means
inescapable and which cannot even be clearly defined; after which they are verified
by a process of observational hardening which always leaves play to the scientist's
personal judgment."24 This process of guessing, in turn, influences the future
course of experiment or observation. When a scientist begins work in the labora-
tory, he has already imagined a tentative order in the phenomena he intends to
study. The experiment may be designed either to verify that conjectural picture
of the world, or to prove it false; it may well be, after all, as helpful to know what
kind of universe is impossible as to know what sort of world is probable. But in
either case, both the experiment and the data it produces are already "theory-
laden."25

This view of the scientist muddling toward cosmic truths by way of inspired
or lucky guesses may not be as awe-inspiring as the operationalist picture of the
disembodied Eye of science surveying the world by the cold light of reason and
discerning inductively the underlying order in its apparently random processes.
Nevertheless, this more accurate perspective displays the most remarkable feature
of the scientific enterprise—which is not, as we sometimes erroneously suppose,
its closely-defined universe of discourse, but rather its amazing tolerance for
ambiguity. "One of the secrets of science carefully kept from the layman,"
remarks E. F. Taylor, "is that scientists can proceed fruitfully for many years in
a given field without really knowing what they are doing. Indeed, one of the
principal goals of scientists is simply to find out what they are doing."26 Thus
the scientific method is as much a way of defining physical reality as of under-
standing it.

This is not to say that there are no rules to guide the conduct of science. One
usually requires of theoretical constructs that they be logically fertile, satis-
factorily connected to other theoretical ideas, simple, and elegant: in addition,
it is demanded that they satisfy the requirements of causality; and that their
major premises be relatively permanent and stable. Experimental observations
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are usually judged by their fulfillment of theoretical predictions, and by their
agreement with independent methods of measuring the same quantity.27 But
powerful as these criteria are, Polanyi comments, "I could give you examples in
which they were all fulfilled and yet the statement which they seemed to confirm
later turned out to be false." Hence, "Any exception to a rule may thus conceiv-
ably involve not its refutation, but its elucidation and hence the confirmation of
its deeper meaning/'28 And it is crucial to see that a decision either to reject the
exceptional theory or experimental result, or to examine it further in the hope of
finding "its deeper meaning" must be based on an act of personal judgment by
the scientist.29

Thus the task of identifying a scientific truth in a crowd of competing hypoth-
eses is rather like judging a beauty contest, in which one seeks some pleasing
combination of features the particulars of which are only partially describable.
Indeed, one may select a theory which has one or two glaring defects, just as one
might choose a beautiful woman in spite of a ski-jump nose. Niels Bohr's original
version of quantum theory is a case in point: It violated the hitherto successful
theory of classical electrodynamics, but was tentatively accepted, rather than
being rejected out of hand, because it seemed to be the only reasonable solution
to the baffling problem of atomic spectral radiation.

It may be objected that the truth of a scientific theory can be recognized un-
equivocally by its consequences or its fruitfulness. That is true—but when one
is in the middle of the search, how is it possible to see that a proposition is true
from a knowledge of consequences which are yet to be discovered? Again, one
may argue that scientific truth is recognizable because it will be the hypothesis
which most closely conforms to the criteria outlined above. However, these "rules
of science" do not specify scientific procedures explicitly; they actually serve
only as somewhat flexible constraints. It is impossible to put them in the form
of a checklist for determining what the scientist will accept as true, because he
does not know beforehand what the truth looks like in all its particulars. He has,
instead, only an intimation or intuition of how it is likely to appear. Thus these
"rules" limit the strategies and tactics employed in the pursuit of science, but do
not prescribe them—much as the rules of chess do not determine whose strategy
will win or lose, but .only that neither player in a match may move his knight in
a straight line.30

