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About Bhaktivedanta Institute 

Bhaktivedanta Institute is a center for advanced study and 
research into the Vedic scientific knowledge concerning the nature 
of consciousness and the self. The Institute is the ac~emic divi
sion of the International Society for Krishna Consciousness. It 
consists of a body of scientists and scholars who have recognized 
the unique value of the teachings of Krishna Consciousness 
brought to the West by His Divine Grace A. C. Bhaktivedanta 
Swami Prabhupada. The main purpose of the Institute is to ex
plore the implications of the Vedic knowledge as it bears on all 
features of human culture, and to present its findings in courses, 
lectures, monographs, books, and a quarterly journal, Sa-vijPUmam. 

The Institute presents modern science and other fields of 
knowledge in the light of Vai~I).ava philosophy and tradition, pro
viding a new perspective on reality quite different from that of our 
modern educational systel)1s. One reason for the increasing interest 
of modern intellectuals in Srila Prabhupada's teachings is doubtless
ly the growing awareness that in spite of great scientific and tech
nological advancements, the real goal of human life has somehow 
been missed. The philosophy of Bhaktivedanta Institute provides a 
meaningful answer to this concern by proposing that life-not 
matter-is the basis of the world we perceive. 

The central doctrine of modern science is that all phenomena, 
including those of life and consciousness, can be fully explained 
and understood by recourse to matter alone. The dictum that "life 
is a manifestation of matter" is, indeed, the ultimate rationale for 
the entire civilization of material aggrandizement. The Vedas, on 
the other hand, teach that conscious life is original, fundamental, 
and eternal. This is the essence of Bhagavad-gfta-"aham sarvasya 
prabhavo matta~ sarvaln pravartate. " (10.8) On this fundamental 
and critical point, modern science and Vedic knowledge find 
themselves opposed. 

Bhaktivedanta Institute is dedicated to disseminating this most 
fundamental knowledge throughout the world. The Institute is 
clearly demonstrating that the Vedic version is not a matter simply 
of "faith" or "belief", but is scientific in the strict sense of the 
term. Although many of its features may appear difficult to verify 
experimentally, others have direct implications concerning what 
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we may expect to observe. Thus, this view should serve as a stimu
lating challenge to the truly scientific spirit to go beyond the very 
restrictive framework imposed on our scientific understanding of 
nature over the last two hundred years. Modern science began as 
an experiment to see how far nature could be explained without 
invoking God. But the purpose of Bhaktivedanta Institute is to 
introduce Vedic knowledge on a genuinely scientific basis for the 
first time in the history of this modern scientific age. 
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I. 

Introduction 

It is premature to reduce the vital process to the quite insufficiently 
developed conception of 19th and even 20th century chemistry and 
physics. 

-Louis de Broglie 

At the present time it is widely claimed that life can be under
stood simply as a complicated interaction of atoms and molecules 
in accordance with known physical laws. High school and college 
textbooks of biology begin with the study of chemical bonding, 
proceed on to molecular evolution, and flatly assert that scientists 
have "been able to synthesize the stuff of life in a laboratory flask.,,1 
In scientific books and journals the theory that life is a combina
tion of material elements is widely accepted as nearly unquestion
able fact. The biochemist James Watson sums up this viewpoint as 
follows: 

We see not only that the laws of chemistry are sufficient for under
standing protein structure, but also that they are consistent with all 
known hereditary phenomena. 

Complete certainty now exists among essentially all biochemists 
that the other characteristics of living organisms (for example, ... 
the hearing and memory processes) will all be completely under
stood in terms of the coordinative interactions of small and large 
molecules.2 

Watson later goes on to assert that these molecular interactions 
have been understood by the modern theory of quantum 
mechanics. 

The various empirical laws about how chemical bonds are formed 
were put on a firm theoretical basis. It was realized that all chemical 
bonds, weak as well as strong, were based on electrostatic forces. 3 

In this paper we argue that this view of life is extremely short
sighted. Not only has life not been understood as a product of 
matter, but our understanding of matter itself is seriously deficient. 
We will show, in fact, that in order to remedy the deficiencies in 



our concept of matter we are forced to adopt an understanding of 
life completely different from the accepted scientific view. 

We will review some of the important theories of nature of the 
modern scientific age. This review will culminate in a more detailed 
account of the present dominant theory of quantum mechanics. 
We shall see that none of these theories have been successful. The 
theories preceeding quantum mechanics have all been rejected for 
various reasons, and the quantum theory itself possesses serious 
defects which rule it out as a valid understanding of nature. 

Since the time of Newton all major scientific theories of 
nature have been characterized by two assumptions: 

(1) All of the significant features of nature can be described 
by numbers. 

(2) All of the phenomena of nature are governed by laws 
which can be described by very simple mathematical equa
tions relating these numbers to one another. 

Furthermore, throughout the history of modern science, scientists 
have strongly tended to assume that all phenomena can be ac
counted for (at least in principle) by the accepted laws of their 
day. 

These assumptions form the foundation for the modern scien
tific view of the absolute truth. The absolute truth can be defined 
as the ultimate causative principle or agency underlying all of the 
phenomena of nature; and the understanding of this fundamental 
cause can be seen as the goal of all fundamental research in science. 
However, conditions (1) and (2) impose a very severe a priori re
striction on the nature of the absolute truth. There is no particular 
reason to suppose that every significant feature of nature can be 
described by numbers, or that those which can be so described are 
governed by simple equations. Our thesis is that nature cannot 
actually be understood within the framework imposed by these 
conditions. 

In particular, we are proposing that the phenomenon of 
consciousness cannot be described by numbers, and that the be
havior of matter is less and less amenable to description by simple 
equations the more intimately it is associated with consciousness. 
Since consciousness is a feature of life (at least on the human 
level) this thesis directly contradicts the theory that life is only a 
product of chemical reactions obeying simple physical laws. It is 
perhaps ironic, then, that compelling support for it is to be found 
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not in the science of biology (in this paper, at least) but in physics, 
the fundamental study of inanimate matter. 

As we shall show, consciousness is directly involved with basic 
problems in the quantum theory which cannot be resolved within 
the framework of conditions (1) and (2). Since this theory is solid
ly based on these assumptions, it cannot be correct as it stands. As 
a solution to these problems we will therefore outline a descrip
tion of nature in which consciousness appears as a primary, 
irreducible feature of the absolute truth, lying beyond the reach of 
mathematical description. 

In this description, consciousness enters as a natural analogue 
of the basic laws of nature figuring in the conventional theories of 
physics. It thus plays the role of an active constituent of nature. 
The following chart compares the role of consciousness in this 
view to the principle of electrical interaction in standard physics. 

En tities Electrons "Quan ta" of 
consciousness 

Principle of 
Electric field 

Absolute 
in teraction consciousness 

Just as the electrons interact with other matter through the agency 
of the electric field (in the standard theory), so the individual con
scious entities, or "quanta" of consciousness, interact with matter 
through the agency of absolute consciousness. However, whereas 
the electrical interaction is described by certain simple equations 
(called Maxwell's equations in the standard theory), the interaction 
of the conscious entities cannot be described in this way. This 
mathematical indescribability will be reflected by the behavior of 
matter-insofar as matter is affected by these interactions, its 
behavior will also defy reduction to any simple mathematical 
scheme. 

Although this description of nature forms a natural extension 
of the standard theories, it is also consistent with a much older 
conception of nature epitomized by the ancient Sanskrit text, 
the Bhagavad-gltii.4 As such it has many profound implications 
about the nature and potentialities of life which take us far be
yond the limited schemes of modern biological theory. We feel 
that it deserves serious consideration both for this reason and for 
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the elegant and natural way in which it resolves basic difficulties in 
modern physics. 

Once when the physicist Niels Bohr was asked whether the 
known laws of physics would account for life, or whether life in
volved some higher principles as yet unknown, he replied that he 
did not know. He went on to say, however, that a scientist must 
be very conservative in his thinking, and very hesitant to discard 
old concepts or adopt new ones unless compelled to do so by over
whelming evidence.5 He said that we should therefore act on the 
assumption that the known laws of physics, as embodied in the 
theory of quantum mechanics, would suffice to give us a complete 
understanding of the phenomena of life. 

We would like to suggest that Bohr's conservatism was mis
placed. Bohr was proposing that conservatism means sticking to the 
most radical and speculative theory that science had yet produced 
-a theory which was poorly understood, full of unresolved para
doxes, and tested only in limited circumstances. 

