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abstract

Zen Buddhism displays many surprising similarities

to certain aspects of western tho 9gt. The philosophy of

science indicates that Zen-like, intuitive leaps of conscious-

ness, as well as ratiocination, are required for the creation

of scientific theories, Both the teachings of Zen and the in-

terpretation of quantum mechanics generate paradoxical state-

ments, and modern studies in the field of formal logic support

the thesis that, in both cases, the paradoxes result from using

ordinary, objective language to describe a reality for which

the classical concept of objectivity is inadequate. These

similarities are neither accidental nor superficial nut, ra-

ther, reflect the basic philosophica issues that lie at the

heart of these disc-iines. This paper presents a detailed

study of the way in which these aspects of western philosophy

pDarallel the teachings of Zen. The insight contained in the

experience of Zen consciousness cannot, by its very nature, be

reached by this kind of analysis. These analogies do, however,

help to de-mystify the strange language and techniques which

the master uses to transmit the experience of Zen to his

disciple.

Thesis Adviser: Professor Huston Smith

Thesis Title: Paradox East and WIest: Some Parallels Between
7en Bise7hism and Hestern Philosophy
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Foreword

Although one usually thinks of the fields of Zen

Buddhism and of western science and logic in terms of con-

trasts rather than similarities, the Purpose of this rarer

is to investigate certain parallels between the teachings of

Zen and these fields of western thocght) with special em-

hasis upon the philosophThy and interpretation of modern :hys-

ics and u-,on the study of paradox from the point of view of

formal logic. here follows a brief outline describing the score

and organization of the rarer.

The first charter, which serves as an introduction,

outlines very briefly the techniques and philosophical back-

ground of Zen Buddhism and introduces torics discussed in

greater detail in later chapters. A brief mention is also
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made of poarallels between Zen Buddhism and Christian mysticism

and existentialist philosophy in acknowledgment of their rele-

vance to any discussion about Zen and the west.

The second and longest chapter of the paper is de-

voted to examining parallels between Zen and modern physics.

Although Einstein's Theory of Relativity, with its advocation

of the relativity of space and time, has some relevance to Zen,

the discussion in this chapter is restricted to the interpre-

tation of quantum mechanics -- a branch of physics which, be-

cause of its parado ical statements and its uncertainty rela-

tions, is rich in analogies with Zen Buddhism.

The next chapter, on formal logric and logical sys-

tems, investigates the western study of paradox for relevance

to the ;oaradoxes of Zen and includes a discussion of Godel's

famous incomcleteness theorem.

The Final ch.:2pteP presents some conclusions about

Zen that can be drawn from the parallels discussed in the

main body of the work.

At this point, I would like to express my thanks to

my thes-i,.s adviser, Progessor Eluston Smith for his assistance in

reccomendin g articles to read and in suggesting some initial

lines of research when i first began this paper. I would also

like to express my thanks to Steve Girshick of the Palo Alto

zendo for his encouragement and to Anya for her valuable con-

versatio s and invaluable .oral support.
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Chapter I

Introduction

Zen is a sect of Mahayana Buddhism which currently is

strongest in Japan. Although the doctrines and practices of

Mahayana Buddhism can be traced in the teachings of its rival

sect, Hinayana Buddhism, the two sects differ in the emphasis

that each places on various aspects of Buddhism. The Hinayana

sect is the more austere, conservative, and most concerned with

individual salvation. Both schools claim to trace their origins

back to Gautama, the Buddha.

Bodhidharma, who is credited with bringing Buddhism

from India to China during the early period of the development

of the Mahayana sect, summarized his teachings in four propo-

sitions:

A special transmission outside the
scriptures;
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No dependence upon words and letters;
Direct pointing to the soyl of man;
Seeing into one's nature.

These four propositions point out some of the impor-

tant features of the Chinese interpretation of the Mahayana

approach to Buddhism. First, the experience by which the Bud-

dha became the Enlightened One is not an experience exclusively

his own but rather one that could be (and had been) transmitted

to others. Second, the experience itself contains the essence

of Buddhism, and Buddhism is not restricted to the orthodox

teachings contained in the sutras. Third, this experience

which confers Buddha-hood involves seeing into one's own very

nature.

The sixth Chinese patriarch, Hui Neng, founder of the

"Sudden School" (which was opposed by a now extinct rival sect),

continued the transformation of Buddhism into its Chinese form.

Commenting upon his method of teaching, he said:

If I tell you that I have a system of law to
to transmit to others, I am cheating you.
What I do to my disciples is to liberate
them from their own bondage with such
devices as the case may need....In ex-
pounding the Law, I do not deviate2 from the
authority of the Essence of Mind.

Thus, the unenlightened are held in bondage by their

own illusory concepts of themselves and of the world. The es-

sence of Buddhism, according to the Sixth Patriarch, is to

break through this illusory perception, by whatever methods

are required to achieve this purpose. Because the patriarch
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himself has already escaped the bonds, there is no question

of violating the teachings, since they are the "Essence" .of

his own mind. The master speaks and acts from the level of

Zen consciousness and works upon the minds of his students in

order that they might also attain this level of consciousness.

Soon after Hui Neng, Hyakujo founded the institution of

the Meditation Hall, and by the tenth century, the koan system

was in use by the Chinese Buddhistsr- the sect initiated by

Bhodidharma had developed into what is recognizable as Zen.

Koan ('kung,' public; 'an,' case record) are given

to the Zen student as problems and act as aids to enlighten-

ment. Koans are often examples of dialogues and stories involv-

ing a famous Zen master and a student. Given-a problem such as

the classic, "What is the sound of one hand clapping?", the

student cannot solve it intellectually. Any intellectual solu-

tion must make use of the discriminating intellect which is

one of the bonds that must be cast off in order for the Zen

disciple to achieve satori, the enlightenment experience.

Rather, the solution of one of these koans involves "seeing

into one's nature," and achieving the goals set forth by Bhodi-

dharma and Hui Neng in their teachings. As Isshu Miura puts

it:

If, in coming upon expressions such as these,
you feel as if you were meeting a close rela-
tive face to face at a busy crossroad and re-
oognizipg him beyond a shadow of a doubt, then
you can be said to understand the Dharmakaya,
But, if you use common sense to conjecture about
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it, or run hither and thither trying to follow
the words of others, you will never know the
Dharmakaya.

Although there are standard compilations of koans and

standard courses of study in which the Zen student must solve

a number of successive koans, just about anything could serve

the function of a koan if it is, as Hui Neng says, such a de-

vice as "the case may need." Various methods of Zen study will

be discussed more fully below.

During the twelfth century, three monks brought Zen

Buddhism into Japan: Eisai, founder of the Rinzai sect; Dogen,

founder of the Soto sect; and Ingen, founder of the Obaku sect

(nowVabsorbed into the Rinzai). Both the Rinzai and the Soto

sects make use of the unique Zen techniques of koan and zazen,

or Zen meditation, and differ chiefly in the way in which these

techniques are employed in relation to one another, and the em-

phasis placed upon each one.

Zazen, the form of meditation peculiar to Zen Buddhism,

is an essential part of the practice of Zen. The name 'Zen'

itself is a translation of the Sanskrit term, 'dhyana,' which

means meditation (although the Indian form of meditation, dhyana,

is not zazen). Zazen does not involve meditation upon any par-

ticular object or idea. However, it does involve concentration

so that the mind "attains one-pointedness and no longer dis-

perses itsforce-in the uncontrolled proliferation of idle

thoughts," but at the same time, "the mind is freed from bon-
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dage to all thought-forms, visions, objects and imaginings."

Zazen may involve simple exercises of concentration, such as

counting breaths, or it may involve work upon a koan. The

contemporary Zen master, Yasutani, describes three different

results that flow from the practice of zazen: development of

the power of concentration, satori-awakening, and actualization
5

of the enlightened realization in everyday life.

Yasutani distinguishes between the Rinzai and Soto

sects in terms of these goals: the Rinzai emphasizing satori

above all else, with little attention to continued practice

and actualization in daily life, the Soto emphasizing develop-

ment of powers of concentration to the neglect of realization
6

through satori. Dogen, the founder of the Soto sect, discussed

the relative merits of the two techniques:

In the pursuit of the Way, the prime essential
is sitting /zazen/....jBy reflecting upon vari-
ous public cases /Toan7 and dialogues of the
patriarchs, one may perhaps get the sense of
them but it will only result in one's being
led astray from the way of the Buddha....
There have been some who attained enlightenment
through the test of the koan, but the true
cause of their enlightenment was the merit
and effectiveness of sitting.7 Truly the
merit lies in the sitting.

Thus, one can see that the Soto sect, at least in its

original form, did not negelect the importance of satori, al-

though it did de-emphasize the role that koan-study plays in

the development of satori. Perhaps the differences in the

modern sects, commented upon by Yasutani, can be best described

by'contrasting the writings of Suzuki, an exponent of the Rin-
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zai sect, who devotes nearly a third of his multi-volumed Es-

says to koan study but less than a chapter to the practice of

zazen with a writer such as Wienpahl (who presents, like Yasu-

tani, teachings that are drawn from both sects, but is more

strongly influenced by Soto Zen than Suzuki is) who speaks

of koans as "aids to zazen," and says,"We do not worry about

satori- or getting it....We call these experiences by-products

of the process. But vie do not aim for them. We do not aim for
8

them and you may progress without them." Thus, one can see

that both sects accept and make use of all the techniques and

goals of Zen, but differ from each other in the emphasis placed

upon the various aspects of Zen practice.

Zen Buddhism is the result of the interpretation of

Mahayana philosophy by the Chinese mind. This philosophy de-

veloped simultaneously with the rise of the Zen sect of Bud-

dhism. In order to present a coherent picture of Zen, a brief

sketch of some of the major ideas of Mahayana philosophy, as

interpreted by the Chinese mind, will be presented here. Ma-

hayana philosophy provides both the historical and psycholog-

ical background for the development of Zen.

The first of these is the doctrine of Enlightenment.

It has been mentioned above that Zen avows the transmission

of the original enlightenruent experience of the Buddha --

handed down from master to pupil. What is it that is revealed

in the timeless instant of satoriZ Bhodidharma's proposition
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states that it involves seeing into one's own true nature and

that it points directly at the soul of man. But if it is the

self that is revealed in satori, it is not the ordinary self

of ego.

The Japanese master Hakuin wrote:

For such as, reflecting within themselves,
Testify to the truth of Self-Nature,
To the truth that Self-Nature is One-Nature,
Have gone beyond the ken of sophistry.

That is, when one sees into his true Zelf, the self

no longer appears as an isolated, independent ego surrounded

by other self-contained egos-- but rather appears as the One-

Nature which includes both the Self and the rest of the universe.

The conventional mode of thought is dualistic; i.e., the ordi-

nary discriminating intellect conceives of the universe in terms

of two opposing poles--the self and the not-self, the observer and

the observed, black and white. But from the viewpoint of Zen

consciousness, the universe appears as One-Nature, and the

seperate and independent existence of each pole of every pair

of opposites is seen to be illusory. Individual objects lose

their seperateness in the apprehension of the One-Nature.

And yet, even this does not tell the story. For 'many'

and 'one' themselves form a pair of opposites conceived by the

discriminating intellect. That which is known by Zen conscious-

ness is that which transcends even this form of dualism. This

is the nature of the Absolute and it is indistinguishable from

the true nature of the self -- the Buddha nature, the face be-
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fore your mother was born.

The Mahayana Buddhists refer to this universe of non-

discrimination as sunyata, "Emptiness," or "the Void." This

ultimate reality is called Emptiness not in the spirit of ni-

hilism, but rather as an assertion that the ultimate reality

cannot be grasped by the discriminating intellect. Ultimate

reality cannot be truly described in terms of a multiplicity

of indeppendent entities, nor can it be objectified and set

apart from the self that describes it.

D.T. Suzuki describes the situation by contrasting

two ways of knowing: intuition (prajna) and discursive reason-
10

ing or intellect (vijnana). Reason can comprehend only the

dualistic relationships of the discriminating intellect and

deals best with abstractions. But since the ultimate reality

transcends all dualistic notions, it cannot be grasped by vii-

nana but must be apprehended directly through prajna-intuition.