But if the rules or principles which guide us to the solution of scientific prob-
lems are not discernible a priori, "cannot even be clearly defined,"31 and thus
remain forever tacit, how can scientific inquiry survive at all? It is because,
Polanyi argues, the premises of science "can be embodied in a tradition which can
be held in common by a scientific community" and which undergoes a creative
reinterpretation at the hands of every person who enters that community.32 To
be sure, many aspects of the communal tradition are controlled explicitly—as,
for example, the theory of statistics which governs the handling of experimental
errors. But "the major principles of science . . . are continuously remolded by
decisions made in borderline cases and by the touch of personal judgment enter-
ing into almost every decision."33 A tradition of science can be sustained in this
way only if there exists a community which is in principle dedicated to "the
fourfold proposition (1) that there is such a thing as truth; (2) that all the mem-
bers love it; (3) that they feel obliged and (4) are in fact capable of pursuing it."34
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The apparent tough-minded objectivity of science arises not because it deals only
in observations and logical tautologies, but because the social contract of this
scientific community requires of all its members (1) that for the sake of free
discussion truth be divorced as much as possible from anthropomorphic char-
acterizations;35 (2) that questions of purpose in natural phenomena be left to
metaphysicians wherever possible;36 (3) that every theory be submitted in good
faith to experimental analysis; and (4) that experimental observations be made
available to the entire community for rigorous public discussion.

The idea of tacit knowledge sustained in a community by a tradition embody-
ing rules of practice, mutual respect and a love of truth leads quickly to the
realization that science, like vital religion, is a marvelous and fragile undertaking
which can survive only under particularly favorable intellectual and spiritual
conditions. This constitutes the fundamental basis for an alliance between the
scientific and religious communities, for whatever threatens the survival of one
imperils the continued existence of the other. Both disciplines, for example, are
endangered by pietistic fallacies—represented in religion by an emphasis on
outward appearances; in science, by the preoccupation with method and measure-
ment. Pharisees and positivists serve important, but essentially negative, func-
tions;37 left unchecked, they can vitiate and finally kill the profound inward
aspects of both science and religion. Similarly, religion and science may be
damaged or destroyed by the coupling of limitless moral outrage and philosophical
skepticism in existentialism and Marxism. For if, as the existentialists assert, "man
is his own beginning, author of all his values,"38 the acceptance of a communal
tradition, so vital to the practice of religion or science, is an act of spiritual and
intellectual treason, to be abhorred by every honest man. Or if, on the other hand,
science and religion are controlled by the state as the embodiment of the people's
will and ostensibly for its interests, individual freedom inevitably disappears—
and without it, the creative re-interpretation of the scientific or religious heritage
cannot occur.39

This is not to say that in such an alliance there would be no conflicts; there
are profound points of disagreement, and what we must expect is a kind of
creative dissonance, as in good friendships. But the day when one might feel
obliged to keep religion in one mental compartment and science in another is
past, or ought to be. Science, for its own good if for no other reason, can no
longer pretend to be a world apart from the rest of man's intellectual and spiritual
strivings. Moreover, the increasing demands on science to be responsive to human
needs necessitates a rapprochement with the larger religious community, be-
cause it is there that the ultimate concern for human needs and values resides.

A pervasive awareness of the essential unity of human life and values is not
easily achieved. But to those who make the effort, there opens up the welcome
prospect of a religious faith released from the pressure of an intolerably narrow
perspective of the universe, and of a science helping in the discovery of "a mean-
ingful world which could resound to religion."40

II. Science and the Consciousness of Reality

It is tempting to assume that the great scholars of antiquity, the Renaissance
and the Middle Ages did not develop modern science because their methods
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were inadequate. Yet there were sciences in all those periods of history—astron-
omy, biology, physiology, mechanics, for instance—which used all the methods of
contemporary science: experiment, observation, measurement, classification, and
inductive and deductive theorizing. And still theology, not mathematics, was
queen of the sciences! Clearly, then, the change from the animated Macrocosm
of Thomas Aquinas to the curved intergalactic space-time continuum of Einstein
is not explicable simply in terms of the construction of the telescope, the in-
vention of the calculus, and a few more centuries of observational and theoretical
astronomy. Such a profound change in world-view can only be accounted for
by a drastic reordering of "the whole apparatus of concepts and categories,
within which and by means of which all our individual thinking, however daring
and original, is compelled to move."41

It is this revolution in human consciousness which we must now consider. In
tracing the history of this intellectual upheaval and the gradual emergence of the
contradictions implicit in it, we shall see unfolding what I have earlier called the
"inconclusiveness" of modern science. This metaphysical incompleteness turns
out to offer important opportunities for a personal alliance between science and
religion, much as the ambiguities in the scientific method open up possibilities
for mutually profitable dialogue between the religious and scientific communities.