A much more fruitful conservative approach entails the ancient 
understanding that the fundamental principle of life is an entity
the self or atma (quantum of consciousness )-which is not reducible 
to matter. As such, this approach is not merely a theoretical exer
cise, but it has many practical, empirical consequences. In particular, 
it entails the direct observation and study of the atma and its rela
tionship with the absolute consciousness, or paramatma. Some of 
the principles governing this study are briefly outlined in the last 
section. 
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II. 

The Representation of Nature by Mathematical Laws 

Historical Outline 

The wise have explained that one result is derived from the culture 
of knowledge and that a different result is obtained from the culture 
of nescience. 

-SrT /sopani$ad 

The earliest known attempts to describe nature by means of 
mathematical laws date back to the most ancient of times and con
cern the subject of astronomy. These involve tables of numbers 
and systems of calculation used to predict the positions of the sun, 
moon, and planets at different times. Also dating back to ancient 
times were the Pythagorean philosophers who propounded the 
doctrine that everything in nature is based on numbers and acts 
according to numerical laws. They are known for their description 
of the musical tones produced by vibrating strings in terms of 
numerical ratios. 

The speculations of these philosophers demonstrated some of 
the characteristic features which, as we shall see, have been shared 
by all attempts to describe nature by mathematics. One of these 
features is the tendency to regard some mathematical structure or 
relationship as an absolute principle underlying all reality. Thus 
the Pythagoreans thought that reality must be based on the prop
erties of ratios of whole numbers. Likewise, certain Greek 
astronomers believed that the circle must be the basis of all 
motion, and they therefore attempted to describe the motions of 
the planets in terms of a system of wheels turning on wheels. Both 
of these schemes also exhibited another characteristic feature. 
They were both eventually seen to be false as fundamental 
principles and of limited value as descriptive devices. Neither is 
given much importance today. 

In more recent times Galileo studied the flight of heavy ob
jects through the air and found that their trajectories closely 
approximated the geometrical curves known as parabolas. With the 
development of analytic geometry by Descartes, it became pos
sible to represent such curves by numbers, and by simple equations 
relating these numbers to one another. This is illustrated in Figure 
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1. The vertical and horizontal displacements of a cannonball at 
times tJ , t 2 , and t3 are represented by vertical coordinates y I , Y2 , 
and Y3 and horizontal coordinates XI, X2 , and X3 . In this example 
the x and y coordinates for the curve representing the flight of the 
cannonball are related by a simple formula: y = 100 - x 2 /10. 

With the work of Newton this kind of representation of nature 
was greatly extended. Newton developed general laws for comput
ing the trajectories of flying objects, and he applied these both to 
heavenly bodies and objects on the earth. His success in this 
attempt marked the beginning of the modem period in the de
velopment of science, in which the ideal goal of scientific investi
gation has been to describe nature in terms of exact numerical 
relationships between measurable quantities. 

Newton dealt mainly with mathematically predicting the 
movements of large objects, such as cannonballs or planets, but he 
made the suggestion that his basic principles might have universal 
applicability.6 As scientists began to develop and extend his work, 
the conception became widely accepted that all of nature could be 
described by numbers corresponding to measurable quantities, 
and that all the phenomena of nature could be described by 
mathematical "laws" relating these numbers to one another. Thus, 
not only would the gross movement of a cannonball be numerically 
described, but the cannonball itself, the cannon, the man who 
fired it, and ultimately the entire universe . 

./ ..... 
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Figure 1. Galileo's law for the flight 
of a cannon ball. 
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This program required the drastic philosophical assumption 
that there exists an exact one-to-one correlation between the 
features of reality and numbers in some mathematical system. In 
fact, this assumption, which is reminiscent of the philosophy of 
the Pythagoreans, soon became almost universally accepted among 
Western scientists. Here is a recent formulation of this assumption 
by Albert Einstein. 

Every element of the physical reality must have a counterpart in the 
physical theory. We shall call this the condition of completeness. 7 

Here the term "physical theory" refers to some mathematical sys
tem, and "physical reality" simply means reality, for everything is 
assumed to be physical. 

By the beginning of the nineteenth century it was believed that 
this program had in fact been successfully carried out, and thus 
the famous French scientist Pierre de Laplace was able to assert 
that "all the effects of nature are only the mathematical conse
quences of a small number of immutable laws."8 He believed that 
the universe is made up of atomic particles and that the exact con
dition of the universe at anyone time could be given by specifying 
the exact positions and velocities of those particles with respect to 
a system of coordinates. He claimed that given these positions and 
velocities he could, at least in principle, calculate the entire past, 
present, and future of the universe from the "laws of motion" 
governing the particles. 

This is the famous mechanical conception of the universe 
which became the foundation of the nineteenth century philosophy 
of materialism. Essentially, the mathematical equations Newton 
had used to describe the gross movement of large objects were 
applied to atoms and interpreted as the universal principles under
lying the world as a whole. This world view is illustrated in Figure 
2. The atoms are depicted as little balls moving through space 
under the influence of forces of mutual attraction and repulsion. 
Each atom is described by seven numbers: a mass, m, three co
ordinates of position, q, , q2, and Q3, and three coordinates of 
momentum, PI, P2, and PJ. The complete list of these numbers for 
all the atoms making up the universe was taken as a complete and 
exact numerical description of reality in total. Thus the atom was 
accepted as the ultimate "element of physical reality" in the sense 
of Einstein's definition, and was not regarded as having any 
features apart from position, momentum, and mass. 
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m3 Q6· Q7·QS 

Figure 2. The Laplacian view of the world 
as a swarm of atomic particles. 

In Figure 3 we have indicated the equations governing the 
motion of these atoms. These are Newton's laws in a form devel
oped by the mathematician William Hamilton. 

We have described this picture of reality in some detail because 
it possesses the essential features of all subsequent scientific 
descriptions of nature. In this system the exact motion of all the 
atoms is determined by equations (1) through (4,) and their posi
tions and velocities at one particular moment. These equations are 
thus referred to as the "laws of nature." The positions and veloc
ities may be specified for any moment in time, but since they are 
generally chosen for the beginning time of the phenomena being 
investigated, they are called initial conditions. Taken together, 
these natural laws and the initial conditions constitute the absolute 
truth in this world system, since no further causative principle is 
granted to exist. 

In this world view, the absolute truth appears as a rather 
awkward composite of two quite dissimilar things. The initial con
ditions are simply an arbitrary list of data, whereas the natural 
laws appear as ultimate, all-pervading, and non-material causative 
principles. Fundamental natural laws are presumed by definition 
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dqk aH (p,q) 
(1) 

dPk aH (p,cD --- --
dt apk dt aqk 

(2) 

=~ 
p2 + 2 + 2 

H(p,q) 
3i P3i+l P3i+2 

+ V(Cn 
2mi 

(3) 

The potential, V, represents the forces of attraction and repulsion be
tween the atoms, and is of the form: 

" K.. V(q)=L.-i IJ (4) 
. > j /2 
1 ~ k:!q3i+k - q3j+k)2 

Figure 3_ Newton's laws. 

to be invariant both in time and space. If a law is to change from 
moment to moment, or from place to place, then it is normally 
assumed in scientific practice that this change must be due to the 
influence of an underlying law which is spatially and temporally 
invariant. 

Also, the laws of nature must be due to some existing but non
material cause--something that is real but that cannot be visualized 
in our customary way as a combination of some kind of elements. 
To illustrate this, consider two cannonballs separated by miles of 
empty space. According to the law of gravity, they will accelerate 
toward one another. What is it that acts across empty space to pull 
each ball unerringly toward the other? If the law of gravity is 
fundamental then we cannot break down this "something" into a 
combination of other things. If not, then other more basic laws are 
presumably involved. As we shall see, all the fundamental laws 
considered in the history of modern physics--such as Coulomb's 
law and Maxwell's laws of electromagnetism-have the same 
mysterious character. Something real must be acting, but that 
something is essentially inconceivable to the human mind. 

It is interesting to note that this very feature of Newton's sys
tem was rejected as "mysticism" and "occultism" during his time 
by the mechanistic school of natural philosophers in Europe. 
These men wanted to reduce all phenomena to direct physical 
pushes of object against object, but had failed to accomplish this. 
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However, even if they had succeeded, they would still have had to 
introduce some sort of inconceivable fundamental law. 9 Newton 
himself maintained that "it is inconceivable, that inanimate brute 
matter should, without the mediation of something else which is 
not material, operate upon and affect other matter without 
mutual contact."IO 

The initial conditions are a rather unsatisfying feature of this 
system because no indication is given as to why one particular set 
of initial positions and velocities should be chosen and not another. 
Newton had supposed that the initial conditions were chosen by 
God, Who then retired from the scene and allowed the universe to 
run automatically by Newton's laws. Other scientists, such as 
Laplace, were adamantly opposed to admitting the existence of 
God in any form, and they were forced to propose that the initial 
conditions just arbitrarily happened to be the way they were. 