Since prajna is not involved with abstractions, which are the

realm of the intellect, the Zen masters do not discourse upon

metaphysical topics in order to convey their insight to their

students, but rather deal in the concrete and the immediate,

that which is grasped by prajna-intuition. For it is as the

concrete and the immediately experienced that the ultimate

reality appears -- not as the metaphysical concept of the Void.

A master once said: "When I began to study Zen,

mountains were mountains; when I thought I understood Zen,
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mountains were not mountains; but when I came to full knowledge
11

of Zen, mountains were again mountains."

That is, the enlightened man does not live in a strange,

mystical world of Nothingness but rather in the concrete, every-

day world of direct experience. But nontheless there is a dif-

ference between what was experienced before satori and that

which is experienced after satori. Although the Zen man en -

counters the same experiences as the unenlightened man, the

Zen master is no longer a slave to the illusions created by

the discriminating intellect. By transcending dualism and

going beyond the process of discrimination he has escaped the

process which begins the causal chain that leads to the suffer-

ing or dukkha which the Buddha saw in the everyday life of

mankind.

This brief survey has introduced most of the topics

relevant to this discussion of the parallels between Zen and

western philosophy. However, since the paradoxical state-

ments of the Zen masters play such a large part in this paper,

it is necessary to take a closer look at the Zen technique of

koan in which many of the paradoxical Zen statements are found.

Closely related to the Zen technique of koan is that

of mondo (questions and answers) which take the form of dialgues

between a master and his pupil in which the master tests the

student's knowledge of Buddhism or brings him to satori. There

are numerous examples of these mondo preserved in Zen stories.
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Particularly sparkling examples of these mondo themselves be-

come koans for later students to puzzle over. A classic ex-

ample:

A monk asked Tozan, when he was weighing some
flax: 'What is Buddha?l2 Tozan said:'This flax
\Weighs three pounds.'

Now, satori is not necessarily a "once-and-for-all"

experience in which one has a blinding flash of illumination

and is transformed from that moment onward. There can be many

levels of satori and one may experience many of these enlight-

ening flashes throughout a lifetime.
13

Isshu Miura has outlined the course of koan study

in Rinzai Zen, in which the student passes through a succession

of different types of koans, first attaining satori and then

deepening it through successive koan studies. First, the stu-

dent passes through the hosshin koans by which he gains his

first glimpse of the void; then the kikan koans, to learn to

manipulate the interlocking differentiations of the phenom-

enal world; the gonsen koans, which involve the study and in-

vestigation of words; the nanto koans, most difficult to pass

through; and finally, the five ranks, which force the disciple

to renew and re-experience all that he has already accomplished.

in order to solve them.

Thus a method appears in the midst of the apparently

bizarre, paradoxical and non-sensical utterances of the Zen

masters. There are different families of koans, each of which
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attacks the illusions of dualistic thinking from a particular

aspect. Yet at the same time each type of koan is directed

from the same point of view -- ultimate reality from the

viewpoint of Zen consciousness. Of course, this system of class-

ification, like all forms of classification, occurs on the

level of the discriminating intellect. These koans, as they

were originally spoken by the masters who originated them,

are the immediate and intuitive expressions of the direct and

unmediated experience of Zen consciousness.

Suzuki has classified the utterances of Zen masters
14

along slightly different lines. There are the paradoxical,

wherein the master simultaneously asserts that the same thing

both is and is not; the denial of opposites, a special case of

the first type (most of the examples quoted in the body of this

paper are of the first two types); contradiction, in which the

master denies that which he himself has explicitly expressed;

irrelevant affirmations, in which the answer bears no rational

relationship to the question; repetition, where the answer is

the same as the question; exclamations; and the direct method,

whereby the master uses a handy physical object, makes ges-

tures or even delivers blows in order to awaken the disciple.

The paradoxical utterances of the Zen masters, then,

can be viewed as techniques for bringing the student's

mind to enlightenment -- by confronting the disciple with par-

adoxes and problems that are self-contradictory, the pupil is
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forced to abandon the intellectual approach to understanding

Buddhism, an essential step in attaining Zen consciousness.

On the other hand, these paradoxes are not "mere" technique,

for the masters themselves are speaking from the point of

view of this non-dualistic consciousness but are forced to use

dualistic concepts in speaking about them through the medium

of language. It is because language itself is dualistic and

because the writings of the Zen masters are viewed from the

point of view of the dualistic mind of the student, that the

statements appear to be paradoxical. From the pount of view

of Zen consciousness, the paradox is seen to be no paradox

at all.

Certainly, at first sight, Zen Buddhism appears to

be something quite foreign to the philosophy of the west with

its emphasis upon logic, rationality, and scientific explana-

tion.

Perhaps the most obvious place to begin seeking par-

allels between Zen and the west is in the realm of religious

experiences reported by Christian mystics. Although both

speak of One-ness, is the Christian's experience of mystical

union with God the same as the Zen Buddhist's experi-

ence of satori? One cannot help but feel that these experiences

are closely related to each other, but there are differences

in the way in which those who have experienced them speak

about them. George Thomas has pointed out that for the theistic
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mystic, however close the union between his soul and God in

in the mystical experience may be, he remains a finite being
15

distinct from the infinite God." iWhere the Zen master does

not hesitate to identify any two distinct entities in the ex-

perience of the Void, the Christian mystic holds something

back.

Certainly this difference is not unexpected, consider-

ing the vast differences of theology and philosophy that form

the psychological backgrounds for the two experiences. The

theist, no matter how deep his experience, sees blasphemy in

the assertion that he is himself God. Yet, when Eckhart says,

"Call it ... if thou wilt an ignorance, an unknowing, yet

there is in it more than in all knowing and understanding with-

out it, for this outward ignorance lures and attracts thee from
16

all understood things and from thyself," one can see in this

unknowing something of the Zen way of knowing through praina-

intuition.

One can also see traces of Zen in the writings of the

existential philosophers -- with their emphasis upon the crea-

tive role of the self in the construction of reality and their

talk of the experience of gaining existential awareness (c.f.

Camus, The Fall).

Kierkegaard, for example, whose "existential leap"

is often cited as a western parallel to satori, places great

stress upon the need to "become a subject" in order to reach a
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17
truth that can never be apprehended by thinking "objectively."

In this one can see a suggestion of the Zen exhortation to

seek the truth within one's own nature and of the Zen insistence

that the truth can never be comprehended by the rational, "ob-

jective" intellect.

On this same woint, Heidigger says of logic, "Exact

thinking is never the strictest of thinking, if the essence of

strictness is the strenuousness with which knowledge keeps in
18

touch with the essential features of what-is." And in his

discussion of Nothingness, he urges that we "equip ourselves

and make ready for one thing only: to experience in Nothing 19

the vastness of that which gives everything the warrant to be."

In the first quotation, Heidigger suggests something of the

Zen demand to go beyond conceptual thinking, and in the second,

one can see echoes of the Mahayana doctrine of sunyata.

Most existentialist writings are taken from the view-

point of phenomenology -- a philosophical method which begins

from experience as it is actually experienced. Thus Sartre,

for example, iticizes philosophical theories based upon no-

tions of "sense data" or other abstract concepts which are not

Dart of experience as it is lived. In this there is a hint of

the Zen method of teaching which relies upon conctete instances

of immediate experience, rather than upon metaphysical specula-

tions. Of course, there are important differences between the

phenomenological meaning of "immediate" and the immediacy of
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Zen experience. Phenomenology still involves logical analysis

and metaphysical theorizing. (Kierkegaard, for one, did not

believe that any truly immediate experience was possible).

In spite of their use of metaphysical systems, these philosophers,

with their emphasis upon a revealatory existential experience,

the importance of subjectivity, and the need for a kind of know-

ledge that goes beyond logic, showsome significant similarities

to the Zen Buddhists.

But the parallels between the Zen Buddhists and western

philosophy are not restricted to the mystics and the existential-

ists. Surprisingly, the fields of modern physics and mathemati-

cal logic have in the last few decades produced results reminis-

cent of the teachings of Zen. The bulk of this paper is con-

cerned with investigating the parallels between these disci-

plines and Zen Buddhism.
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Chapter II

Zen and the Philosophy of Science

At first sight, no two categories of human endeavor

would appear to be more distinctly seperate than the practice

of modern science and the practice of Zen Buddhism. One car-

ries with it associations with the ritualistic trappings of

the Buddhist temple -- ritual chanting and long hours of med-

itation. The other carries associations with the modern labor-

atory -- antiseptic environment, precise measurement and com-

plex mathematical formulas. And yet there are certain aspects

of modern science -- held up as the apex of western rationalism

that carry with them echoes of the utterances of the Zen mas-

ters. These analogies appear in certain aspects of the philo-

sophical atitude encomoassed within science, in the creative

act of generating scientific theories, as well as in the para-

doxical results associated with the interpretation of modern
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physics, particularly in quantum mechanics.

Philosophically, both Zen and Physics are rooted in

the concrete ground of immediate experience. Although each

involves a particular frame of reference which it imposes upon

that which is experienced, one cannot understand either one

of them except by reference to the world of experience.

An example which illustrates this point is the status

of metaphysical statements in both disciplines. A.J. Ayer,

addressing the question as a philosopher of science, introduces

the criterion of verifiability. In order to determine whether

or not a given question is meaningful, "We inquire in every

case what observations would lead us to answer the question,

one way or the other; and, if none can be discovered, we must

conclude that the sentence under consideration does not, as
1

far as we are concerned, express a genuine question." Thus,

a "meaningful question" is one that can be answered by reference

to experience. Ayer classifies all traditional metaphysical

questions with the "meaningless" and suggests that they arise

from the structure of language rather than from observations

of the real world. The "concept of substance," for example,

arises from confusing the grammatical necessity that every

sentence have a subject with the ontological necessity that

there be some "thing-in-itself" which corresponds to the gram-
2

matical entity.

Of course, one could argue that the positivistic ap-
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proach presented by Ayer is too extreme, and is not truly re-

presentative of scientific practice. Ayer rather sweepingly

excludes all questions as metaphysical that are not, in prin-

ciple, verifiable by his criterion; in so doing, he assumes

that all of the conclusions that can be derived from a given

statement are known and that the"principles" by which these

conclusions may be verified are timeless and independent of

the state of science at a given time.

But Ayer's position, in its extremity, has the advan-

tage of clearly expressing the need for reference to the realm

of experience in the making and testing of scientific statements.

No theoretical explanation, no matter how logical, can count

as scientific unless the theory is itself verifiable by exper-

ience in the physica. world. A statement which truly has no

consequences which refer to that which is experienced is thus

excluded as metaphysical, as so much empty noise.

The practice of the Zen masters in rooting their teach-

ings in the concrete ground of direct experience is well-docu-

mented, Traditionally, the Buddha passed on his teaching to

Mahakasyapa by holding up a golden flower, and Zen masters

often punctuate their teachings by waving (or sometimes smash-

ing) ordinary objects, ringing bells, slapping faces and

pointing out the most mundane things. Nor are they at all

reticent about discouraging metaphysical speculations and

driving their pupils' minds back to the concrete. For ex-



26

ample:

Murata-Shuko, one of the most eminent tea-
masters of his day, visited Ikkyu and was
asked what he thought of master Joshu's
well-known reference to tea drinking.
Shuko made no reply and at last, Ikkyu
served him a cup of tea.

As Shuko lifted the cup to his lips,
Ikkyu suddenly let out with a kwatz
and smashed the cup with his iron nyoi.

Shuko made a deep bow.
'What are you like,' Ikkyu asked, 'when

you've no intention of taking tea?'
Without answering, Shuko got up and

moved toward the door.
'Stop,' Ikkyu called, 'That are you like

when you've taken tea?'
'The willow is green,'Shuko said,'the

rose is red.'
Ikkyu, approving Shuko's grasp of Zen,

smiled broadly.3

Or the following:

A monk asked Joshu, 'I read in the Sutra
that all things return to the One, but where
does the One return to?' Answered the master,
'When I was in the Province of Tsing, I had
a robe made which weighed seven chin.'