Consider for a moment the problem of perception. Our links with the familiar
world of objects are various sensations: mechanical vibrations which rattle our
auditory mechanisms, or electrical oscillations in the optic nerve. Physics tells
us that these sensations arise from the motion of particles; but whether or not
this is true, it is the sensations and not the particles which are the fundamental
data of human and scientific experience. We live, then, in a sort of two-level
world: One level is comprised of the particles, or more precisely, an unrepresented
sub-sensible or super-sensible basis of the external world. The other level, which
is the familiar world of appearances and phenomena, is made up of representations
which our brains construct from the bare input of our sense organs. Note carefully
that the representations include more than the sensation itself; "these mere
sensations must be combined by the percipient mind into the recognizable and
nameable objects we call 'things/ " observes Barfield, by a process which he has
christened "figuration."42 The representations are, in a manner of speaking, the
costumes in which th'e sensory experiences appear after passing through the
various dressing rooms of the mind.

We discover in a sort of experimental fashion that most human beings share
the same or similar representations of sensory experiences; thus reassured, we
impute the label "reality" to representations which are collective. Hence, our
familiar world is in fact a world of collective representations.43

It is characteristic of twentieth-century Western minds that in figuration we
are largely unconscious of the relation between ourselves and the representations.
In analytical thinking, we deliberately consider the representations as wholly
outside and independent of ourselves. But it was not always so. There was a time,
extending back beyond the ancient Greeks to the great Oriental civilizations, and
forward at least until the end of the Middle Ages, when man's primary experience
of the representations was that of a participant, rather than an observer. For the
participating consciousness, both figuration and analytical thinking are altered
by this awareness of extra-sensory links between the observer and the phenom-
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ena.44 And while sophisticated theoretical thought is quite possible in such a
frame of mind (as in ancient science), its subjects—that is, the phenomena—are
necessarily different because of the change in figuration. A participating con-
sciousness did not see the same thing we see when looking, say, at a tree or at
the moon. To such a mind, "the world was much more like a garment which
men wore about them than a stage on which they moved."45 And thus, for the
scientists of antiquity, the only model of the universe which made any real sense
was organismic, not mechanical. Man the microcosm was constantly aware of
being nurtured in and by a macrocosmic Nature conceived, as in Plato's Timaeus,
as "the nurse of all becoming."46

The origins of modern science may be traced to the gradual disappearance of
these extra-sensory links to the world of nature. In the organismic model, for
example, thought and space were connected, because every motion in the mind
of man was the product of motion in the receptacle of his Becoming, which in
turn reflected movements of the Forms of the ideal world.47 However, Aristotle's
speculations on the nature of thought led him to the conclusion that thought
could be divorced entirely from external movement. Thus, in our world space is
an object of perception, rather than its cause; the "receptacle of becoming" is
no longer an active organism which brings about life and natural processes, but
simply a neutral medium "out there" in which the phenomena are displayed.48

In addition, it was necessary to break the cycle of time, Plato's "moving image
of eternity," and change the eternal round of history into a real succession of
events ordered by time, viewed now as a dimension or as one of the coordinate
axes of reality. This concept of linear time, for which we are primarily indebted
to the Israelites,49 made possible the evolutionary orientation of modern science,
and the notion of cause and effect on a cosmic scale.

Galileo is one of the first modern scientific minds, and it is important to under-
stand that he occupies his pivotal position in the history of science because, for
him, participation in the phenomena has effectively ceased. This assertion can
be verified in two different ways.