This idea was rendered somewhat less unpalatable by suppos
ing that initially (at some time in the past) the atoms were 
arranged in the form of a big cloud of gas-a primordial nebula. It 
was supposed that Newton's laws would then act to generate the 
sun, the earth, the seas and continents, and the various living 
organisms, and that the atoms in the primordial cloud did not 
have to be arranged in any particularly precise way in order for 
this development to take place. Of course, this still left the origin 
of the cloud unexplained. It also elevated the laws of nature even 
more thoroughly into the position of the ultimate cause of all 
causes by granting them the capacity to create the entire universe 
out of chaos. 

This ultimate cause of all causes, however, was regarded as 
being equivalent to nothing more than two or three lines of equa
tions! In this system it was proposed that everything could be 
explained in terms of the composite action of large numbers of 
simple parts interacting according to extremely simple rules. The 
idea of describing nature in terms of combinations of atoms was 
not in itself new. The ancient Indian philosophers Gautama and 
Kanada had taught that "atomic combination is the original 
cause of the creation,"11 and the Greek philosopher, Democritus, 
had declared that, "ostensibly there is color, ostensibly sweetness, 
ostensibly bitterness, actually only atoms and the void. "12 The 
distinguishing characteristic of the modern systems has been the 
idea of completely describing the atoms and their behavior by 
means of the smallest possible number of exact mathematical laws. 

This world view thus reduced man to nothing but a transient 
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combination of atoms, each interacting with the others by simple 
pushes and pulls, and it therefore could give no account of the 
existence of consciousness. Since conscious awareness is the most 
immediate and undeniable feature of all of us, this point is very 
significant and deserves our careful attention. The physicist 
Eugene Wigner called consciousness "the first kind of reality" and 
noted that "the reality of my perceptions, sensations and con
sciousness is immediate and absolute."!3 All of our knowledge of 
the world is in fact dependent on this reality. Yet, no hint of it is 
to be found in the world picture depicted in Figure 2. 

This deficiency has generally been covered over by the con
fusion of consciousness with behavior. It is alleged that the inter
action of many atoms may indeed add up to produce the very 
complex patterns of motion characteristic of say, a human being. 
However, even if this were true, this complicated atomic motion 
could only account for the patterns of sensations, thoughts, and 
feelings. It could not account for our awareness of these things. 

After all, if there exists nothing but atoms rushing through 
space, and each atom is featureless and insentient, then the fact 
that these atoms happen to form a certain geometrical pattern on 
a large scale gives us no conception at all of why there should 
exist conscious awareness of that pattern. Each atom is a separate 
entity characterized by a particular momentum, mass, and posi
tion, and the total system is just a collection of these separate 
atoms. Why should there exist conscious awareness if atoms in the 
retina of an eye are arranged in the form of a certain image, or if 
the atoms in the brain are arranged in another pattern bearing 
some definite relationship with this one? Imagine a vast cloud of 
atoms similar to that depicted in Figure 2; if this is indeed all that 
there is, then who or what is perceiving the appearances of taste 
and color mentioned by Democritus? 

It might be objected here that perhaps the atoms possess other 
features that enable them to generate consciousness by combining 
together. The answer is that in this case we would be dealing with 
another theory. The fundamental elements in this theoretical sys
tem have already been identified, and no other features of this sort 
are included among them. If a mathematical theory of these 
features were possible, then they would have to correspond to 
arrangements of numbers within that theory. However, as we 
examine each of the main scientific theories of nature in turn, we 
shall not find such a numerical scheme. An alternative possibility 
is that consciousness may correspond to features of reality which 
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are not amenable to mathematical description. We propose that 
this is in fact the case, and we shall consider this in greater detail 
later. 

Another important feature of this world system is that it is not 
at all clear that matter actually does behave according to the laws 
of motion. It is well known that Newton's laws of motion can be 
solved exactly for at most two moving bodies if we assume that 
forces vary with the inverse square of the distance. (This is the 
standard assumption.) For larger numbers of bodies approxima
tions must be used, and these quickly become very involved and 
cumbersome as the number increases. For systems of many billions 
of atoms there is no question of even approximately solving the 
equations of motion, and therefore there is no way of practically 
finding out whether the theory really does duplicate the phe
nomena of nature. In view of its serious deficiencies, it therefore 
seems astonishing that this system could be seriously proposed as 
an exact description of universal reality. 

Of course, the precise model of reality proposed by Laplace is 
no longer considered to be valid. In the 1860's a revolutionary 
change took place in the scientific conception of the fundamental 
nature of matter. An entirely new type of mathematical construct 
was introduced into physics by James Clerk Maxwell in order to 
account for the phenomena of electricity and magnetism, and this 
was accompanied by a new system of natural laws. Maxwell's 
theory was considered to be particularly important because it was 
able to account for the wave-like properties of light discovered by 
other investigators, such as Fresnel and Young. These properties 
had never oeen successfully explained by the earlier theory. 

As a result of this revolution, physicists now employed vector 
fields in addition to the atomic particle coordinates considered by 
Laplace. A vector may be thought of as an arrow pointing in a cer
tain direction with its base at a certain location. A vector field 
may be thought of as an array of such arrows arranged so that each 
point in space lies at the base of exactly one of the arrows. In 
Maxwell's theory of electromagnetism, two vector fields of this 
type were introduced-the field, E, to describe electrical forces, 
and the field, 11, to describe magnetic forces. 

Figure 4 illustrates a typical arrangement of these two fields. 
The horizontal arrows represent the magnetic field, and the ver
tical arrows represent the electrical field. The complete distribu
tion of these arrows in the form of perpendicular sinosoidal curves 
is shown along the x-axis. The arrows may be visualized in a similar 
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Figure 4. The vector fields for a beam of polarized light. 

distribution along each line parallel to the x-axis. This picture 
represents a beam of light of a single frequency moving in the x
direction, as described by Maxwell's theory. 

Figure 5 depicts the equations introduced by Maxwell to 
describe the transformation of the electric and magnetic fields 
with the passage of time. Here, p refers to the density of charged 
particles in space and J describes their flow. J is called electrical 
current. In this theory the atomic particles were given the new 
property of electrical charge, which could be positive, negative, 
or neutral. 

For some time after this new theory was introduced, scientists 
attempted to represent the vector fields somehow or other in 
terms of arrangements of moving atoms and other mechanical con-

\7XE=- 1 aH \7XH=- 1 aE 
+ (7) (5) 

c at c at 
41TJ 

\7'H=o (6) \7. E = 41TP (8) 

Figure 5. Maxwell's equations. 
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structs, such as fluids and elastic solids, which could be treated as 
limiting cases of systems of atoms. In this way they tried to retain 
the absolute and final status they had attributed to their original 
theory. Gradually, however, they abandoned these attempts as 
unworkable and adopted the view that electric and magnetic fields 
have an existence of their own which is independent of atoms. The 
world was now visualized as consisting of two components: vector 
fields extending continuously through space, and large numbers of 
localized atomic particles. The original natural laws indicated in 
Figure 3 were now amended to include Maxwell's equations, and 
terms were also added to them corresponding to the forces exerted 
on the particles by the fields (the Lorentz force law). 

Apparently some thirty years were required for this transition 
in thinking to become accepted. The physicist Freeman Dyson has 
given an interesting explanation as to why so much time was 
needed for this.14 According to him, the scientists of that time 
were limited in their thinking to the concepts and language of 
their old theory, and as a result they were practically unable to 
conceive of anything new. Max Planck has also described this 
phenomenon by remarking that "A new scientific truth does not 
triumph by convincing its opponents and making them see the 
light, but rather because its opponents eventually die, and a new 
generation grows up that is familiar with it."ls We can understand 
from this that even though a given scientific theory falls far short 
of giving a complete and correct account of reality, those people 
who are limited in their education to the concepts and language of 
that theory will be unable to see this without great difficulty. 