The first story quoted is an example of Zen dialogue

which never once refers to any abstraction which might be called

a principle of Buddhism but rather is carried on entirely in

the concrete -- by both word and act. The second example shows

the Zen master Joshu's response to the metaphysical question

of his student -- his response is not in metaphysical terms

but rather in the concrete -- driving the student's mind away

from such pointless speculation.

Of course, it is a long leap from the logical positiv-

ism of Ayer to the Buddhism of Joshu and Ikkyu. Although both
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shun the metaphysical, Ayer demands a straightforwardly logi-

cal connection between a meaningful utterance and that which

can be seen or felt. For the Zen masters, on the other hand,

it is not at all clear to the logical mind just what the con-

nection is between smashed tea-cups, red roses and Buddhism.

The truth transmitted by Zen is beyond logic and language, and

one cannot expect to understand these statements by applying

a criterion like Ayer's which is based upon logical analysis.

But nontheless, the Zen mind, is concerend with the experiences

of the phenomenal world, with the happenings of everyday life.

Ma-Tsu refers to the enlightened mind as the "everyday mind:'

"The grasping of the truth is the function of everyday_ minded-

ness. Everyday mindednessis free from intentional action,

free from concepts of right and wrong, taking and giving, the

finite and the infinite." Thus, where Ayer demands that the

concrete be amenable to description in a logical framework,

the Zen masters speak from a state of mind that transcends the

need for this kind of framework and sees the higher reality in

everyday experiences.

But if it is a dogma of the scientific credo that

the world of experience can be described in terms of a pattern

that follows the laws of logic, these laws are not adequate to

describe all of the activities that one associates with scien-

tific investigation. Although Ayer is not wrong in saying that

the phenomenon that are explained by science are explained by
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virtue of the fact that these observables can be deductively

derived from the principles of scientific theories, one might

well ask whence come these deductive principles?

In general, it is not the case that scientific theor-

ies follow deductively from the observations which they pur-

port to explain. In this sense, there is something in scien-

tific activity which is itself beyond the laws of logic.

DeMorgan has pointed out the difficulty of describing the act

of generating scientific hypotheses in logical terms in the

following story:

A hypothesis must have been started...not
by rule but by that sagacity of which no de-
scription can be given, precisely because the
very owners of it do not act under laws per-
ceptible to themselves. The inventor of hypo-
thesis, if pressed to explain his method,
must answer as did Zerah Colburn 5 Vermont
calculating boy of the early nineteen-hundredg
when asked for his mode of instantaneous cal-
culation. When the poor boy had been bothered
for some time in this manner, he cried out in
a huff, 'God put it 6into my head, and I can't
put it into yours.'

Not all writers, however, are content to relegate

the problem of generating scientific hypotheses to the realm

of intuition. Hanson, for example, writes, "It is not so often

affected by intuition, insight, hunches or other imponderables

as biographers or scientists suggest." Hanson insists that

the dawning of a scientific hypothesis that will explain a

number of previously unexplained observations is itself a

reasonable process and that there is nothing mystical about
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it.

The situation is describable in terms of the classical

hypothetico-deductive model of scientific experimentation. To

explain some set of phenomena, the scientist tentatively pos-

tulates some hypothesis, which, if it correctly explains these

phenomena, will have these phenomena among its logical conse-

quences. One then derives, by the usual rules of logic, the

observed effects from the hypothesis. The most desirable

hypotheses, of course, have additional logical consequences

which are open to experimental test. Hanson insists that ar-

riving at the correct hypothesis is not a matter of intuition

but rather a particular form of reasoning which he calls retro-
8

duction. Now, about this process of retroduction he says little

beyond naming it and affirming that it is an entirely different

process from that of either inductive or deductive reasoning.

Rather, he asserts, almost as an article of faith, that since

it is possible to produce a hypothesis which will logically

imply the desired results (without itself being implied by

these results) that this process must itself be rational.

Beyond this, he is only able to illustrate what he means by

examples drawn from the history of science, and these examples

serve mainly to show that there is a certain amount of trial-

and-error involved in this process and along with it, a large

amount of creative genius.

But if this process of retroduction is not logical

in the sense of deductive logic, it certainly can be said to
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go beyond the laws of logic and to involve a form of insight

which transcends the limitations of the strictly logical ap-

proach. Since there is no rule which will generate the cor-

rect hypothesis, the scientist may study his data for months

or years without ever hitting upon the key which will tie to-

gether the unexplained phenomena in a coherent pattern. And

yet, since scientific hypotheses do sometimes explain the da-

ta that they are supposed to explain, it is also possible that

the scientist will experience, in a flash of intuition, the

pattern which he seeks.

But there is certainly something in the above descrip-

tion which is analagous to statements made about the practice

of Zen. Just as the mind of the scientist must make the leap

from what he observes to the scientific hypotheses which he

seeks without following the rules of logic, so also must the.

student of Zen make the non-logical leap of satori from the

everyday mind of normal consciousness to Ma-Tsu's "everyday-

mind" of the enlightened man. Suzuki writes, "Satori is not
9

a conclusion to be reached by reasoning," and "Satori may be

defined as an intuitive looking into the nature of things in

contradistinction to the analytical or logical understanding

of it,...Our entire surroundings are viewed from quite an un-
10

expected angle of perception."

It is true that the scientist's mind does not leap

into an understanding of the essence of Buddhism, but often,
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even in genuine satori experiences, neither does the mind of

the Zen disciple. As Ruth Fuller Sasaki points out, "There

are greater and lesser satorits, and this also parallels the

intuitive leap involved in scientific discovery. One can see

an analogy in Hanson's charcterization of the formation of sci-

entific hypotheses as a step-by-step process of trial and error

in which one gradually approaches the correct hypothesis to

Wienpahl's chracterization of "Ladder Zen," wherin, "At cach

step the student sees logic in something in which he saw only
12

contradiction before." The difference between producing an

"ordinary" hypothesis which corresponds to the currently accep-

ted theoretical structure of science and producing a revolution-

ary hypothesis, such as Einstein's Theory of Relativity, is

analogous to the difference between greater and lesser satori.

Thus, in spite of such attempts as Ayer's to chracter-

ize science as a purely formalized system describable by the

laws of logic, science remains a human means for seeking truth,

which, like Zen, is rooted in actual experience. The need for

some non-rational or at any rate non-logical form of insight

remains a key feature of science as well as of Zen Buddhism.

Margaret Masterman has suggested that this kind of

scientific discovery can be, along with Christian revealation

and Zen satori, can be described under the general heading of
13

"revealation,"and that all three of them are simply different

examples of the same human experience. Masterman's view ex-
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tends the analogy between Zen and the philosophy of science

even further. She illustrates her thesis with the example of

George Boole's discovery of Boolean Algebra and the formula-

tion of its axioms.

For Masterman, Boole's discovery of Boolean Algebra

can be described as a change in the level of his consciousness,

and that it is from this higher level of consciousness that

Boole was able to see logical relationships expressible in

terms of a new form of mathematics. The axioms of his alge-

bra (x*x = x and xn = x )then become the koan which Boole pre-

sents in order to enable others to experience this new level

of consciousness for themselves.

Masterman's argument for the koan-like nature of these

axioms is precisely their unintelligibility in terms of ordi-

nary algebra. If one views Boole's axioms in terms of ordinary

algebra, one obtains results that are illogical and contradic-

tory. But once one has made the leap into Boolean Algebra

(and according to Masterman, into the state of consciousness

which Boole himself must have experienced in order to create

them) one can make sense out of these equations, and what once

appeared to be contradictory now appears as simple and logical.

Zen writers have made similar statements concerning

the progress in understanding that the Zen student makes as

he pursues the study of koans. Wienpahl, for example, says:

As the student takes step after step he appre-
ciates the fact that there is nothing ili.ogical
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in Zen. It is the student who is illogical,
and he is so only because he cannot see the
logic of the matter. On the other hand, he
comes to see its logic not by ratiocination
but by living through thg paradoxical, by
taking steps on his own.T4

And Ruth Fuller Sasaki writes:

When the koan is resolved, it is realized
to be a simple and clear statement made from
the state of consciousness which it has
helped to awaken. 1 5

And D.T. Suzuki says:

What the koan proposes to do is to devel-
op artificially or sytematically in the con-
sciousness of the Zen follower what the early
masters produced in themselves spoontaneously.16

From the above remarks, one can see the analogy that

Masterman intended to ioresent. However, just as in the case

of the status of metaphysicai statements, one feels that some

caustion must be exercised here. Although one must make a

leap into a different consciousness in order to create (or as-

similate) a new scientific theory, this new level of conscious-

ness is still not the consciousness of post-enlightenment Zen.

Although it may, perhaps be a step to another ring on the lad-

der, these scientific theories still maintain a dualistic

point of view. The scientist remains an observer detached, at

least philosophically, from the universe which his system at-

tempts to describe. The task of understanding a scientfic or

mathematical theory remains by and large the intellectual task

of dealing with complex abstractions -- the province of the

vijnana-intellect rather than that of prajna-intuition. Although
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there is an intuitive leap involved in apprehending Boolean Al-

gebra, it nontheless remains a logical system made up of ab-

stract entities -- something that appears to be very far from

the "everyday-mind" of the Zen master.

And yet, the parallels betieen. ientific thought and

Zen Buddhism are far from exhausted. It is not only in the

criterion for formulating scientific theories that one finds

analogies with the i-rajna-intuition of Zen, but also in the

theories which result from these practices. In particular,

many of the conclusions set forth in the interpretation of

quantum mechanics make it possible to extend the analogy to

a level that is deeper than that suggested in this chapter.
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Chapter III

Zen and Quantum Physics

Part I: The Interpretation of Quantum Mechanics

Although the concepts presented in the previous chapter

revealed some parallels with the teachings of Zen Buddhism,

they did not take us beyond the realm of logic into the kinds

of paradoxical statements that one associates with the Zen mas-

ters. However, if one turns his attention to the realm of phys-

ical ohenomena which occur on the scale of the very small --

the realm of quantum physics -- one begins to see some very

paradoxical results.

A fairly simple example will serve to illustrate the

kind of paradoxes involved and to introduce some of the rele-

vant concepts of quantum physics. Consider the fol 1owing two

experiments designed to reveal certain aspects of the nature
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of light.

The first of these experiments involves the photo-

electric effect, the explanation of which by Einstein in 1905

was an important step in the development of the quantum mechan-
1

ics. When ultra-violet light shone upon the surface of certain

metals, electrons were emitted from the surface. One could

attempt to describe this phenomenon using the wave theory of

light, saying that the electro-magnetic radiation sets electrons

near the surface of the metal into1ution and that some of these

move so rapidly that they escape. From the wave theory, one

would expect that more intense light would cause the escaping

electrons to have more energy and that the frequency of the

light should be insignificant as long as the intensity is high

enough. But in fact, what is observed is that the energy of

the escaping electrons is independent of the intensity of the

light (although a greater intensity causes more electrons to

escape) and that higher-frequency radiation causes the electrons

to fly off more energetically. Einstein showed that these ef-

fects could be explained by assuming that light consists not

of a wave front but of a stream of photons -- massless particles

that carry energy proportional to the "frequency" of the light.

The intensity of the light is then simply proportional to the

number of photons that make up the stream.

Now, contrast this result to the result of another

experiment involving the well-known phenomenon of wave inter-
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ference. If one shines a well-focused beam of light upon a

flat surface containing two slits, one observes the classical

interference pattern caused by the alternate reinforcement and

cancellation of the two wave fronts that emerge from the oppo-

site of the two slits. However, if one accepts the result of

the photo-electric experiment and assumes that light can be

treated as a stream of massless particles, how does one explain

the appearance of this interference pattern? If light is sim-

ply a stream of particles, one would expect that the result of

passing a light beam through two slits would simply be the

sum that one would obtain by adding the intensity of the light

at each point on the screen with one slit open to that observed

with the other slit open and the first one closed. But this

result is not observed. Rather, one sees projected upon the

screen beyond the two slits the interference pattern that one

would predict from the wave-picture of light.