One piece of evidence is his ability to conduct thought-experiments, in which
he considers "not real bodies as we actually observe them in the real world, but
geometrical bodies moving in a world without resistance and without gravity—
moving in that boundless emptiness of Euclidean space which Aristotle had re-
garded as unthinkable."50 Galileo was not by any means the first man to construct
a mechanomorphic model of the universe.51 However, the abstract character of
his models and the idealized space in which he imagines observing their evolution
in time stamps his model-building as original and thoroughly modern.

An even more significant token of Galileo's rejection of the participating
consciousness is his treatment of hypotheses. Hypotheses—including the helio-
centric hypothesis—had been made long before his time. But for ancient and
medieval thinkers, the primary concern in constructing an hypothesis was not to
establish some particular one as an accurate picture of the universe, but to
comprehend the Forms of an idealized nature by an act of indwelling, or partici-
pation.52 Hence, it was of little consequence that several different hypotheses
might save the same physical appearances;53 there was simply no pressing need
to choose among them. The astounding notion which occurred to Galileo54 was
that, if the heliocentric theory could save all the astronomical appearances, it was
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literally, physically true. It is this concept which marked for him the final break
with both ancient science and the carefully rationalized theology of the Catholic
Church. And only in this context can we understand Ricardi's instructions to
Galileo's Inquisitor, "that the absolute truth should never be conceded to this
opinion [the heliocentric theory], but only the hypothetical, and without Scrip-
ture."55 (Italics added.)

Perhaps Ricardi had a premonition that analytical mechanics might one day
become sufficently cogent and appealing to convince scientists that only such
knowledge of the external world could be truly satisfying. At any rate, that is
precisely what happened: Inspired by Galileo's success in saving the appear-
ances with abstract mechanical models, others following him began the erection
of a hollow, lifeless image of the universe, which was declared to be Reality
itself and was, indeed, worshipped after a fashion (witness the talk of "the
temple of science"). Small wonder Barfield speaks of the "idolatry" of modern
science!

This might not have happened if scientists had paused to consider the meta-
physical underpinnings of their work. But the peculiar circumstances surround-
ing the birth of modern science—the sense of revolt against the monolithic world-
view of Scholasticism, and its early alliance with technology—conspired against
that kind of meditative thinking. Modern science began as and "has remained
predominantly an anti-rationalistic movement, based upon a naive faith," de-
clared Alfred North Whitehead. "Science repudiates philosophy. In other words,
it has never cared to justify its faith or explain its meanings."56

This disdain for philosophy gave physicists a false sense of security about
the epistemological foundations of their work, and, ultimately, made the transition
to atomic and molecular physics an emotional as well as an intellectual shock.
But metaphysical conundrums were of little concern to science until the begin-
ning of the twentieth century. Through three hundred years of magnificent
achievements, the stubborn scientific faith of Galileo hardened into a dogma
epitomized in Laplace's contention that he could "embrace in the same formula
the movements of the greatest bodies of the universe and those of the lightest
atom."57 Henry Power, one of the first members of the Royal Society, felt that
"the infallible demonstrations of Mechanicks" would "lay a new foundation of a
more magnificent Philosophy never to be overthrown."58 So, from its beginnings
as a physical theory, analytical mechanics came to be considered the physical
theory, and "it was as such that classical physics superseded organismic physics,
tried to rule philosophy, and influenced even sociology and politics."59

However, when physicists actually moved to incorporate the "lightest atoms"
and the phenomena of electricity and magnetism into the all-encompassing vision
of mechanics, Laplace's creed could no longer be sustained. Between 1855 and
1926, almost every fundamental concept of mechanics was discarded or altered
beyond recognition. Mass, length and time were redefined in Einstein's special
and general theories of relativity. Planck, Bohr and Schrodinger developed a
theory of quantum mechanics to describe atomic phenomena, with probability
distributions replacing the simple mechanical causality of classical physics. From
the laboratory came experimental data describing particles with wave-like be-
havior, and light waves which looked like beams of particles. The story has been
told well elsewhere.60 What is important for us is that relativity and quantum
mechanics explicitly deny the possibility of a complete causal description of a
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physical system without any reference to an observer. The difficulty is most acute
with atomic systems, where Heisenberg's uncertainty principle decrees the im-
possibility of a simultaneous measurement of all the variables needed for a
comprehensive picture of the system. Measurements are possible, and they can
be integrated into a causal framework, but we cannot mold "these isolated bits
of perception and isolated causal chains into an objective model of the event;
what fails is the 'objectifiability of nature.'"61 Thus the physicist can no longer
sit in the gallery as a disinterested spectator, but has been forced to come on
stage with his machine.