This phenomenon of human psychology has serious implica
tions concerning the scientific process of acquiring knowledge. As 
we will see later on, there is ample reason to think that the current 
generation of scientists and students of science is similarly bound 
within a limited and defective conceptual framework. The slow 
and painful procedure of gradually devising very limited concepts, 
falling under the illusion that they represent universal truth, and 
then yielding to new concepts, can only be expected to lead to 
true understanding if reality is a very limited and simple affair. If 
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Figure 6. The Loren tz force law. 
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it is not so simple, then this procedure can only be expected to 
lead to practically permanent entanglement in illusion and igno
rance. In the last section we will outline an alternative method of 
obtaining knowledge which is opened up if reality is not, in fact, 
limited to the narrow scheme of numerical representability which 
has been adopted by modem science. For now, however, we shall 
continue to examine the predicament of modem attempts to 
devise a mathematical description of nature. 

As soon as the transition to the new ideas was accomplished, 
the new world system was given the same complete and absolute 
status that had once belonged to the earlier theory. Some scientists 
in England even went so far as to declare that now everything 
fundamental about reality had been discovered and that scientists 
of the future would have nothing left to do but work out the con
sequences of these discoveries in greater and greater detail. This in 
fact became the prevailing view among physicists toward the end 
of the nineteenth century. 

The same fundamental considerations we made concerning the 
Laplacian atomic theory also apply with equal weight to this 
world view. In particular, the addition of vector fields to the 
physical picture cannot account for the phenomenon of conscious 
awareness. Suppose that we now visualize a brain as an immense 
swarm of atomic particles situated in the midst of a great sea of 
arrows extending to various lengths in various directions. If these 
move according to the natural laws, then each will vary in position 
and direction in a simple and rigidly determined way depending on 
the arrangement of the other arrows and particles. Since there is 
nothing there but arrows and particles in motion, we have no 
reason to suppose that there will exist any awareness there, regard
less of what the overall arrangement of the arrows and particles 
may be. The fundamental ingredient that yields consciousness has 
evidently been omitted from this picture. 

We should stress again that consciousness refers to the undeni
ably existent awareness that "I see," or "I think," as opposed to 
patterns of behavior, such as the vibration of the sound, "I see," 
which may accompany such awareness. It is sometimes claimed 
that consciousness will be described as a property of matter ana
logous, for example, to wetness or hardness. However, strictly 
speaking, these properties presuppose consciousness since they are 
perceptions. Thus, wetness is more than simply a designation for a 
class of material configurations which one might hope to define by 
some numerical relationship. Any account of wetness must include 
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the senses, the mind, and ultimately the consciousness of a per
ceiving person. It explains nothing to say that consciousness is 
analogous to a physical property which, in its very definition, 
makes implicit reference to consciousness itself. 

It has sometimes even been proposed that consciousness is an 
illusion, but then who or what is deluded? We might hope to de
scribe patterns of matter corresponding to states of wetness or 
states of delusion, but to account for awareness of these patterns 
is a completely different problem. 

Our basic theme has been that consciousness cannot be under
stood simply in terms of a collection of non-sentient entities, such 
as arrows or particles, which are thought to constitute matter. In 
this system, however, we encounter a new problem which, as we 
shall see, has become even more serious with the development of 
quantum mechanics in the twentieth century: it is very hard to 
identify just which elements of the theoretical system are to be 
regarded as real and which ones should be regarded simply as 
mathematical artifices. This results in a complete breakdown in 
the idea that a mathematical description of nature can be found in 
which there exists a one-to-one correspondence between arrange
ments of numbers and "elements of reality." 

In order to illustrate this, let us consider the electric and 
magnetic fields, E and H, of the electromagnetic theory. If these 
are visualized as in Figure 4, we may tend to suppose that these 
arrays of arrows in space are to be regarded as actually existing 
components of reality, just as the atoms in Figure 2 were regarded 
as actually existent particles. However, closer examination shows 
that this naive view is not really justified. For example, both E and 
H can be expressed in terms of a new vector field, X, called the 
vector potential. All of the various equations of the theory can 
then be reformulated in terms of A without any mention of the 
original E and H. We are therefore led to inquire: is A just a math
ematical artifice, or does it actually exist, and are E and H just 
artificial constructs? 

Actually, this system can be reformulated in many different 
ways. In Figure 7 we illustrate a reformulation which proved to be 
important in the later development of quantum mechanics. In this 
formulation, we still find the familiar atomic particles. However, 
the vector fields have completely disappeared. In their place we 
find a new class of entities, called "radiation oscillators," which 
possess position and momentum but which cannot be thought of 
as particles having an actual existence in space. These entities are 
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Figure 7. The " mechanical " model of atomic particles in an electromagnetic 
field. 

governed by a new set of natural laws, illustrated in Figure 8. 
Since these laws possess a formal structure similar to that given for 
Newton's laws in Figure 3, this formulation o f the theory is called 
the " mechanical model. "l€> 

The important point here is that with these developments the 
idea of giving an exact mathematical description of reality has 
completely dissolved. All of these different formulations give the 
same experimental predictions, because they are simply mathe· 
matical transformations of one another. Therefore, each one might 
just as well be regarded as a description of reality as the other. 
Each one might likewise be regarded as an artificial mathematical 
scheme. From this point on scientists have increasingly had to re
nounce the idea of determining an actual breakdown of reality 
into a combination of basic mathematically describable elements . 
Instead, they have been forced more and more to adopt the point 
o f view that a mathematical theory is simply a calculational device 
which is of value to the extent that it correctly predicts the 
relati onship observed between experimental measurements. 
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Here, V is the same as in Figure 3, except that now electrical charge is 
considered. Thus K;j = eie j - GMiM j . 
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Figure 8. Equations for the mechanical model 17 of electromagnetic theory. 

This should illustrate the futility of trying to ascertain absolute 
knowledge by this kind of speculative approach. Even if we now 
wish to think that Figure 8 depicts the absolute truth, rather than 
Figure 3, we find that we cannot ascertain any clear idea of how 
these equations actually relate to reality. Returning to the ques
tion of consciousness, we can see that if we regard the elements of 
anyone of these formulations as equivalent to the "elements of 
reality," then we are again left with the problem of understanding 
why a collection of separate insentient entities should be con
scious. On the other hand, if we regard the theory simply as a 
computational device, then we are admitting that it is an incom
plete description of reality which need not even be expected to 
refer to consciousness. It cannot be thought of as complete or 
absolute. 

However, this theory did not retain its absolute status for long. 
It was soon realized that it failed in many ways to give correct de
scriptions of the phenomena of nature. One of the most dramatic 
of these failures lay in its prediction that matter would be unstable. 
According to the theory, matter must be composed of nearly 
equal numbers of positive and negative charges since it tends to be 
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electrically neutral on a large scale. However, the theory predicted 
that a positive and a negative particle would tend to fall together 
and release their mutual potential energy to the radiation field. 
Thus, a piece of matter would be expected to quickly release a 
large amount of radiant energy and either explode or transform 
itself into a mass of electrically neutral particles. (Some assump
tions about the structure of the particles were also needed here
two point charges would release an infinite amount of radiation as 
they fell together.) 

In addition, the theory was found to be at variance with the 
results of an increasing number of experiments. As this evidence 
was accumulated, the need was gradually felt for a completely new 
approach. By the twenties of this century a new theory had been 
developed which involved a fundamental revision in the scientific 
concept of the nature of matter. This came to be known as the 
theory of quantum mechanics. 

At the present time, quantum mechanics is the dominant 
theory of physics. 18 It is now widely believed that, at least in its 
basic structure, this theory provides a complete and fundamental 
description of reality. To be sure, many mysterious things have 
been discovered in the investigation of matter at high energies, and 
some scientists have proposed that an entirely new theory will be 
required to account for them. However, the general view is that 
these discoveries can be explained within the basic framework of 
the theory by the addition of new quantum laws and variables. 

The basic principles of the theory are almost universally re
garded as inviolable. In the range of energies in which ordinary 
chemical reactions take place, it is accepted that this theory gives 
a complete and correct account of all phenomena as it stands. As 
we pointed out in the introduction, life is regarded by orthodox 
scientists as a chemical phenomenon of this type. 

As we shall see in the next section, however, this theory 
suffers from fundamental defects which rule it out as a valid de
scription of matter, even on the level of ordinary chemistry. 
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III. 

The Theory of Quantum Mechanics 

One is no longer able to describe or even to think about any well
defined connections between the phenomena at a given time and 
those at an earlier time. 

-David Bohm 

In this section we will give a brief description of the view 
of nature presented by the theory of quantum mechanics. Strictly 
speaking, if quantum mechanics could be said to give an absolute 
description of the world at all, this would have to be provided by 
that form of the theory known as relativistic quantum mechanics. 
This version of the theory takes into account the theory of rela
tivity enunciated by Albert Einstein. However, the mathematical 
analysis which it entails is very involved, and, in the words of one 
physicist, is "exempt neither of difficulties nor even of contradic
tions."19 For this reason, we will deal mainly with the nonrela
tivistic theory (known simply as quantum mechanics or quantum 
theory). All the features of this theory with which we shall be 
interested also carry over to the relativistic theory. 