How is one to explain this result? It appears that

whether light consists of waves or particles depends upon the

particular experiment that someone decides to perform upon it.

Moreover, this peculiar dependence upon the method of obser-

vation for the result of a scientific experiment does not

vanish in the quantum-mechanical description of the experiment.

Rather, quantum physics makes this dependence even more prob-

lematic.

Since the mathematical complexities of quantum-mechan-
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ical calculations are irrelevant for the purposes of this pa-

per, only a brief sketch of the procedure, emphasizing the

most relevant features, is presented here. Basically, ob-

servable quantities are represented by mathematical operators

which operate upon "state functions" in order to form the math-

ematical equation which gives a quantum mechanical statement

of the experimental situation. The quantum description differs

from a classical description in two important ways. First of

all, certain observable quantities are seen to be "quantized,"

that is capable of taking on only certain discrete values as

opposed to varying continuously as in classical physics. Second,

by mathematical manipulations of the -state functions, one

is able to derive a number which corresponds to the probability

of a particle being found within a unit volume at a particular

point in space; one is not able to predict with certainty the

particufar point in space where the particle is located.

Now, according to the Copenhagen interpretation of

quantum physics .developed by Bohrand Heisenberg (and generally

accepted, with some exceptions, as the standard interpreta-

tation), this probability function can be connected with real-

ity only if one essential condition is fulfilled: "if a new

measurement is made to determine a certain property of a system."

One cannot make, on the basis of quantum mechanics, statements

about what happens to a given particle between observations.

Consider Heisenberg's view of the interference exper-
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iment discussed above. From the state function for this ex-

periment, one will be able to calculate a probability distribu-

tion for the photons on the screen which corresponds to the

distribution of light intensity predicted by the wave picture.
4

According to Heisenberg, the difficulties begin to arise when

one tries to talk about the behavior of the photons during the

time that they are not observed. That is, assume that every

photon that passes through the apparatus and hits the screen

has passed through either one slit or the other. If one con-

siders only those photons that have passed through the first

slit, their distribution on the screen should be given by a

probability distribution that is independent of whether or not

the second slit is open. Conversely, the distribution of only

those photons that pass through the second slit should be given

by a function that is independent of wAeate or not the first

slit is open. The resulting pattern, with both slits open, then

would logically be simply the result of adding the intensities

that one observes by having each slit open with the other closed.

Instead, the calculated distribution, which corresponds to the

observed result, is the familiar interference pattern.

According to Heisenberg, the error in the above ana-

lysis comes from the assumption that each photon must have

passed through one slit or the other. This is the statement

that leads to contradicions and it is not allowed in the quan-

tum mechanical description of the experiment, since it refers
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to what happens between observations.

To clarify this, one can consider two possible states

of the experimental system described above: State-1 with one

slit open and State-2 with both slits open. For State-I it is

permissible to talk about the photons that have passed through

that particular slit, since those are the photons that are ob-

served and thus are described by quantum mechanics. in 9tate-2

however, it is only permissible to talk about the observed

photons -- those which hit the screen and whose distribution

is accurately predicted by quantum mechanics. One can make

no statements about the photons having passed through a partic-

ular slit, since no observation is made of the photons passing

through the single slit.

This is certainly a paradoxical result; indeed, it

flies in the face of logic. Any path through the apparatus

to the screen must pass through one of the two slits; yet, it

is meaningless to talk about a photon passing through either

one slit or the other. Moreover, this result emphasizes the

observer-dependence of quantum mechanical experiments. In

Heisenberg's own words, "the reality varies, depending upon

whether we observe it or not."

Moreover, there is an important sense in which the

quantum mechanical description does not escape the wave-particle

problem described in the first presentation of the interference

experiment. One of the early steps in the development of quan-
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tum mechanics was DeBroglie's introduction of the concept of
6

matter=waves. DeBroglie reasoned that very light particles,

such as electrons and protons, should behave in a manner simi-

lar to massless photons. The success of DeBroglie's hypothesis

is attested to by the observation of diffraction and inter-

ference phenomena involving particles such as the electron.

The formal system of quantum mechanics which is used in actual

calculations was developed by Schroedinger from the work done

by DeBroglie. If one wishes to interpret quantum mechanics

in terms of these matter-waves, one considers the amplitude

of the "state functions" as the amplitude of these matter waves.

Now it makes no difference insofar as the mathematical

calculations are concerned whether one wishes to interpret the

"state function" as a probability function that deals with the

location of particles in space or whether one considers it to

be a wave-function that deals with the amplitude of a wave-

form. Problems arise, however, when one attempts to interpret

quantum mechanical descriptions on a level that corresponds to

the reality of a given observation. One cannot arbitrarily

say, "Quantum events are wave phenomena," since one could not

explain such observations as the photo-electric effect. Nor

can one say, "Quantum events involve interactions between par-

ticles" without running into the difficulties which Heisenberg

has pointed out, when one attempts to describe what "happens"

to these particles in the interference experiment. What then
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can one say in answer to such questions as "Is an electron a

wave or a particle?" The two concepts are mutually exclusive

and yet both are required if one is to provide a complete de-

scription of the interactions involving the electron or any

other entity that is describable in terms of quantum mechan-

ics.

It is important to keep in mind that such concepts as

"particle" and "wave" come not from quantum physics but rather

from the language of classical physics, which Heisenberg points

out, "are just a refinement of the concepts of daily life and

are an essential part of the language which forms the basis
7

of all of natural science." That is, these classical concepts

form the framework in which the experiments themselves are de-

scribed, and one demands of an interpretation of quantum mechan-

ics that it provide a means for describing the results of these

experiments in the same language which one uses to describe

the experiments themselves. Moreover, as an acceptable scien-

tific theory, quantum mechanics fulfills the "boundary condi-

tion" that the classical concepts are special, limiting cases

of the quantum mechanical phenomena. This boundary condition

is essential, since otherwise, one would have two incompatible

scientific theories being used to describe the same phenomenon.

For example, one of the most important features of

quantum mechanics is that it allows certain observable quanti-

ties to take on only certain discrete values. For instance,



the energy of an electron in an atom cannot vary continuously

over some range but rather must be an integral multiple of

some value of energy. This integer, called a "quantum number"

specifies the energy state of the system being described. Now,

when one moves into the realm of macro-physics, this quantization

is not observed. The explanation for this is not th.t there

is a different set of physical laws which describe events in

the macro-world, but rather that for macroscopic systems the

quantum numbers are very large and the unit of quantization

relative!y small so that the range of possible enrgies is so

close to continuous that the quantization is not observed. The

macroscopic world is built up out of quantum mechanical systems.

The need to describe quantum phenomena in the language of clas-

sical physics is a cornerstone of the Copenhagen interpreta-

tion.

Niels Bohr uses the word 'complementarityl to describe
8

the "relation of mutual exclusion, "that holds between two clas-

sical concepts used to describe the same quantum phenomenon.

Thus, "wave," and "particle," are complementary concepts, nei-

ther one of which is by itself sufficient to fully describe

the behavior of very small entities. The concept of complemen-

tarity is not restricted to the wave/particle description, but

rather is a theme which recurs often on many different levels

of the description of quantum phenomena.

Complementarity, for example, appears in a somewhat 4i4ete-o
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form in relation to Heisenberg's uncertainty principle. As

Heisenberg puts it, "The knowledge of the position of a par-

ticle is complementary to the knowledge of its momentum. If

we know the one with high accuracy we cannot know the other
9

with high accuracy." Heisenberg illustrates the uncertainty

principle with a hypothetical experiment involving a gamma-
10

ray microscope. The only way to determine the position of a

small particle, such as an electron, is by the interaction of

the electron with some other particle or with a wave-front.

Now, a wave cannot specify the position any more closely

than the actual wavelength of the radiation used. However, be-

cause of the laws of diffraction, there will be an uncertainty

in the measurement of the scattered radiation inversely propor-

tional to its wavelength. This uncertainty in momentum in turn

corresponds with the uncertainty in the momentum of the observed

electron. Thus, the more precisely one determines the position

of a particle, the greater the uncertainty in the determination

of that particlets momentum. A similar complementary relation-

ship holds between the determination of a particle's energy

and the determination of the time that the particle spends in

that particular energy state. Thus, a particle can never be

precisely located in snace and time, since such a precise lo-

cation would leave the particle's momentum and energy complete-

>y undetermined. Note that the uncertainty relations requite

that quantum--mechanical descriptions give probabilistic, or at
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least uncertain, determinations of the energy and momentum states

of a particle, since if they were to give precise descriptions

of these states, they would leave the particle's location in

space and time completely undetermined.

An important philosophical point about this indeter-

minacy in space and time is that it is an intrinsic feature

of the quantum mechanical description of nature. These uncer-

tainties are not simply limitations in the state of the art of

measurement but limitations of the very concept of measurement.

The scientist's uncertainty about the location of a particle

is of a different nature than his uncertainty about, for example,

the weight of a macroscopic object. On a macroscopic scale,

the quantum mechanical uncertainties are so small as to be

negligible and the limitations of determining the weight will

be the limitations of the particular scales used for making

the measurement. But the quantum mechanical uncertainties can

never be removed (or reduced) by simply increasing the precision

of the measurement technique.

One can apply Bohr's principle of complementarity in

order to understand the uncertainty principle itself. That

is, one could consider the particle whose position is to be de-

termined to be a matter-wave. In this light, the uncertainty

in position is simply due to the wave nature of the entity to

be located -- one cannot specify the location of a wave to any

degree of accuracy smaller than the actual wavelength. This
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point of view helps to illustrate the point that these uncer-

tainties refer to uncertainties in the very strucure of nature.

But if the uncertainty relations are taken as intrin-

sic to the structure of the universe, this requires a revision

of the concept of causality. In the view of classical physics,

the universe is a causally determined mechanism, and complete

knowledge of the state of the universe at a given instant in

time is tantamount to knowledge of all states of the universe,

past or future, as well as the present. But the uncertainty

relationships state that there is no way to precisely specify

a given state of the universe for a given time and, moreover,

that the quantities of energy and momentum, which are essential

to the specification of a physical state, are complementary

to the determination of location in space and time. Moreover,

since the only predictions that the physical theory makes about

observable ihenomena are described in terms of probability

functions, the classical notion of a causally determined uni-

verse begins to collapse.

This is not to say, however, that there is no sense

in quantum mechanics in which the notion of causality is re-

tained. The state function itself can be written as a time-

dependent mathematical expression whose value is determined

at every point in time. But, as has been pointed out above,

the state function itself cannot be connected with reality

unless some observation is made. Niels Bohr has described
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the situation:

Under such circumstances one may be able
to apply the concept of causality but the
concepts of space and time 'lose their im-
mediate sense!' On the other hand, if con-
ditions are arranged such that contact can be
established between the system and some measuring
instrument, then one may use the space-time
concepts yet no longer ascribe a state to the
system and 'there can be no question of' causal-
ity in the ordinary sense of the word.'ll

Thus the concept of space-time and the concept of

causality appear as complementary concepts. This form of com-

plementarity is also illustrated by the two slit interference

experiment. One can choose to calculate the probability func-

tion either at the screen, where the interference pattern is

observed, or at the slit where the light waves pass on their

way to the screen. But one obtains a different value for the

probability function depending upon where the observation is

made; this difference is not metaphysical, since the differing

predictions do appear as observed results. And yet, one can-

not assign a causal connection between the two observations

made at different points along the "path" of the photons, since

the state-functions for the two observational cases are dif-

ferent. This exaxrDle shows that the quantum mechanical attack

on the concept of causality goes deeper than a mere weakening

of causality by the introduction of statistical laws.