With the breakdown of mechanism, some theoreticians looked to mathematics
as a refuge. "Our quanta/' wrote Arthur Sommerfeld, "remind us of the role
that the Pythagorean doctrine seems to have ascribed to the integers, not merely
as attributes but as the real essence of the physical phenomena."62 Note well
the change: In classical physics, mathematics was used as a shorthand for order-
ing the representations; now we have a new "idol/' with wave functions and
quantum numbers replacing the classical universe of point particles. But here,
too, physicists came in for an unpleasant surprise, this time from the mathe-
matician Godel, who proved in an historic paper that even such a simple system
as whole number arithmetic cannot have within itself a proof of its consistency.63

Mathematicians and philosophers alike saw in Godel's theorem the end of hope
for a complete, self-consistent mathematical model of physical processes.
Bertrand Russell, for instance, suggested that "physics is mathematical not be-
cause we know so much about the physical world, but because we know so little:
it is only its mathematical properties that we can discover."64

Considered by itself, the failure of the mechanical model is certainly not
catastrophic. Relativity theory, after all, does not require one to give up mech-
anism; it asks rather that one pay more careful attention to operational defini-
tions of mass, length and time.65 Even the paradoxical results of quantum me-
chanics—such as the wave-like behavior of electrons in crystals—might be made
perfectly intelligible if one assumed that the electron was a more complicated
object than an ordinary billiard ball.

Lord Russell's comment, on the other hand, hints at a profound metaphysical
inconclusiveness in physics: that there is no self-evident, logical way of choosing
an undergirding conceptual framework into which one can integrate particular
experimental or theoretical results. That framework must be supplied by the
scientist from his own perceptions and intuitions of the underlying realities of
nature. When Einstein, for example, renounced the Newtonian ideas of space
and time, he did so because he saw in them certain fundamental contradictions
which demanded resolution. But he was led to this insight not by logical deduc-
tion, but by "intuition, resting on sympathetic understanding of experience,"
derived, as Einstein himself said, from a "cosmic religious feeling."66 Similarly,
the crucial role of symmetry concepts in particle physics could not have been
deduced logically from the character of physical laws. Someone with a funda-
mentally aesthetic view of nature had to postulate the existence of still-undis-
covered symmetries in the "zoo" of protons, neutrons and mesons—and then
follow that intuition to the discovery of a new kind of order. Thus, just as Gell-
Mann's classification of elementary particles on the basis of symmetries might
be said to be as much art as science, so Einstein's general theory of relativity
"was religion as much as science."67
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In the final analysis, it is apparently the metaphysical incompleteness of
physics which prevents the erection of a comprehensive, self-consistent model
of the universe. And this should make us skeptical of claims for both compre-
hensiveness and logical consistency in any other science, because physics deals
with the simplest models and has the most formal mathematical structure of all
the sciences. I have no intention of stigmatizing scientific knowledge as meager or
unsatisfactory. On the contrary: the Schrodinger equation is also "a thing of
beauty, and a joy forever." But we must eschew the scientific idolatry which
attempts to define reality solely in terms of some particular set of collective rep-
resentations or hypotheses, and learn, instead, to meet reality in all the levels
and varieties of human experience.

Once we acquire the intellectual and spiritual courage to discard our mono-
lithic world-view, the metaphysical inconclusiveness of science ceases to appear
as a threatening gap in our comprehension of nature. It offers, instead, the oppor-
tunity for laying new foundations in scientific thought—based on philosophy,
art, and certainly on theology. In this way, we may also recover that feeling for
the purposefulness of nature which was the special delight of the sophisticated
scientists of antiquity.