First, let us consider the basic mathematical structures used to 
describe nature in quantum mechanics. One of the main features 
of this theory is that it builds in a systematic way on the mechani
cal theory of the 19th century. Formally, quantum mechanics is 
based on a set of mathematical operations, called correspondence 
rules, whereby one can convert a mechanical model of nature in 
terms of moving particles into a new mathematical form which 
could be called a quantum mechanical model. This is why the 
mechanical model of the electromagnetic theory mentioned at the 
end of the last section proved useful, even though the theory was 
not originally visualized in that form. Since this model involved 
particles moving according to mechanical laws of motion, it was 
possible to convert it into a quantum mechanical model. 

We will briefly outline the most basic elements of the theory 
without attempting to explain how scientists were historically 
motivated to introduce them. Then we will illustrate the theory by 
some practical examples in order to clearly bring out its implica
tions. 
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The Wave Function 

The basic constituent of a quantum mechanical model is an 
entity called the state of the system. The state can be represented 
mathematically in many different ways, but the simplest to de
scribe is the representation known as the wave function. If the 
model is based on a mechanical model with particles at locations, 
ql , ... ,qn, then the wave function will be a complex valued func
tion, "i(ql, ... ,qn,t), of these variables and the time, t.20 The 
basic premise of the theory is that at any time, t, the wave function 
provides the most complete description possible of the physical 
system at that moment in time. Thus, the wave function plays a 
role analogous to the list of particle coordinates and momenta, 
q,., ... ,qn; PI, ... ,Pn , believed to provide a complete description 
of the condition of the system in the 19th century mechanical 
theory. 

The Schrodinger Equation 

As time passes, the wave function is assumed to change in ac
cordance with a certain differential equation, called the Schrodinger 
equation. The general form of this equation is illustrated in Figure 
9(14). For any particular quantum mechanical model a specific 
Schrodinger equation is built up in a systematic way from the equa
tions of motion of the corresponding mechanical model. Figure 
9(15) shows the form taken by this equation when the mechanical 
model is the Laplacian world system illustrated in Figures 2 and 3 
of the last section. 

The Schrodinger equation corresponds to the basic equations 
of motion of the earlier theories. It determines the transformations 
of the wave function with time corresponding to the action of the 
various physical forces within the system. The quantum mechani
cal force laws are generally based directly on the force laws of the 
underlying mechanical system, although some of them involve 
variables, such as those describing spin, which belong uniquely to 
the quantum mechanical theory. All of the quantum mechanical 
force laws are summed up in the term, Je, which is known as the 
Hamiltonian operator of the system. 

As in the older theories, this transformation of the wave func
tion with time is uniquely determined by the equation of motion
the Schrodinger equation-and the initial condition, 1J!(ql , ... ,qn' 
to ), of the wave function at some arbitrary time, to, in the past. In 
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In (15) the term for J{ is obtained from the H of Figure 3 by (16) 
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These are called correspondence rules. 

Figure 9. The Schrodinger equation. 

this theory also, no causative principles are granted to exist in 
nature other than the initial conditions and the laws of motion. 
However, the theory does introduce another principle of trans
formation-pure or causeless chance-not found in any of the 
earlier theories. 

The Connection Between the Wave Function and Reality 

In order to understand the significance· of this formal apparatus 
we must see how the wave function, 1/1, is related in this theory 
with the actual phenomena it is supposed to describe. Unfortu
nately, this relationship is expressed in terms of a very compli
cated and abstract mathematical scheme involving such things as 
Hilbert space, inner products, unbounded Hermetian operators, 
and systems of orthonormal basis vectors. In this paper, however, 
we will try to give a simple presentation and avoid introducing 
these complexities as much as possible. We will begin with a 
simple example which will indicate some of the main features of 
the wave function. 

Figure 10 depicts a simple mechanical model and its corres-
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Figure 10. A simple quantum mechanical model. 

ponding wave function. This model can be thought of as represent· 
ing two small particles which are free to move up and down on a 
vertical wire. The variables QI and Q2 measure the position of 
these particles on the wire, and the wave function at a fixed time 
will be a function, !Jt(ql ,q,). of these two variables. Each point in 
the plane can be associated with a configuration, (QI ,Q, ), of the 
two particles if we let q l and ql designate the x and y coordinates 
of the point . The absolute value of the wave function squared , or 
11,!I(QI ,Ql W, may be visualized as a surface with hills and valleys 
standing above the piane-the height of the surface above the point 
(ql ,Ql ) equals the value of liJI(QI ,QI W. In this example, 1\!Il l is 
assumed to be very small except in two places, marked (a) and (b), 
where it takes on large values. 

The basic interpretation of the wave function is that its abso
lute value squared, Il/!(ql ,ql)l l , represents the probability of find
ing the first particle at ql and the second particle at ql .ll This is 
known as the Born interpretation. In this particular illustration , 
the wave function is shown with large values in the region (a), and 
this must therefore be interpreted to mean that q. and ql will be 
very likely to have positions corresponding to points (ql ,ql) in 
this region. These are roughly t.he positions, q . and ql, of the 
particles as sho wn in the figure. 

However, the wave function is also shown to have large values 
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in the region (b). The points, (q'l ,q'z), in this region correspond to 
the alternate positions of the particles shown in the figure by 
dotted circles. Thus we can see that the quantum mechanical wave 
function does not give an exact description of nature-it is by 
definition statistical. It is consequently possible for the wave func
tion to give an ambiguous account of the arrangement of matter it 
describes. 

In this example, the wave function indicated two alternative 
arrangements for the particles and did not distinguish between 
them. In order for the function to indicate an exact location for 
the two particles it would have to be concentrated on one point, 
(ql ,qz ), and be equal to zero at all other points. On the other 
hand, if the function is non-zero over the whole xy plane, then it 
may not give any indication at all about the locations of the 
particles. 

These traits of the wave function also apply to general 
mechanical systems, although they become harder to visualize 
since the wave functions for systems of many particles have their 
domains in highly multi-dimensional space. For a system of n 
particles the wave function will have 3n variables, since the loca
tion of each particle in three dimensional space is given by three 
coordinates. For such a function, the diagram in Figure 10 would 
correspond to a 3n dimensional "surface" in 3n + 1 dimensional 
space. For large systems, such as a model of a human being, this 
number of dimensions will be enormous. As an indication of the 
size of n, consider that one gram molecular weight of a substance 
(e.g., 32 grams of oxygen, O2 ) is estimated to contain 6 X 1023 

molecules, each involving several particles, such as electrons and 
nuclei. This shows that the wave function cannot in any way be 
thought of as an entity actually existing in three dimensional space 
in the way the particles and electromagnetic fields of the earlier 
theories were believed to exist. 22 

Such a wave function can also be highly ambiguous in its de
scription of matter. Figure 21 indicates the kind of ambiguous 
account which can be given by the wave function for a theoretical 
'!lodel of a human being. The possibility of such ambiguity becomes 
especially striking if we consider that in the theory of quantum 
mechanics, the wave function is considered to provide a com
plete description of the material arrangement of the system. In 
the words of one prominent physicist, "given any object, all the 
possible knowledge concerning that object can be given as its wave 
function. ,,23 No more extensive knowledge about the system is 
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considered to be possible, even in principle. This means that if the 
system is in a state corresponding to an ambiguous wave function, 
then the ambiguity must be considered to be absolute-the material 
system actually is ambiguous. In the example in Figure 21, this 
implies that the man is neither in one situation nor another-his 
situation is essentially indeterminant. 

The Heisenberg Uncertainty Principle 

Before describing how this rather contradictory looking situa
tion is dealt with in the theory of quantum mechanics, we should 
first note that every quantum mechanical wave function must 
possess some degree of ambiguity. 