Again and again, the role of the observer intrudes

upon the quantum mechanical description of a system. But,
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the role of the observer is simply that of recording the phys-

ical effects that result from the inter-action of the system

that is being studied with the apparatus, or measuring instru-

ments, used to study the system. Can one eliminate the paradoxes

of complementarity by generating a quantum mechanical description

that includes both the experimental system to be observed and

the measuring apparatus itself? If the paradoxes arise, as

Heisenberg suggests, from the description of quantum phenomena

in classical terms, this suggests that what is needed is a quan-

tum description of the entire experiment, including the measur-

ing apparatus, in order to eliminate the need for describing

the experimental results in classical terms.

One can, to be sure, give a quantum mechanical descrip-

tion of the measuring apparatus, thus incorporating the appara-

tus itself into the quantum system that is being studied. To

a certain extent, the boundary between the observed system and

the observing apparatus is arbitrary and, therefore, movable.

However, simply shifting this boundary does not eliminate all

of the problems involved in complementarity. Bohr has shown

that this procedure "will not influence the uncertainty in the
12

description of the object." That is, since the uncertainty re-

lations remain intact, causality and space-time remain as com-

plementary concepts. Moreover, at some point even this extended

system must come into contact with the rest of the universe,

which is described in classical terms, for otherwise, there
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would be no way of obtaining information from it. Shifting

the system/instrument boundary to include the measuring appa-

ratus does not eliminate the boundary problem which requires

the description of quantum phenomena in classical terms,

which is the source of the paradoxical results, but rather

simply shifts the location of the boundary.

But if the movability of the system/instrument boundary

suggests that there is something arbitrary about the boundary

itself, Bohr has pointed out that the placement of this boundary

is not entirely arbitrary. The definition of the object is

not made by an arbitrary whim of the experimenter but is rather

made by the background of questions which has necessitated the

experiment in the first place. A scientific experiment will,

in general, be designed to test a specific hypothesis about a

particular phenomenon or class of phenomena. It is the ques-

tion of the acceptability of this hypothesis which defines the

object of the experiment.

One can never entirely eliminate the element of sub-

jectivity involved, since no experiment tests some phenomenon

by itself, entirely isolated from the rest of nature. "What

we observe is not nature in itself but nature exposed to our
13

form of questioning."

Bohr felt that the question about the arbitrariness

of the system/instrument boundary in quantum mechanical

descriptions illustrated important features of the more gen-
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eral problem of the division of the world into subject and ob-

ject which is necessary for any description of human knowledge.

Bohr felt that the relation of complementarity was "the domi-

nant feature in all fields where describing experience requires

considering the conditions under which experience is gained,"

and that "instinct and reason, individual and society, compas-

sion and justice" were all examples of complementary rela-
14

tions. And from the general applicability of complementar-

ity, he drew far-reaching conclusions:

From these circumstances follows not only
the relative meaning of every concept, or ra-
ther of every word, the meaning depending upon
our arbitrary choice of viewpoint, but also
that we must, in general, be prepared to accept
the fact that the complete elucidation of one
and the same object may require diverse pints
of view which defy a unique description. '2

Complementarity thus appears not as a defect in the

quantum mechanical description of nature but rather as a gen-

eral feature of human knowledge. Complementarity results from

the partitioning of the universe into subject/object categories,

which is required not only by the Copengahen interpretation's

demand for an interpretation of quantum mechanics in classical

terms but also for any by-tem which attempts to give an objec-

tive description of nature.

Although it may appear contradictory to call these

quantum mechanical descriptions "objective" after taking so

much space to point out the role of subjectivity in them, this



52

apparent contradiction can be resolved by considering more

precisely what is meant by "subjectivity" in these descrip-

tions. Quantum mechanics gives objective descriptions in

the sense that it describes results that are independent of

the particular observer who performs the experiment. They

are subjective in the sense that some account must be given

of the experimental conditions of the observation. However,

in the process of making these observations objective, one

must forsake the hope of providing a unique description of

the particular object that is being studied. Rather, one must

use complementary, i.e. mutually contradictory, descriptions

of the same object under different experimental conditions.

These descriptions are subjective in the sense that one set

of observations will give results that are tontradictory to

those given by another set of observations -- even though both

sets are made up of valid observations. The language of clas-

sical physics is objective in the sense that it describes systems

without any reference to the observer or conditions of obser-

vation -- classical systems by their nature are not affected

by the kinds of observations that one makes of them. The quan-

tum mechanical descriptions do not display this kind of objec-

tivity, and when one begins to use the classical, objective

Language to describe quantum phenomena, one finds it necessary

to make use of complementary concepts in order to describe all

the asoects of a given quantum phenomenon.
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Another aspect of contemporary physics that is rele-

vant to the present discussion is Dirac's "hole" theory of
16

matter creation and annihilation. In 1928, Dirac formula-

ted a quantum theory of the electron in conformance with Ein-

stein's Theory of Relativity. The mathematically derived for-

mula for possible energy values of the electron predicts nega-

tive energy values, which do not appear in the classical descrip-

tion. According to Dirac, these electrons with negative ener-

gy uniformly fill all of space, with infinite density, and are

undetectable in their negative enerby-state. If one of these

electrons is raised to a positive energy level, a "hole" is

left in this continuum of negative-energy electrons. The elec-

yron, now possessing positive energy, becomes observable and

the "Hole" in the continuum appears as a positive particle,

just as a bubble in the seaappears as an object to a fish,

which ignores the presence of the sea itself.17 Thus, two

particles appear where there were none before -- the electron

and the "hole" in the substratum which appears as a positron

or anti-electron. This process can be reversed when an elec-

tron collides with a positron and both disappear in a flash

of 'bnnihilation radiation." This reverse process is described

by Dirac's theory as an electron falling into a "hole" in

the substratum, and the "annihilation radiation" releases pre-

cisely the amount of energy that the electron must lose in

order to fall from its positive energy state to the negative
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energy-state of the substratum. So strange did this prediction

of anti-particles appear that it was first considered a flaw

in Diracts theory until the positron was actually observed

by Anderson in 1932.

Dirac's prediction of anti-matter certainly presents

a novel view of material objects. Subsequent experimental dis-

coveries revealed that the existence of an anti-particle is

not unique to the electron but rather that each of the elemen-
18

tary particles has associated with it its own anti-particle.

These elementary particles make up the "stuff" out of which

physical objects are made. Dirac's theory suggests that all

matter is created out of some imperceptible substratum ana-

that the creation of matter leaves behind it a "hole" in

this substratum which appears as anti-matter. Now, this sub-

stratum itself is not accurately described as material, since

it uniformly fills all space and is undetectable by any obser-

vation, In a sense, it appears as nothingness -- immaterial,

undetectable and omnipresent. But it is a peculiarly material

form of nothingness, out of which all matter is created.

In summary, one can see that the present-day viewpoint

of micro-physics contains many features which are alien to the

classical and the common-sense views of the world. Although

Einstein's earlier theory had already introduced the observer

into the results of' physics and undermined the absolute no-

tions of space and time, the world of micro-physics, with its
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paradoxical results, shows these features most clearly. Ob-

jects are seen to have mutually-contradictory properties, each

of which appears under different experimental conditions.

Causality and location in space and time appear as complemen-

tary concepts, and any description which includes one of them

excludes the other. Relativistic quantum mechanics presents

a theoretical picture in which every particle has associated

with it its opposite particle, corresponding to a "hole" in

the substratum out of which the particle has risen. The ex-

istence and non-existence of various properties appears to de-

pend upon whether or not they are observed, and nothing possesses

an exact location in space and time. Phenomena can no longer

be adequately described by straightforward use of the objective

language of classical physics.
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Part II: Some Parallels with Zen Buddhism

The speech and actions of the Zen masters are all

part of the technique which they use to "point the way." The

Zen master wishes to instill into his students a new conscious-

ness -- a new way of apprehending reality. At the moment of

satori the student of Zen experiences 4or himself the enlight-

ened state which the Buddha himself experienced. This experience

has, according to tradition, been handed down by an unbroken

succession of Zen masters to the student himself who experiences

the true nature of himself -- the Buddha nature.

Now, as has been pointed out already, this self is

not the self of ego, the self which appears as the subject

in all actions. Once one has achieved Zen consciousness, he

sees that his true self is something quite different. The no-

tion of the self in the subject/object opposition is but one

aspect of the way in which ordinary consciousness seperates

reality into opposing pairs -- being and non-being, good and

evil, black and white -- and sees each side of these opposites

as a seperate, independent entity rather than as what Alan Watts
1

calls "poles or aspects" of the same thing. From the point of

view of Zen consciousness, these single-sided entities have

no true reality.

Zen consciousness involves an immediate awareness that

goes beyond the consciousness which divides the world up into
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opposites and clings to these opposites as though they had a

seperate existence independent of the rest of the universe.

The Zen master tries to show his students how to break through

this tendency to cling to opposites and pass beyond it. The

Chinese master HuanSPo places great stress upon this aspect

of Zen. The following passage is representative of Huang Po's

teachings on this matter:

There are no Enlightened men or ignorant
men, and there is no oblivion. Yet, though
basically everything is without objective
existence, you must not come to think in
terms of anything non-existent; and though
things are not non-existent, yog must not form
a concept of anything existing.

Huang Po is trying to make his pupil realize that

the very fact that he is seeking enlightenment is a stumbling

block, since by objectifying "enlightenment" as something to

be sought, the student is still clinging to the opposites of

dualistic thinking. The opposition between Zen consciousness

and ordinary consciousness is itself a distinction that is

made from the point of view of ordinary consciousness. To the

enlightened mind, this distinction is seen to be illusory.

Although one who has achieved Zen consciousness has

gone beyond the stage of clinging to opposites, the language

which he uses to communicate his insight remains rooted in this

dualistic seperation into opposites. If this form of discrimi-

nation must be discarded in order to apprehend one's own Buddha-

nature, it still must be retained in order to talk about any-
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thing. Since the Zen master is forced to use ordinary language

in order to communicate with his students, his statements will

contain these dualistic concepts. But since the master is

speaking from the point of view of a consciousness that goes

beyond dualism, it is not unusual to find statements which will

apply a pair of mutually-negating concepts simultaneously to

a single object. Examples of this kind of statement appear

frequently in Zen writings. Thus, in the Mumonkon, one finds

the following story:

Shuzan held out his short staff and said:
'If you call this a short staff, you oppose its
reality. If you do not call it a short staff,
you- ignore the fact. Now what do you wish to
call this?'

Mumon's comment: It cannot be expressed with
words and it cannot be exprepsed without words.
Now say quickly what it is.-

Examples of this kind of discourse are not difficult

to find in Zen literature. Here are two more:

Goso said: 'When you meet a Zen master on
the road you cannot talk to him, you cannot
face him with silence. What are you going
to do?' 4

Empty-handed, yet holding a hoe'
Walking yet riding a water buffalo.

Many writers stress the role that these paradoxical

utterances play in the technique used by the Zen masters in

instructing their students, 6but it is important to emphasize

that this is not "mere" technique which can be seperated from

Zen-consciousness itself. If Zen consciousness transcends the



59

the dualism of opposites, it must also transcend the distinction

between the master's experience and the communication of that

experience. The Zen master is not manipulating some abstract

technique when he speaks to his disciples; rather, he is speak-

ing directly from the state of consciousness which his teachings

are supposed to transmit to the students. This strange form

of communication or of technique is simply one aspect of Zen

consciousness itself.

The paradoxes arise because ordinary language is form-

ulated in terms of these mutually exclusive opposites, and

there is no other language that the master can use in commun-

icating with his students. Although the master may escape

the trap of language by using the direct method of gestures

or blows, when he puts his teachings into words, he must use

dualistic language.

Here already one can see a definite parallel with

the paradoxes that arise out of the interpretation of quantum

mechanics. In quantum mechanics, the scientist is forced to

employ the "objective" language of classical physics to describe

phenomena that are beyond the range of this language. And the

result of this method of description is no less paradoxical

than the Zen statements quoted on the previous page. Bohr's

concept of complementarity is essentially a formalized statement

of this problem. Light is a wave-phenomenon, but it is also

a particle-phenomenon, and the two descriptions are as mutually
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exclusive as any pair of opposites.