We need, finally, to understand clearly that the failure of ancient science was
not rooted in its mode of consciousness, but rather in its attempt to achieve a
complete world picture through a single mode of thought. With the shift away
from participation in the phenomena and the consequent bifurcation of the
universe into objects and observers, we have gained an understanding and
control of natural processes of which the ancients could only dream. Yet Laplace
made the same mistake as Aquinas. Therefore it is not the method of science
which we must renounce, but the madness. To this end, we would do well
to pray with William Blake:

May God keep us
From single vision and Newton's sleep.68

III. Problems and Prospects
To recapitulate: We have drawn two major conclusions about science, based

on the example of physics: First, that its methodology does not consist of pre-
scriptions for "doing" science, but rather of rules of art, which are embodied
in a tradition of practice preserved in and by a community dedicated to individual
freedom and the pursuit of truth. Second, that physics, although it deals with the
simplest and most fundamental phenomena of nature, is seemingly unable to
give an account of these phenomena which is simultaneously complete and
logically consistent, thus casting grave doubts on the ability of any scientific
enterprise to do so. From these conclusions, I have inferred the possibility of a
dialogue between science and religion, based on (1) their common interest in
preserving moral and intellectual freedom for the scientific and religious com-
munities; and (2) on the need of science for periodic infusions of categories
and concepts not available in its own storehouse—a need which has frequently
been met by theological, religious or mystical perceptions of the universe.

In all of this, I have stressed the contributions which religion can make to the
progress of scientific activity and thought. Since I have assumed from the be-
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ginning that religion has a more fundamental claim on man than science, that
is as it should be. After all, if "the fear of the Lord is the beginning of wisdom/'69

how could a physicist resist? But even assuming this to be so, we are entitled to
wonder how science can be a symbiotic partner with religion unless the relation-
ship benefits religion as well.

Certainly the gift of science to religion is not the imparting of the scientific
consciousness to religious thought. The end of participation in the collective rep-
resentations of the phenomenal world occurred in Israel long before it happened
in the West; and, interestingly enough, in the ancient East, where this revolution
in religious thought did not occur, the development of science was substantially
delayed.70 So science is, if anything, the product of the revolution in theological
consciousness: The Jews succeeded in divorcing their Creator from his creation
long before Galileo was able to get the Prime Mover out of Aristotle's scientific
cosmology.

Nor can science fill its proper place by permitting itself to be pressed into
service wherever theologians need to buttress their own grand schemes of the
universe. Of the myriad abuses of this type, two examples will suffice. One is
the propensity of some religious thinkers for distorting scientific concepts to fit
some theological principle—as when we are told that the quantum mechanical
uncertainty principle gives us once more the possibility of free will, as if that
were something which Laplace could take away and Heisenberg restore. A similar
misuse of science is the all-too-frequent attempt to harness it to the task of
"proving" scriptural accounts of creation—an effort that often, curiously, goes
together with adducing gaps in scientific knowledge as "proofs" for the existence
of God. I believe these abuses are based not on faith in the ability of religion
to comprehend all truth, but instead on the unfortunate modern skepticism which
accepts any scientific proposition, no matter how well-founded it may or may not
be, as the only kind of knowledge worth having. And that is false to both religion
and science.

On the other hand, science does offer to religion a valuable example of the
continual interplay of creative doubt with an abiding faith in the basic orderliness
of the universe. This fundamental article of scientific faith is grounded in "the
medieval insistence on the rationality of God, conceived as with the personal
energy of Jehovah and with the rationality of a Greek philosopher."71 Unfor-
tunately, now that religion has fallen into disrepute as the source of a unifying
vision, this priceless legacy from medieval theology has been largely forgotten.
Nevertheless, it remains possible for the scientist to work both critically and
worshipfully, thus offering to the practice of religion one particular means
(among many) of loving God with all one's mind.