Thus far we have indicated the relation posited between 1/1 and 
the positions of particles in the underlying mechanical system. In 
addition to the particle coordinates, ill, ... ,<In' the classical 
theory also dealt with the momenta, PI , ... ,Pn , of the particles. 
(Momentum is defined as mass times velocity, or P =:: my.) Ac ~ord
ing to the theory, there is a transformation which will com,xt 
1/1 (<II , ... ,<In) into a new function, ¢(PI, ... ,Pn), which depends 
on the momentum coordinates. This transformation, known 
technically as a Fourier transform, is illustrated in Figure 11. This 
form of the wave function enables us to find the momenta of the 
particles. Just as 11/1 (cit, ... ,<In W was interpreted as representing 
the probability that the particles will be found in the locations, 
<II, ... ,<In' SO the value of ICP(PI , ... ,Pn)l2 is interpreted as repre
senting the probability that the particles have momenta, PI , ... 'Pn 

The transformation between 1/1 and cP is such that there must 
be a reciprocal relation between the ambiguity of 1/1 and that of cp. 
This relationship is summed up in the famous Heisenberg uncer
tainty principle, 

Here, ~p measures the ambiguity in the momentum of some part 
of the system (Le., of some particular collection of particles), and 
.1 Q measures the ambiguity in its position. The quantity, h, is a 
basic constant which is assigned a value of about 10-27 erg-sec. It 
follows that the wave function must always give some degree of 
uncertainty or ambiguity to either the position or the momentum 
of the parts of the system. 
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Figure 11. Transformation of the wave function from "configuration space" 
to "momentum space.,,24 

This is commonly interpreted to mean that both P and Q have 
exactly defined values, but that the nature of experimental measure
ment is such that any measurement of P must involve some inevita
ble unpredictable disturbance in Q, and vice versa. Therefore, one 
can never obtain exact knowledge of both P and Q at once, even 
though they do possess exact values. The example is often given 
that if we use a high energy photon to determine the position of 
an electron, we can obtain an accurate value, but at the same time 
we must produce a large and uncertain change in the momentum 
of the electron. On the other hand, if we use a low energy photon 
we will not affect the momentum as greatly, but we will also not 
be able to obtain as accurate a value for the electron's position. 

This interpretation of the uncertainty principle is widely held 
among scientists, particularly those outside the field of physics, 
such as biologists and chemists. However, it is actually not correct. 
If the theory is closely examined, we find that it is the possibility 
of making a measurement, rather than the measurement itself, 
which causes the uncertainty. According to Werner Heisenberg, 
"what is meant by the inevitable encroachment of the measuring 
process on the phenomenon is the possibility of measurement, i.e., 
the existence of the measuring device. For it is this possibility 
which ... leads to the uncertainty relation. ,,25 

In order to clarify these rather obscure matters we shall not 
rely upon popular verbal interpretations of quantum theory. 
Rather, we shall work directly from the mathematical formalism 
which constitutes the theory itself, and see where it leads. The im
plications of the uncertainty relation will become clearer once we 
have analyzed what is known as the "reduction of the wave 
packet." For the moment we simply note that if the wave func
tion is taken as the most complete description of the system, then 
the uncertainty relation implies that nature is inherently ambiguous. 

What does it mean to say that a physical situation is inherently 
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ambiguous? Since the constant, h, is very small, it is possible for 
both .1P and .1Q to be smaller than the size of the experimental 
errors which one would inevitably expect to make in a practical 
measurement of momentum or position. One possible practical 
resolution of this question is therefore the proposal that this ambi
guity is an aspect of nature with which we have no direct experience 
because its magnitude is so small as to be imperceptible. One 
might argue that only wave functions possessing such a practically 
unobservable degree of ambiguity should be admitted as valid 
descriptions of nature. 

The Reduction of the Wave Packet 

However, it is quite possible for small ambiguities of the order 
of magnitude of h to magnify greatly with the passage of time if 
the wave function is assumed to vary according to the Schrodinger 
equation. This ambiguity may readily increase without limit, 
producing situations like that illustrated in Figure 21 or worse. 
For this reason, the theory must admit wave functions with very 
large ambiguities as valid descriptions of reality. 

The basic question, "What is the nature of consciousness?" 
enters more directly into the theory of quantum mechanics than it 
did into the previous theories we have discussed. Those theories 
made no explicit reference to consciousness, and the question 
arose only when we considered the application of the theory to 
human life. In quantum mechanics, however, this question arises 
as soon as we try to understand how the theory describes matter, 
even though the study of life may not seem to be directly involved. 
This is due to the following two properties of quantum mechanical 
descriptions of nature: 

(1) These descriptions are accepted as being complete. That is, 
they leave out no observable feature of the situation which 
is being described. 

(2) Some of these descriptions display large ambiguities in the 
location and disposition of material objects. 

These properties conflict with the following elementary property 
of conscious existence. This property is the most direct and im
mediate feature of our experience. We state it in some detail only 
because it may tend to be forgotten by a person who is bewildered 
by the fonnidable mathematical manipulations and abstract con
cepts of modern science. 
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(3) Each person has individual conscious awareness of though ts, 
feelings, and sense perceptions. This awareness is definite 
for large scale objects. We may not be able to perceive 
what atoms are doing but we can see whether a table is on 
one side of a room or the other. Also, this awareness con
tinues through time. Each person was consciously aware in 
the past, and his present memories, although imperfect, are 
consistent with his actual past conscious experience. 

Since our experience is definite, (1) must be contradicted if we ob
serve a situation corresponding to a wave function with large scale 
ambiguities. We see a definite situation and thus acquire informa
tion which was not present in the wave function. This becomes 
even worse if we put a human being into the picture and require 
quantum mechanics to describe him. If his wave function be
comes ambiguous as in Figure 21, then (1) completely denies (3). 

The standard quantum mechanical solution to this dilemma 
has been to invoke what is known as the reduction of the wave 
packet. In order to explain this we must describe two additional 
features of the quantum theory: the superposition principle and 
the normalization of the wave function. We will illustrate these 
features by considering a wave function, 1/1 (q), for a mechanical 
system consisting of a single particle constrained to move along a 
straight line. The variable, q, will denote the position of the par
ticle along the line. 

First, let us define more clearly what is meant by saying that 
11/1 (qW represents the probability that the particle will be found in 
the position, q. This is illustrated in Figure 12. The probability 
that the particle will be found between the points a and b on the 
line is defined to be equal to the area under the curve, 11/1 (q)12 , 
between a and b.26 This probability will therefore be equal to the 
difference between a and b mUltiplied by the average height of 
the curve between these two points. Likewise, the total area under 
the curve is equal to the probability that the particle will be found 
somewhere on the line. Since it must definitly be found some
where, this probability is conventionally set equal to 1, meaning 
100% certainty. It is therefore required that the total area under 
the curve, 11/1 (qW, must equal 1. This is called the condition of 
normaliza tion. 

If 1/11 (q) and 1/12 (q) are wave functions and u and v are num
bers, then we can define a new function, 1/1 (q) = Ul/ll (q) + vI/l 2(q), 
by ordinary multiplication and addition. As long as this new func-
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Figure 12. The probability that q lies between a and b. 

ticn is normalized, it is accepted as a valid wave function. (This will 
be true if lull + [v11 = 1.) This is called the superposition principle. 

Figure 13 illustrates a particular example of this principle. In 
this figure, the wave function, ,p, is shown with two peaks, one 
baving an area of 3A and the other an area of 'A. Let us suppose 
that each peak is very narrow, but that the separation between 
them is large (as is shown in the figure). Then'" may be inter
preted as conveying the ambiguous information that the particle 
is near A with probability 3,4 and near B with probability lA. The 
wave functions '" I and Vi 1. on the other hand, each give fairly 
unambiguous information about the location of the particle. 
(The wave function in Figure 10 can similarly be broken down 
into the superposition of two comparatively unambiguous wave 
functions concentrated near (a) and (b), respectively.) 

This example gives some indication of how a wave function 
with a large ambiguity can be broken down into a superposition 
of wave functions, each of which separately has only a small ambi
guity. The " reduction of the wave packet" consists of the following. 
A wave function that can be expressed as a superposition of 
unambiguous wave functions suddenly changes into one of them 
at random. That is, one of the functions entering into the super
position is randomly selected from among the others according to 
a certain assignment of probabilities, and put in place of the 
original function. In the example in Figure 13 this would entail 
randomly replacing 1/1 by either VI L or 1/12 with the respective 
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Figure 13. The superposition of two wave functions. 
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probabilities of 34 and 14. The standard solution offered by the 
theory of quantum mechanics to the dilemma of ambiguity is 
to suppose that purely random or causeless changes actually occur 
in nature corresponding to this sort of random replacement of the 
wave function. 

As such, this process of random replacement or "reduction" of 
the wave function must be regarded as an additional quantum 
mechanical law of nature expressing how phenomena develop with 
the passage of time. It is outlined in more general mathematical 
form in Figure 14. Following the account of von Neumann, we 
shall also refer to this as process 1 ?7 (The law of transformation 
expressed by the Schrodinger equation shall be referred to as 
process 2.) 