The language of classical physics is "objective" in

that it describes phenomena independently of any observer or

apparatus for making observations. In order to be able to

describe things in this manner, one necessarily assumes the

dualistic distinction between that which is perceived and

that which perceives. The observable phenomena are then attrib-

uted with an existence that is independent of the process of

observation. In quantum mechanics, it is precisely this form

of objectivity that disappears, thus requiring the introduction

of Bohr's principle of complementarity. Not only do the Zen

masters and the micro-physicists both find themselves assert-

ing the paradox that something both is and is-not, but also

they find themselves asserting this paradox for similar reasons.

Just as the master must return to the objective, dualistic

concepts of ordinary language in order to make himself under-

stood, so also must the physicist return to the use of the

objective and dualistic concepts of classical physics.

In both physics and Zen, the relationship between the

subject and object becomes essential, and the object itself

loses its seperateness from the subject. The physicist can-

not give an objective answer to the question, "Is an electron

a wave or a particle?" since any answer that he gives must make

reference to the conditions under which the electron is observed.

Toshihiko Izutsu uses the term "ontological field"
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to encompass both the subject and the object as viewed in Zen

consciousness:

All things /eubject or objecg by themselves
are simply not~ing. Out of the depth of this
Nothingness, however, both the Subject and the
Object emerge to form between themselves an onto-
logical field....And the field itself...is the
absolute reality. 7

One could apply this concept of an ontological field

in a similar way to the relationship between the observed phe-

nomena and the experimental apparatus in physics. There is

no sense in saying that light is really" waves or "really"

photons but only in saying that light displays "wave-like"

properties under particular observational conditions. The

observed light and the experimental apparatus form an ontolog-

ical field, and no description which fails to include both

the subject and the object (i.e., the entire field) will be

adequate.

The complementary relationship between space-time and

causation also displays features relevant to Zen. As described

in the previous section, this form of complementarity involves

the following dillemma: The unobserved state of some system

can be described in terms of causal laws but this state descrip-

tion does not refer to entities that exist in time and space.

Through the introduction of an observation, the space-time

framework is provided, but because of the inherent uncertain-

ties involved in the location of something in space and time,
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one can no longer use a causal description of the events ob-

served.

The absence of a space-time framework in a quantum

mechanical description can only be remedied by the introduction

of the observer. In a sense, then, the act of observation it-

self involves the introduction of space-time. Space and time

no longer exist as an immutable framework independent of the

observer.

Moreover, since the uncertainty relationships are an

inescapable feature of the quantum mechanical description of

the universe, the downfall of classical causality is equally

inescapable. Causality, or causal thinking, is clearly an

example of the kind of dualistic reasoning that is transcended

in Zen consciousness. To the enlightened mind, cause and ef-

fect form an inseperable unity-- neither the cause nor the ef-

fect can be seperated from the ontological field and given an

independent existence.

Of course it must be admitted that this parallel can-

not be drawn too closely. Whereas both Zen and micro-physics

negate the conventional concepts of time, space and causality,

there are major differences in the way in which the two view-

points reject these concepts. The physicist approaches this

breakdown with puzzlement and holds on to the idea that there

are rational natural laws which govern the behavior of physi-

cal objects, independent of any observations that the physicist
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might make. He admits that these laws cannot be described in

simple, objective, causal terms, as one might have expected --

but one would not expect a physicist to say, for example, that

an electron begins to exist when someone begins observing it

or that it ceases to exist when it is unobserved.

The Zen masters, on the other hand, are quite vocal

about the intrinsically empty and illusory character of

physical objects. For example, Hui Neng offers the following

verse:

In all things there is nothing real,
And so we should free ourselves from the concept

of the reality of objects.
He who believes in the reality of objects
Is bound by8this very concept which is entirely

elusive.

But even if physicists are not willing to go quite

as far as the Zen masters in their claim that physical objects

are illusory, the fact remains that the reality that is de-

scribed by quantum mechanics is beyond the realm of conven-

tional logic and that the application of dualistic language

to this reality leads to paradox, just as it does in Zen

Buddhism.

But if for the Zen Buddhists, objects have no reality,

what does have reality? What is the ultimate reality which

supports the ontological field in which the illusory reality

of objects can take form? The Mahayana doctrine of sunyata,

"the Void," has been mentioned in the introduction. It will
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be useful, at this point in the discussion, to examine the Zen

interpretation of this Mahayana doctrine in more detail, The

Shingyo, a sutra commonly read by Zen students, has this to

say about this doctrine:

0 Sariputra, all things here are characterized
with emptiness: they are not born, they are not anni-
hilated; they are not tainted, they are not immac-
ulate; they do not increase, they do not decrease.
Therefore, 0 Sariputra, in emptiness there is
no form, no sensation, no thought, no confection,
no consciousness.

And Huang Po declares:

The Royal Treasury is the Nature of the Void.
Though all the vast world systems of the universe
are contained theret8, none of them have existence
outside your mind.

Of course, when the Buddhists speak about the Void

or Nothingness, they do not simply mean non-existence. For,

in the midst of this emptiness:

I raise the hand and lo! there is space,
there is time, there is causation. Every
logical law and every metaphysical principle
rushes in to confirm the reality of my hand.

Absolute reality cannot be a thing, since such a

conception implies a dualistic picture -- a view of reality

clouded by the discriminating intellect. It must be that

which transcends all such distinctions -- that withou which

the apparent reality of objects and causes could not be.

You cannot describe it, you ca pot picture it,
You cannot admire it; you cannot sense it.
It is your true self, it has nowhere to hide
When the worl 2is destroyed, it will not be

destroyed.
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The Absolute principle must be "Emptiness," since it

must be free from all the distinctions of the discriminating

intellect. It cannot be non-existence, however, because non-

existence is simply one pole of the being/non-being duality,

and the Absolute transcends all such distinctions.

The Zen masters stress the doctrine of sunyata in

order to emphasize the need to cease clinging to opposites

in order to experience that which lies beyond all the discrim-

inations of the intellect -- they are not advocating a form of

nihilism. That Buddhism is not nihilism is stressed in the

earliest of Zen writings. Hui Neng, for example, instructs:

In the functioning of the Essence of Mind
...outwardly we should free ourselves from
attachment to objects,...and inwardly, with
regard to the teaching of the Void, we should
free ourselves from Nihilism. 13

Thus, one must use some care in interpreting Zen

statements about the essential nothingness of objects. The

Zen masters are not asserting that the world of everyday ex-

perience is non-existent. Kapleau stresses this point by

making use of a modern-day analogy:

All forms in their essential nature are empty,
that is, mutually dependent patterns of energy in
flux, yet at the same time are possessed of a
provisional or limited reality in time and
space, in much the same way that the actions in
a movie film have a reality in terms of the film
but are otherwise substantial or unreal. 14

The point is to give up clinging to the illusory

independent existence of objects, not to deny the reality of
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experiencing them. To insist upon the nihilistic position that

objects do not exist at all is to continue to cling to dualis-

tic thinking.

That the Zen Buddhists do not wish to discard the re-

ality of everyday experience is borne out by the masters' use

of the concrete, immediate reality of common objects and physical

blows in the transmission of their teachings. (Examples of the

use of concrete, immediate reality in Zen teachings have

already been quoted in previous sections of this paper, c.f.

for example, Chapter II). Thus the Zen master imparts the prin-

ciples of Buddhism by waving his staff, offering a cup of tea

or calling attention to the sound of a running brook. That he

who has achieved Zen consciousness is not experiencing a world

of undifferentiated nothingness is reflected in the lines

of a Zen poet:

How wondrously supernatural,
And how miraculous this is!
I draw water, and I carry fuel.

Thus, when once one has passed through the "gateless

gate" of satori, all opposites are transcended -- including

the opposition between the Void and the phenomenal world.

Thus, statements about nothingness are not intended to proclaim

that true reality is only experienced by shutting out the ex-

periences of everyday life. Rather, all these experiences are

themselves experiences of the absolute reality of the Void --

once one has learned to see things in the Zen way.
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It may appear that all of this discussion about the

Void has led us away from the original line of discussion.

For after all, physics is not really expected to give all

the answers to questions about the ultimate reality of the

objects which it studies. Quantum mechanics does not answer

all the questions that could be asked about unobserved electrons,

but the physicist could argue that there is no requirement that

it should. As long as the scientist can correctly predict the

behavior of observed electrons, there is no particular need,

from the point of view of pure physics, to say anything about

those that are unobserved. The physicist can justify his in-

ability to answer this question on the grounds that it is

a metaphysical question, and he can point to the concrete

results of explained experiments to justify his use of the

quantum theory. Of course, the Zen master also avoids meta-

physical questions and may respond to a question about the

nature of the Void by waving his staff in front of the eyes

of the questioning pupil. (c.f'. Chapter II)

However, physicists do not entirely avoid the ques-

tion of the underlying reality of material particles, and

there is in Dirac's "hole" theory a remarkable similarity to

the Buddhist notion of the Void. Dirac's theory depends upon

the conception of a substratum of particles in the negative

energy state. This substratum fills all of space with infin-

ite density, and has many of the characteristics of the Void.
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It has no dimensions, no weight, no color and indeed no per-

ceptible qualities whatsoever. md yet, at the same time, it

is not nothing, for it is out of this substratum that all el-

ementary particles are created, and it is out of these elemen-

tary particles that all mater is created. Although electron-

positron pairs are created out of this substratum and drop

back into it when they are annihilated, the substratum, like

the void, is itself neither created nor annihilated in this

process. And because this substratum of negative-energy particles

fills all of space with infinite density, the particles of

the substratum, like the Void, neither increase nor decrease.

Like the Buddhist void, the substratum is at one and the same

time nothing and the source of all things.

Moreover, in the process of creating a particle by

raising it out of the substratum, there is necessarily created

for each particle an anti-particle -- the "hole" that is

left in the substratum. In a sense, no particle exists as

an independent entity but only as one aspect of the ontolog-

ical field which includes the particle, its anti-particle,

and the substratum itself. In this sense, even physics acknow-

ledges that the seperate and independent existence of an object

is il usory, and that the object only exists by virtue of

its relationship with its opposite (i.e., the anti-particle).
16

Holmes Welch has noted the parallel between Dirac's

"hole" theory and the picture of creation presented by Lao Tzu



69

in the Tao Te Ching.* Welch dismisses the similarity as a lucky

"first guess" on the part of Lao Tzu. Although it is unlikely

that Lao Tzu and Dirac were viewing the universe from the same

point of view, the parallel between the two theories lies at

a deeper level than that of mere guess or coincidence. Since

both theories describe, in some sense, the process of creation

of something out of nothing (which is itself paradoxical), one

can see, in their common usage of pairs of opposite poles, an

illustration of the basic, dualistic process involved in de-

scription in terms of language.

Dirac starts from the antithesis between the impercep-

tible substratum and the perceptible particle, and because

of symmetry considerations involved in the mathematical con-

struction of his theory, is then forced to describe matter

creation in terms of pairs of "opposite" particles. The Bud-

dhists on the other hand (along with Lao Tzu) start from the

point of view of a consciousness which apprehends the Void

and transcends the dualistic notions. From this enlightened

point of view, the apparent reality of individual objects is

seen to be the result of thinking in terms of only one of the

poles of the ontological field.

This difference between the physicist's expression

of the paradoxes of quantum mechanics and the paradoxes uttered

by the Zen masters runs through all of the parallels that

*The influence of the Taoist point of view upon Indian
Buddhism was historically and philosophically an important part
of the Chinese development of Zen.
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have been discussed above. The physicist is forced, by exper-

imental results, to apply two opposing concepts to the same

entity, and from this paradoxical result he tries to construct

an interpretation. The Zen masters on the other hand start

with an interoretation -- indeed, a special consciousness, a

way of apprehending reality -- and express themselves paradox-

ically because of the limitations of language. The physicists

haVe stumbled upon simple, physical examples which illustrate

the limitations of this dualistic language and reveal some

aspects of the common features of both systems which result

in paradoxical statements.