Scientific propositions may also properly serve to confirm individual faith or
elucidate theological principles. C. S. Lewis has written that the story of the
Incarnation of Christ

has not the suspicious a priori lucidity of Pantheism or of Newtonian physics. It has the
seemingly arbitrary and idiosyncratic character which modern science is slowly teaching us
to put up with in this wilful universe, where energy is made up in little parcels of a quantity
no one could predict, where speed is hot unlimited, where irreversible entropy gives time
a real direction and the cosmos, no longer static or cyclic, moves like a drama from a real
beginning to a real end. If any message from the core of reality were ever to reach us, we
should expect to find in it just that unexpectedness, that wilful, dramatic anfractuosity which
we find in the Christian faith.72
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Newton, of course, would have used quite a different aspect of physics to bolster
his faith, but that should not disturb us. The point is that religion is made lively
and strong by any honest activity of the mind, if the activity is directed to that
end. Science will serve as well, or as poorly, as art or literature in this regard.

As to the role of religion in science: Einstein observed that "religion without
science is blind; science without religion is lame."73 What so cripples science is
its tendency toward idolatry—that is, toward the treatment of some particular
set of collective representations as if it were itself the sub-sensible basis of the
phenomenal world—and, paradoxically, the freedom of its practitioners. Religion
can be of use in both areas.

The most helpful thing religion can do with idols, of whatever shape or size,
is to smash them thoroughly. This ought not to be done with any trace of conde-
scension or hostility, but rather with the frank good humor becoming an honest
friendship. It is the function of religion as much as it is of science to replace
illusion or ignorance with reality. Thus, when the scientist insists that he and
he alone is able "in principle" to explain man or the universe, the theologian
ought to smile and remind him that "there are more things in heaven and earth
than are dreamt of in your philosophy."

This, however, is essentially a negative, critical function, and there is a more
vital service to be performed. Because of the autonomy which the scientific com-
munity grants practicing scientists, specialization of research may lead not only
to fragmentation of knowledge (which is tolerable if one can prepare for it and
take certain countermeasures), but also to the aimless piling up of research papers
Avhich remain unintelligible to all but those working in the same tiny disciplinary
niche. Religion offers a strong antidote to this poisoning of thought through its
perspective of a God who created man and nature in infinite variety and stagger-
ing complexity, but who reveals himself in unexpected and delightful ways as
the author of a cosmic orderliness and meaning. Such a perspective can serve as
a constant reminder to science and scientists that the whole of the phenomenal
world is wonderfully more than the sum of the parts into which it has been sliced
for the relentless scrutiny of the various scientific disciplines.

All of this suggests the prospect for a mutually supportive relationship between
science and religion, in which science might lend to the search for God the strength
and critical appreciation of a mind viewing nature from outside, and with religion
in turn offering to science the inspiration of eternal orderliness derived from its
perception of man in nature. The creation of such a working synthesis of science
and religion is necessarily a personal matter, of course. But it must be based on
a steadfast refusal to gloss the apparently inevitable points of difference between
disciplines, and a determination to treat conflicts as opportunities for a union
in diversity, rather than as challenges to do battle over contested territory of
thought. Such a relationship would, I think, be especially satisfying to Latter-day
Saints, for whom no enterprise which forever splits spirit and intellect can ever
be fulfilling.

However it may be achieved, a symbiosis embracing science and religion is
essential if we are to avoid a dangerous compartmentalization of our thought
and experience. That the relentless and sometimes heedless pursuit of science has
unintentionally compromised our intellectual and spiritual integrity is clear from
the persistent feeling of oppression and alienation that pervades so much of
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modern art and literature; from the "two cultures" problem outlined by C. P.
Snow; from the burgeoning, irrational hatred of technology; and from the wide-
spread, haunting feeling that "mankind is at the helm of a black ship bound for
hell."74 The malaise is curable, though, and religion can prescribe the specifics
of the cure. What is required as a condition of understanding is intellectual humil-
ity and submissiveness coupled with a childlike and faithful curiosity. The medi-
cine, it is said, tastes bitter at first, but comes in time to be quite agreeable. And
if enthusiasm for trying the cure is wanting, we need only remember that the
disease gives every indication of being fatal.

Recommended Reading
For those interested in further pursuit of this and related subjects, I would
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and God said:

and there was:
Light


	Religion and Science: A Symbiosis