This process can be invoked to solve the problem of ambiguity 
if we assume that it always occurs before any observer has an op
portunity to inspect any system which has a wave function with 
large ambiguities. It solves the problem by the simple device of 
replacing each undesirable ambiguous state of affairs by an un
ambiguous one before anyone has a chance to witness it. However, 
this is not a very satisfactory solution. 
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Suppose that A represents an observable quantity with a spectrum, ak 
(k = 1,2,3, ... ), of possible observed values. Let Pk denote the opera· 
tion of projecting a function onto the space of functions for which A 
takes on the exact value, ak . 

Process 1 is defined to be the random substitution, 

(For example, if A is a [Q/aj, where Q is a coordinate of a large object, 
then the values, ak = ka, represent positions of the object to within an 
accuracy of ± a/2.) 

Figure 14. Formal definition of the reduction of the wave function. 28 

First of all, it throws out the traditional scientific conception 
that the phenomena of nature occur according to definite causes, 
and introduces the idea that "pure chance" is an inherent aspect 
of reality. In the previous theories of physics, "chance" had 
entered only as a measure of the ignorance of a human observer 
about the details of observed phenomena. It was always assumed 
that the phenomena themselves occurred in a perfectly definite 
way according to precise laws of cause and effect. Perhaps the 
most striking example of this is the classical theory of statistical 
mechanics, in which probabilities were used to describe the posi
tions and momenta of the atoms in a gas or liquid. Probabilities 
were introduced because it was impossible for anyone to acquire 
knowledge of the exact situation of each one of the practically 
innumerable atoms involved. However, it was nonetheless supposed 
that these atoms did have definite situations and were behaving in 
accordance with the exact laws of motion that were accepted as 
valid at that time. 

Process 1, on the contrary, is assumed to operate without any 
cause whatsoever. As we shall point out in Section V, no one has 
ever been able to provide any clear understanding of just what 
"action without cause" really means. All attempts to characterize 
pure chance mathematically have failed, either because of circulal 
reasoning, or because they did not confront this problem directly?9 
Actually, if a phenomenon occurs without any cause, then that 
phenomenon can be regarded as a feature of the absolute truth, 
for the absolute truth is defined to be the cause of all causes. 
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Viewed in this way, the initial conditions, the Schrodinger equa
tion, and all the outcomes of occurrences of process 1, could be 
regarded as the complete absolute truth according to quantum 
theory. However, this is even more awkward than the picture of 
the absolute truth as initial conditions plus laws of motion which 
we discussed in the last section. 

In addition, there is no satisfactory way of understanding why 
process 1 should occur at anyone particular time and not another. 
As described by the physicist Eugene Wigner, "the 'reduction of 
the wave packet' enters quantum mechanical theory as a deus ex 
mach in a, without any relation to the other laws of this theory.,,3o 
It gives every indication of being simply an arbitrary, ad hoc 
adjustment which is introduced solely to save the theory from the 
contradiction between points (1), (2), and (3). 

We propose that a simpler and more realistic solution to the 
problem of ambiguity is to suppose that quantum theory is incom
plete. That is, we propose that point (1) should be rejected. 
According to this understanding, the wave functions and the 
Schrodinger equation may be regarded as providing an approxi
mate description of certain natural phenomena under limited 
circumstances. Because they fail to take into account many im
portant features of reality, they cannot provide a complete descrip
tion of natural phenomena in general. Thus, they may be expected 
to yield descriptions of phenomena which become increasingly in
accurate or ambiguous with the passage of time. 

In the remainder of this section we shall discuss several practi
cal examples illustrating the different aspects of the theory which 
we have described thus far. In particular, these examples should 
bring out very clearly how quantum theory gives rise to ambiguous 
descriptions of nature conflicting with the fundamental features 
of sentient existence outlined in point (3). It should also become 
apparent that process 1 is thoroughly untenable as a solution to 
this problem. 

Practical Illustration of the Theory 

The Phenomenon of Alpha Radiation 

A familiar experiment discussed in elementary science books is 
the observation of the emission of alpha particles from radioactive 
atoms placed in a Wilson cloud chamber. In this experiment, a 
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small radioactive object is placed in a glass chamber. When the 
humidity within the chamber is adjusted properly, thin lines of fog 
are seen to extend out from the object into the surrounding air. 
The customary explanation of this is that certain atoms in the 
object are unstable. Such an atom can suddenly expel a small 
particle, called an alpha particle, with a very high velocity. As this 
particle moves through the air of the chamber, it collides with 
atoms along its path and ionizes them. Since the humidity is 
nearly at the saturation point, droplets of water condense about 
these ions, leaving a visible trail of fog which marks the path of 
the particle. 

Figure 15. Photograph o( an alpha particle traiL31 The particle is thought to 
have been emitted (rom an atom o( radon gas at the left hand end 
of the trail. 

This explanation is based roughly on the ideas of classical 19th 
century physics, and it is now rejected. Therefore, let us consider 
the quantum mechanical explanation. In order to do this we must 
first describe the appropriate quantum mechanical wave function . 
.As this example is intended to illustrate the basic features of the 
quantum theory, we will make some standard idealizations of the 
physical situation for the sake of simplicity. 

First,let us consider the alpha particle by itself. The radioactive 
atomic nucleus is normally represented as a small spherical barrier 
which tends to hold the alpha particle inside. The theory of quan
tum mechanics requrres that this particle should be described by a 
wave function, and t he solution to the Schrooinger equation in 
this situation shows that this wave function tends to "tunnel" 
through the barrier in all directions, producing a three dimensional 
spherical wave. This can be. compared formally with the situation 
of a light wave trapped within a hollow shell of partially reflecting 
glass: as the light bounces back and forth within the shell some of 
it is transmitted and escapes, while some of it is reflected and con
tinues bouncing. 
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The spherical wave is depicted in Figure 16. This wave func
tion is easy to represent graphically because it is three dimensional. 
However, it is not very meaningful because it does not take into 
account the existence of any other matter with which the alpha 
"particle" might interact. If we add coordinates describing 
additional matter, such as the air in the cloud chamber, then the 
wave function for the system will have to be a multi-dimensional 
mathematical object. As we have pointed out, three dimensions 
must be added to the domain of the wave function for each 
additional particle considered in the physical system. 

Let us enlarge the system by adding some additional atoms in 
the vicinity of the radioactive atom. According to quantum theory, 
these atoms can exist at various energy levels, ranging from the 
lowest or "ground state," to higher "excited" states . We shall 
assume that the atoms are initially in the ground state. The classical 
conception of alpha radiation is that at some subsequent time a 

Figure 16. The wave rUnction or an alpha particle. 
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particle will fly out of the radioactive atom and hit some of these 
atoms, raising them to excited energy states. This is shown in 
Figure 17, where four such "target atoms" have been added. One 
of them has been hit by the particle and raised to an excited state. 

If we assume that these atoms are so far apart from one another 
that they do not interact, then it is possible to visualize the wave 
function corresponding to the quantum mechanical description of 
this system.Jl By a mathematical transformation, the multi
variable wave function for the system of alpha particle plus target 
atoms can be expressed as a collection of alpha particle wave 
functions.)] Each of these functions corresponds to a particular 
one of the many possible arrangements of energy eigenstates in 
which the target atoms could be situated. 

In Figure 18 we have tried to take advantage of this mathe
matical transformation as a means of representing the wave func · 
tion pictorially. For simplicity, let us consider the target atoms to 
be either "excited" or " unexcited." In the figure, five of these 
alpha particle wave functions are depicted graphically as waves on 
five planes stacked one on top of the other. (Each plane actually 
represents three dimensional space.) The bottom plane shows all 
four target atoms unexcited. In this plane the alpha wave is similar 
to the one in Figure 16. In each of the remaining planes, one atom 
is excited (+) and the others are unexcited (-). In these planes the 
alpha wave extends in a narrow beam from the exc ited atom, as 
shown in the figure . Taken together, the wave functions in these 
" planes" constitute the complete wave function of the system at 
one moment in time. 

The total wave function for the system is thus equivalent. t.o 
the complete collection of these alpha waves for all possible com
binations of excited and unexcited states of the target atoms. 
Since the wave function is an abst.ract mathematical construct., and 
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Figure 17. The "classical" picture of alpha radiation. 
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Figure 18. The corresponding quantum mechanical picture. 

in no way "real," this is as good a way as any of representing it. 
This representation has the value that it enables us to easily visual
ize how the wave function changes with time according to the 
Schrodinger equation. We should emphasize that the planes do 
not represent different alternative situations which may have 
taken place. Rather, we can interpret Figure 18, considered as a 
whole, as a complete description of the physical situation of the 
system at one time, according to the quantum theory. 