It is tempting to describe quantum mechanics in the

terms suggested by Masterman and discussed in the previous

chapter. That is, the physicist experiences a revealatory

insight through which he is able to formulate quantum mechan-

ics, and the actual statements of the theory act as the koans

by which this insight can be passed on to others. Looked at

in this light, the parallels with Zen remain strong, since the

"koans" of quantum physics contain paradoxical statements, in-

troduce an ontological subject/object field necessary for in-

terpreting quantum mechanical results, and expose the failure

of such dualistic concepts as causality.

The only problem with the interpretation suggested

above is that there is some doubt as to whether or not anyone,

including the inventor's of quantum mechanics, have solved
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these Zen-like "koans." One must distinguish between the mathe-

matical formalism which makes up quantum mechanics and the

interpretation of this formalism. Insofar as the mathematical

formalism of quantum mechanics is concerned, the case is ana-

logous to Boole's invention of Boolean Algebra (Masterman's

example),. However, the paradoxical results arise, when one

attempts to interpret this formalism in terms of the objective

language of classical physics. Although the Copenhagen inter-

pretation, presented here, is the interpretation accepted by

most physicists working in the field of quantum mechanics and

is that advocated by Bohr and Heisenberg, pioneers in the field,

even some of the originators of quantum mechanics (e.g. Schroe-

dinger, Planck, Einstein) find it philosophically repugnant.

This is not to say, however, that Masterman's inter-

pretation is entirely irrelevant. The fact remains that from

the point of view of the mathematIcal formalism of quantum

mechanics, the paradoxes do not appear. And this mathematical

formalism, like Boolean Algebra, is understood by the inventors

and practitioners of quantum physics. This does correspond

to the situation in Zen, where the paradoxical koans are not

paradoxes at all, if viewed from Zen consciousness. The ana-

logy only fails in that the paradoxes of the Copenhagen in-

terpretation, which echo the paradoxes of Zen Buddhism on

many different levels, do not serve as the koans by which

one learns to comprehend the quantum mechanical view of the
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universe. This role is still played by the axioms of the mathe-

matical formalism, which, although they are strangely differ-

ent from the axioms of classical scientific theories, do not

exhibit the Zen-like paradoxes in the striking manner of the

statements of the Copenhagen interpretation.

Perhaps the paradoxical statements of the Copenhagen

Interpretation are related to the kikan koans which deal with

the interlocking differentiations of the phenomenal world (c.f.

Chapter I). Certainly, the parallels with Zen Buddhism, which

are so intimately connected with the subject/object partition,

should not be shrugged off as accidental. Quantum mechanics

has clearly exposed some of the limitations of some of the

aspects of dualistic consciousness. The analogies between the

two disciplines appear on a deep and philosophically signifi-

cant level.
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Chapter IV

Logic, Paradox, and Godel's Theorem

Throughout this paper there has been much discussion

of paradox and its relationship to Zen consciousness. In the

teachings of the Zen Buddhists paradoxes arise from the use of

dualistic, discriminatory language to describe a reality which

transcendes the discriminating intellect. In the preceding

chapter, it has been pointed out that these dualistic concepts

are also inadequate to describe the reality depicted by quantum

mechanics, and that similar paradoxes also arise. But the ap-

pearance of paradox in western philosophy is by no means re-

stricted to the field of quantum physics. Studies in the

field of formalized logic have in the twentieth century pro-

duced not only their own paradoxical results but also, in

their attempts to resolve various paradoxes, have illuminated
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certain aspects of the nature of paradox relevant to Zen

Buddhism.

Paradox in western philosophy has a long history,

dating back to the ancient Greeks. Zeno, for example formulated

a series of well-kown paradoxes, involving the race between

Achilles and the tortoise, the flight of an arrow to its tar-

get, and the runner crossing the stadium. According to Zeno,

Achilles can never catch the tortoise, since, no matter how

slowly the tortoise runs, he will always have moved forward

some distance by the time that Achilles arrives at the point

whence the tortoise started running. And when Achilles reaches

the new position of the tortoise, the tortoise will again have

adavnced some distance. Thus Zeno concludes that Abhilles

can never overtake the tortoise, provided only that the tortoise

is given a head start. Similarly, Zeno demonstrates that

the arrow can never reach its target, since in traveling to

the target, it must first cross half the distance and, in

travelling to the half-way point must traverse one quarter of

the distance. Since the arrow must, therefore traverse an in-

finite number of finite distances, it can never reach its

target in a finite amount of time. For the same reason, a

runner, no matter how swift, can never traverse the distance

from one side of the stadium to the other.

Zeno's paradoxes are not paradoxes in the sense of

being self-contradictory, but they are paradoxical in the
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sense that they produce absurd conclusions from apparently

logical arguments. Zeno, interestingly enough, formulated

his famous set of paradoxes in an attempt to show that the

universe is one and that it is precisely the assumption that

reality consists of seperate individuals that led to the absurd

results. Even Aristotle, in his attempt to refute Zeno's para-

doxes of motion, admits that the infinite number of line seg-

ments that Zeno's arrow must traverse do not 'constitute the

"real and essential character" of distance (Physica, 263B9).

Plato's dialogue which describes the confrontation between Soc-

rates and Zeno and his teacher, Parmenides, concludes with

this Zen-like gem from Parmenides:"VIhether the one is or is

not, the one and the others in relation to themselves and to

each other all in every way are and are not and appear and do

not appear." ("Parmenides," 166C)

Before considering some paradoxes which do involve

self-contradiction, it will be helpful to first examine some

aspects of formal logic.

Formalized logic represents a very refined formulation

of dualistic thinking. Conventional logic starts from a basic-

all-y dualistic premise in its assignation of two-valued truth

values to every statement. It is essentially a formalization

of the dualistic reasoning process that is involved in all

ordinary language and thought. The study of sets or classes

in formalized systems has produced a number of paradoxes.
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The language of sets clearly involves a specific application

of the discriminating intellect. Cantor, one of the pioneers

of set theory, defines a set as "any collection into a whole

of definite and seperate objects of our intuition or thought."I

Not only is the discriminating process of the intellect implied

by the notion of "seperate objects," but the concept of "set"

is itself essentially a formalized notion which corresponds

with the discriminating process itself.

Cantor's work was chiefly in the field of "infinite

sets," and his most well-known contribution is the concept of

different orders of infinity, but the most interesting result

in terms of paradox involves the concept of subsets. Cantor

proved that the number of subsets of a given set always makes

up a set with a larger number of members than the original

set. That is, for any set, no matter how large, there is al-

ways a larger set -- namely the set of its subsets. This re-

suit becomes immediately paradoxical when one asks, "What about

the set of everything in the universe?" By Cantor's results,

this "Universal Set" cannot contain all of its subsets, and

yet, by nature of being the "Universal Set," it must.

W.V.Quine has pointed out that this paradox is closely

related to Russell's paradox concerning sets which are members
2

of themselves. Define as Ordinary Sets all sets which are not

members of themselves. Thus the sets of all cats, tables, books

or people are all Ordinary Sets. The set of all sets with more
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than one member is an example of a non-Ordinary Set, since it

has more than one member and thus must contain itself. Is the

set of all Ordinary Sets itself an Ordinary Set? If it is,

then it must contain itself as a member, which implies that

it is non-ordinary. If, on the other hand, it is a non-Ordinary

Set, then it does not contain itself and is therefore Ordinary.

It is an.Ordinary Set if and only if it is not.

Both of these examples show how paradoxical results

flow directly from Cantor's unrestricted conception of sets.

However, the concept of "set" is too useful to be scrapped,

particularly in the light of the work of Frege and Russel to

produce the logical structure of all mathematical reasoning,

based upon set theory.

It has already been pointed out that the paradoxical

utterances of the Zen masters often appear as part of their

technique for opening up the minds of their students. Faced

with a raradoxical koan which cannot be solved by the rational

processes of the discriminating intellect, the mind of the stu-

dent casts off the restricting dualistic framework of thought

and experiences satori.

In a similar way, the appearance of paradoxes forces

the logician and the mathematician to examine the intellectual

framework in which the paradoxes arise in order to discover

the limitations of that framework and hopefully to produce a

a new framework in which these paradoxes no longer appear.
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Rapoport describes this process by which mathemati-

cal thinking grows and matures:

The method entails escaping from the conceptual
framework in which a paradox or apparently unsolvable
problem has appeared and putting the framework it-
self in a new perspective, so that the limitations
of the old concept are revealed. Once the limi-
tations are seen, a generalization of the concept
suggests tself and a new framework can be con-
structed.

In this sense, then, these paradoxes are koan-like

insofar as they force the mind to give up restricting and con-

tradictory concepts and to perceive things and their relation-

ships to one another differently. Of course, the reformulations

of set theory do not dispense totally with dualistic reasoning,

but they do force the re-examination of some aspects of the

dualistic point of view. Cantor's notion of a set appears

no less natural than the notion of a seperate object, and yet

it is this natural (albeit, dualistic) concept which leads

to the paradoxes.

Rapoport illustrates his point with the example of

Zeno's arrow paradox. Zeno's apparently logical claim, bla-

tantly contradicted by experience, led to the formulation of

the concept of convergent series -- an infinite series of

terms whose sum is finite.

But what of the attempt to reformulate set theory

in order to eliminate the paradoxes discussed above. Quine
4

suggests two different approaches to this problem. The first
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of these attempts can best be understood by analogy with a

similar solution suggested for another paradox which is close-

ly related to the other two. This is the familiar liar para-

dox, usually attributed to Epimenides: "All Cretans are liars"

(Epimenides himself was a Cretan). Its relationship to the

paradoxes of Russell and Cantor can best be seen by restating
6

the paradox in the terms suggested by Tarski: Let IC* be the

symbolic name of the following sentence: tItC' is not a true

sentence." If one takes as a criterion of truth that a sentence

is true if and only if the state of affairs described by the

sentence is in fact a state of affairs that really exists, then

one obtains: "ItCI is a true sentence if and only if ICI is

not a true sentence." And, if one considers that all true

sentences make up a set, 'T', then the liar paradox can be

stated analogously to the statement of Russel's paradox:

"'C' is a member of T if and only if it is not.-

The solution to this paradox suggested by Russell and

Tarski is that the predicates 'true' and 'false' be expanded
7

by the use of subscripts. Then one simply uses the rule that

whenever the predicates 'true' or 'false' are applied to a

sentence, the subscripts on the predicates so applied must

be higher than any subscripts that appear within the sentence.

Then, one can ask whether or not "'C' is not a truel sentence."

is a true2 sentence, but not whether or not it is a true,

sentence. If one formulates the liar paradox according to this
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"'C' is a member of T2 if and only if it is not a
member of T1."

The statement is no longer paradoxical, for the liar paradox

now states that a sentence belongs to a given class if and on>y

if it does not belong to some different class, and there is

no contradiction involved.

Other methods of resolving the liar paradox involve

restricting the use of the predicate true, so that it becomes

meaningless when applied to the paradoxical cases. Robert

Martin, for example, introduces the notion of the "range of

applicability" of truth predicates and defines the concept

of ""range of applicability" in such a way that the liar paradox

falls outside this range. The paradox is avoided because it

is no longer meaningful to talk about the truth or falsity of

"'C' is not a true sentence."

Although these results are less striking than those

found in the previous chapter, one can see in both suggested

solutions to the liar paradox an erosion of the dualistic

concepts which originally led to the antimonies. In the Russell-

Tarski solution, 'true' and 'false' are no longer mutually

exclusive opposites. A given sentence can be both true and

false at the same time, provided that it is true, and false2.

It is not clear how to interpret these subscripted predicates

in terms of the intuitive notions of truth and falsity.
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of the true/false pair by suggesting that there are statements

which are neither; i.e., a sentence that is not true is not

necessarily false.

Russell, in his Theory of Types;9 suggests a solution

to his raradox as well as Cantor's by employing subscripts

along the lines of the first solution of the liar paradox.

Here, '0' is assigned to individuals, and any set whose members

are of type ' must itself be of type 1.+ . The paradox is

then resolved because no class of type m +1' can be a member

of itself, since all of its members must be of type 'm

or lower. One can also apply the Theory of Types to Cantor's

paradox. The set of the subsets of a given set will be of a

higher type than the type of the original set. This solution

allows for indefinitely large sets, and since there can be no

maximum type of set, there can be no "Universal Set."

Another solution of Cantor's paradox is proposed in

10
Zermelo's formulation of set theory. In this solution, the

axioms of set theory are so constructed as to restrict the

method of defining sets so that there can be no "Universal

Set,"which includes everything in the universe ("everything"

is not an adequate specificatiolof a set in Zermelots

theory) and hence, no Cantorian paradox.

_gain, one can see some parallel with Zen thought,

but, as in the case of the solution to the liar paradox, the
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of the universe into sets is a clear-cut use of the discrimina-

ting intellect. Moreover, even simple notions of classifying

individuals appear to be self-contradictory unless they are

restricted in ways that are counter to one's expectations.

If one can divided the universe into distinct classes of indi-

viduals at all, it is rather surprising that there is no con-

sistent method of specifying the class of all things. The

Zien masters warn against believing in individual objects, and

mathematicians find paradoxical consequences in attempting

to classify them into sets.

A result that is closely related to the paradoxes

that have been discussed above is Godel's famous Incompleteness

Theorem. Godel's theorem states that "in a formal system satis-

fying certain precise conditions, there is an undecidable prop-

osition , that is a proposition such that neither the proposi-
'I

tion f5eI' nor its negation is provable in the system."

The precise conditions necessary for the demonstration of

Godel's result are not conditions unique to the segment of

arithmetic in which Godel constructs the formal proof of his

theorem, but rather are properties of "all known axiom systems
-12

of mathematics."

Godel's theorem is a theorem about the provability

of statements within a given logical system, not a statement

about the truth of these propositions. Thus Godel's theorem
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is not itself paradoxical in the same sense that Russell's par-

adox is. It does assert, however, that there can be unanswer-

able questions even in a rigidly formalized structure such as

pure methematics.

Godel's theorem is essentially a statement of the

limitations of axiomatic systems and logical reasoning. Godel's

proof is valid even for systems which are allowed infinitely

many axioms and demonstrates that no amount of logical manipu-

lation can"decide- such propositions in the sense of establish-

ing their truth by a logical proof.

In his original paper, Godel constructs such an unde-

cidable proposition, namely the proposition that asserts of

itself that it is not provable. This proposition is analgous

(although not identical with) the liar paradox described above.

The proposition is undecidable because it is provable if and

only if it is false.

But the above-given informal argument demonstrates

the undecidability of the proposition that asserts of itself

that it is not provable without making use of the formal prop-

erties of a mathematical system. The conditions for such a

proof are, in Godel's own words, that the formal system under

consideration "has at its disposal sufficient means of expres-

sion to define these notions...(in particular the notion of

'provable formula') and in which, second, every provable for-
13

mula is true in the interpretation considered." But these
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criterion are certainly -fulfilled by a large number of logic-

ally consistent systems less formalized than pure mathematics.

Smullyan, for example, has shown how such IGodel

sentences" can be constructed in a very simple artificial

language, whose major predicate is a "normal function" which
14

enables a sentence to refer to itself.

Godel's theorem functions in logic in a manner analo-

gous to the way that the uncertainty principle functions in

micro-physics. Just as Heisenberg's principle describes the

limitations of the concept of location in space and time

for physical objects, Godel's theorem shows the limitations

of the concept of provability in reference to the truth or

falsity of propositions. Moreover, the property of self-

reference, which is an essential feature of any system in

which Godel's theorem can be proved, itself has interesting

implications.

Self-reference also appears as an essential feature

of Russell's paradox, which is itself analogous to many

"common-language" paradoxes, such as the liar paradox or the

paradox of the barber who "shaves every man who does not

shave himself." If one examines the grammatical structure of

any self-referring sentence, he finds that necessarily the sub-

ject and the object of the sentence are the same. That modern

logic demonstrates that paradoxes follow from such self-referring

statements provides some additional understanding of the para-
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doxical statements of Zen.

The Zen master is speaking from a state of conscious-

ness in which subject and object are one. This ontological

one-ness parallels the grammatical one-ness of subject and

object in a self-referring expression. It is not surprising

that the Zen expressions, which are made from this state of

consciousness, appear as paradoxes in ordinary language. Of

course, the Zen master is speaking from the reality of his

immediate experience while the logician and the philosopher

of language are speaking in terms of the relationship between

grammatical concepts, which are intellectual abstractions.

The Zen master, however, is forced to translate his experience

into these grammatical entities in order to speak. Looked

at in this light, the paradoxical statements of the Zen masters

are not illogical at a'-; ratherthey follow as logical conse-

quences of the translation into language of the point of

view which they express.



Footnotes

1. Cohen and Hersh, "Non-Cantorian Set Theory," Scientif-
ic imerican, Vol. 217, No. 6, December, 1967, P. 105.

2. Quine, W.V., "Paradox," Scientific American, Vol. 206,
No. 4, April, 1962, p. 94.

3. Rapoport, Anatol, "Escape from Paradox," Scientific
American, Vol. 217, No. 1, July, 1967, P. 56.

4. Ibid., p. 50.

5. Quine, "Paradox," p. /4.

6. Tarski, Alfred, "The Concept of Truth in Formalized
Languages," Logic, Semantics and Pietamathematics
(Oxford, 1956), p. 15-

7. Quine, "Paradox,"p. 87.

8. Martin Robert L., The Paradox of the Liar (New Haven,
19703, esp. "A Cateory Solution~t~ the Liar, "pp.91ff.

9. c.f. Ayer, A.J., Bertrand Russell (New York, 1972),
pp. 44f. and Quine, Set Theory and Its Looic (Cam-
bridge, 1969), Chap. ~T, esp. p~~7~63~nd also,
Quine, "Paradox," p. 94.

10. c.f. Quine, Set Theory, Chap. 12, esp. p. 278, also
"Paradox," p. 94.

11. Godel, Kurt, "On Formally Undecidable Propositions,"
in Fege and Godel: Two Fundamental Texts in Mathe-
matical Logic. ed. -Jean van He jnoort Cam'bridge,
1970), io. b3.

12. Ibid., p. 84.

13. Ibid., p. 90.

14. Smullyan, Raymond M.m "Languages in which Self-Reference
is Possible," Journal of Symbolic Loric, Vol. 22,

1957, pp. 55-67.



90

Chapter V

Conclusions

Having uncovered some intersting parallels between

such apparently divergent fields as Zen Buddhism, modern phys-

ics, and formal logic, the question remains, "What are the

implications of these parallels for both Zen and western

philosophy?"

With regard to the analogy between Zen Buddhism and

the philosophy of science, the major point of similarity is

the intuitive leap that must be made by the theoretical scien-

tist in order to envision a new theory. What is required of

the scientist in this situation is very similar to what is re-

quired of a Zen student. Both must throw off the confining in-

tellectual structure of the 6d theory in order to perceive

things from a different -oint of view, i.e., with a different
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consciousness. Masterman's suggestion that the postulates of

the new scientific theory act as koans which are used to trans-

mit the consciousness that sees reality in terms of the new

theory would be attractive to anyone who has struggled with

problems in an unfamiliar branch of mathematics. If the stu-

dent persists in his study, suddenly the unfamiliar concepts

fall into place, and in an elating instant, the material is

finally "learned." The chief difference in the two insights

is that in science, one is simply exchanging one set of axioms

for another while the method of reasoning remains the same --

the logical manipulation of abstract concepts with the discrim-

inating intellect of vijnana. In Zen, on the other hand, one

must learn to abandon the use of the discriminating intellect

(at least temporarily) and experience the world directly through

prajna-intuition in order to obtain the insight which brings

him to Zen consciousness. But even in the case of learning

new scientific theories, there is an element of intuition in-

volved in the sudden leap of understanding that one experiences

when the patterns fal into place.

If however, the new scientifIcsystem that is learned

is quantum physics, one can carry the parallel with Zen even

further. Not that quantum mechanics is an intuitive science,

but rather that the results of the quantum mechanical point

of view require the discarding of some of the most fundamental

dualistic concepts. The uncertainty relations explicitly show
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the limitations of the concepts of space and time and, more-

over, require that the classical, mechanistic concept of causal-

ity be discarded. The analogy with Zen Buddhism goes much

deeper than the weakening of these fundamental dualistic con-

cepts. The interpretation of quantum mechanics is full of par-

adixical statements, which may be subsumed under the general

heading of Bohr's principle of complementarity. These paradox-

es result from a fundamental feature of the quantum mechanical

description of reality -- namely, the impossibility of seper-

ating the properties of some observable phenomenon from the

conditions under which the phenomenon is observed. In the in-

terpretation of quantum mechanics one can see the absolute na-

ture of the subject/object partition begin to disappear and

some aspects of the relative and arbitrary nature of this

partition begin to appear. Nor is the analogy weakened by

the fact that these paradoxical results emerge not from the

mathematical formalism of the theory but rather from the

interpretation of it. Paradoxes arise in the interpretation

of quantum mechanics because this interpretation must be made

using the language of classical physics. This language is an

"objective language," in the sense that it tries to describe

reality without any reference to the observer. But in quantum

mechanics, this type of objectivity is impossible: the in-

trusion of the observer affects the result of the experiment

all the way up to the level of the mathematical expression
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from which the observable result is predicted. The paradoxes

of the Copenhagen inter-pretation arise precisely because quan-

tum events take place outside the framework of this "objective

language" of classical physics and yet at the same time must

be described in that language. In Zen Buddhism also, the mas-

ters are forced to use "objective" language in order to com-

municate to their disciples a consciousness which cannot be

contained in the subject/object framework. Just as the para-

doxical koans, when they are solved and the student of them

has experienced satori, no longer appear paradoxical from

the point of view of Zen consciousness, so also do the

quantum mechanical descriptions appear non-paradoxical from

the viewpoint of the mathematical formalism. For both Zen

and Physics, it is when one attempts to talk about new point

of view in ordinary language that the paradoxes appear.

In Dirac's "hole" theory of matter creation and annihilation,

quantum physics even has its own version of the Bud-hist doc-

trine of sunyata or the Void.

Moreover, these similarities between Zen Buddhism

and quantum mechanics are neither acciden tal nor coincidental.

At the heart of both disci-plines is the breakdown of the subject/

object boundary. It is no longer possible, both from the point

of view of Zen and from that of quantum physics, to refer to

an object without at the same time referring to the subject,

that is, the self in Zen Buddhism and the measuring apparatus
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in quantum mechanics. Modern studies in logic have demonstra-

ted that predicates of self-reference are intimately connected

with some of the paradoxes of western philosophy. Both Zen

and quantum mechanics, because of the nature of the reality

which they disclose involve self-reference even in statements

which appear, from the point of view of dualistic concepts,

to be purely "objective" statements. Just as the appearance

of the paradoxical-appearing Godel sentence requires self-

reference in the system in which it appears, so also are many

other paradoxes bound up in the property of self-reference in

language. But if even the most objective-appearing statements,

in either Zen or quantum mechanics, in reality involve self-

reference, then there is nothing illogical at all in the ap-

pearance of paradoxical statements.

The above conclusions are not intended to suggest

that Zen Buddhism can be reduced to logic or to philosophy.

'The attaining of Zen consciousness involves an insight that

goes beyond the limits of logic and of discursive reasoning.

But to say that Zen involves a kind of knowing that goes

beyond reason is not the same as saying that Zen is irrational

or anti-rational. The above conclusions, however, do serve

to de-mystify Zen insofar as they help to make sense out of

the bizarre and apparently non-sensical statements made by the

Zen masters. Although the Zen masters are speaking from the

point of view of a consciousness that has gone beyond the limi-



95

tations of language, when they speak the language that they

use, as has been pointed out so many times in this paper, is

simply language -- the dualistic language of the discursive

intellect. And as such, the language of the Zen masters is

amenable to the same kind of logical analysis that one may

apply to the language of mathematics or any discursive language.

Although this kind of analysis can never reveal the truth that

lies at the heart of Zen, it does reveal certain aspects of

the connection between this truth and the language used by the

teachers of it.
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