The action of Schrodinger's equation in this situation can be 
understood as follows. Suppose that initially all of the target 
atoms are unexcited. This means that the initial wave function 
should have the spherical wave of Figure 16 in the bottom plane 
and nothing at all in the planes representing excited atoms. Then, 
as this wave moves past each unexcited atom, part of it flows out 
from the site of that atom in the particular upper plane where it is 
designated as excited. Apart from this transfer from one plane to 
another, the alpha waves can be thought of as moving like 
ordinary ripples on water. Figure 19 illustrates the transfer of the 
alpha wave from one plane to the next. 

This description can be formally deduced from the Schrodinger 
equation for the system. If we had many target atoms distributed 
around the central radioactive atom, then the picture would be 
similar but more complicated. In this case there would be many 
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planesH corresponding to different arra ngements of excited and 
unexcited atoms, and the alpha waves could be visualized as flow 
ing similarly from plane to plane. This is shown in Figure 20 for 
two of the many possible planes in t his representation . 

We have described this wave function in some detail in order 
to raise the question, "Just what does this have to do with 
reality?" First, let us consider the probability interpretation of the 
wave function. In t.his representation, t he abso lute value squared of 
the alpha wave at a certain point in o ne of the planes is interpreted 
as measuring the probability that the alpha particle is located at 
that point and that the atoms are in the pattern of energy states 
designated by that plane. The total probability for the alpha wave 
in the plane is therefore the probability that the target atoms will 
IY.! in that particular pattern of energy states. 

[
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Figure 19. Pictorial representation or the solution to the quantum mechanical 
equation showing the interaction of a moving "particle" with an 
atom. 
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Figure 20. Part of the total wave function for a system with many target 

atoms. 

We can see from Figure 18 that in the case where there are 
four target atoms , the wave function gives equal probability to the 
possibility of each atom being excited by the alpha particle. U 
there are many target atoms, then each plane designating a string 
of excited atoms extending in a nearly straight line from the radio
active atom will have nearly equal probability in the wave 
function.3S 

Now, if the wave function is taken as a complete description 
of the condition of the system at a given moment, then how is this 
to be understood? Should we suppose that in nature the atoms of 
gas in the cloud chamber will be ionized in the form of a trail , but 
that nature is unclear as to which one out of many trails pointing 
in different directions will be actually present? That is the impli
cation of the wave function, since each possible ionized trail is 
represented there with nearly equal probability . 

Another feature of the wave function is that it does not in
dicate any particular time at which the atom "decays" and 
produces a trail. Certainly our mental conception of this phenom
enon is that at some one moment in time a trail of ions begins to 
extend out from the radioactive atom in one definite direction, 
and that a thin line of fog then condenses about these ions. Such 
a definite trail is shown in the photograph in Figure 15, and it was 
presumably formed. at a definite time. 

However , the wave function neither indicates a definite time 
nor a definite direction for the trail. Starting at the initial time 
when all of the target atoms are assumed to be unexcited , the 

38 



alpha waves immediately begin to flow through the different 
planes which represent different possible ion trails. Within a brief 
fraction of a second, there will be alpha waves in each plane 
representing a trail, and this implies that each trail will have some 
positive probability. All that then happens with the passage of 
time is that the probabilities of the trails all increase as the alpha 
waves build up in each plane. In fact, the very idea of definite 
events happening in time is foreign to this quantum mechanical 
model. Here there is simply the flow of "probability waves" past 
varieties of static alternative situations-in this case, possible ion 
trails of various lengths extending in various directions. There is no 
time at which the atom decays. 

The Introduction of a Human Observer 

Our discussion of alpha radiation is still incomplete, how
ever, because we have not formally taken into account the 
observation of the ion trails by a conscious person. In order to 
take this into account quantum mechanically, we would have to 
introduce coordinates for the atoms composing the body of the 
person and his experimental apparatus. We would have to assume 
that everything about the observer could indeed be described by a 
wave function-a complex valued mathematical function of those 
coordinates. 

In the previous section we pointed out that the theories of the 
19th century, which described the world as a collection of simple 
objects such as vectors or atomic particles, could not be said to 
account for consciousness. In quantum theory, however, it is not 
at all clear just what the world is supposed to consist of. It cannot 
be made of definite particles, since the Heisenberg uncertainty 
principle implies that there must be ambiguity in position or 
momentum in even the most complete quantum mechanical 
description of matter. On the other hand, it cannot correspond 
in any one-to-one way with the wave function, since this is a very 
artificial mathematical object. This lack of clarity hardly makes 
quantum theory more qualified as a theoretical explanation of 
consciousness than were the nineteenth century theories. 

Nonetheless, the common assumption is that if a theoretical 
scheme can correctly describe the behavior of matter, then it 
can also account for the conscious experience of persons whose 
bodies are so described. Therefore, we would like to see whether 
or not quantum theory by itself can correctly account for the 
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phenomena of nature which are involved with living beings. As the 
theory stands, this requires that these phenomena must be com
pletely accounted for by wave functions which change in time 
according to the following factors: 

(1) The "reduction of the wave packet." (Process 1.) 
(2) The Schrodinger equation. (Process 2.) 
(3) Initial conditions. (Boundary conditions may also be 

involved if the behavior of matter outside of the system 
is significant.) 

If this is not possible, then other principles must be involved in the 
phenomena of nature. (There are some discussions of this subject 
which make misleading use of a mathematical construct known as 
a "mixture" or "density matrix." We will discuss this when we 
describe the views of Daneri, Loinger, and Prosperi in the 
Appendix.) 

So, let us suppose that we now add to the system all the 
apparatus of the cloud chamber, plus the body of a human ob
server. This means that the Schrodinger equation will have to be 
augmented by terms describing the interaction of the various co
ordinates describing the apparatus and observer. Also, terms will 
have to be added describing the interaction of the target atoms 
with one another. Inthe analysis given thus far, it has been assumed 
for simplicity that these atoms don't interact among themselves. 
However, it is by the mutual attraction of the water molecules 
about the ionized atoms that the visible fog droplets marking the 
trail are supposedly formed. 

If all of these things are added, then the wave function becomes 
even more multi-dimensional than before, and the Schrodinger equa
tion becomes much harder to solve. Actually, we cannot even 
begin to solve Schrodinger's equation for a human body, and so 
we cannot actually say what such a solution would yield. In fact, 
the process of condensation of saturated water vapor to form 
liquid droplets is also beyond the reach of present mathematical 
techniques. Condensation has only been studied for highly ideal
ized and simplified models, such as the Ising model, and even there 
the analysis is very difficult. 

For this reason, it is necessary to make some assumptions. 
Since we are trying to show that quantum mechanics is incomplete, 
let us suppose that Schrodinger's equation does correctly describe 
the behavior of a human body as we see it. (This drastic assump
tion is quite doubtful, as we shall see later.) If this is wrong then 
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quantum mechanics must be incomplete, which is our proposed 
conclusion, anyway. Let us suppose, in fact, that the following 
sequence of events will be correctly described by the Schrodinger 
equation: start with a wave function for a human observer watch
ing a cloud chamber which contains a specific trail of ions. 
Suppose that the trail has gotten there somehow, but that it has 
not yet had an opportunity to interact with anything else. Then, 
as time passes, a trail of droplets will condense about the ions, 
light will reflect from the trail, and the human observer will see it 
and react in some fashion. 

If we make these assumptions, then we can modify the 
analysis of the system of alpha particle plus target atoms to take 
into account the observer. This works out roughly as follows. The 
interaction of the alpha particles with the target atoms will be 
nearly the same as before, since the mutual interaction of the tar
get atoms and the subsequent reflection of light will not have 
much effect on this. (The interaction of the target atoms with one 
another will occur according to much weaker forces than their 
interaction with the alpha particle.) Therefore, we will still obtain 
a wave function giving nearly equal probability to many different 
trails. 

Now, however, the sequence of events from trail to observer 
implies that the wave function will represent many different per
ceptions within the mind of the observer. As time passes, many dif
ferent positions and mental states of the observer will come to be 
equally represented by the wave function. 36 Thus, the wave func
tion will depict the kind of ambiguous situation shown in Figure 
21. 37 Here we should again emphasize that the separate "planes" 
do not represent alternative situations-all of the planes, taken 
together, represent the complete situation of the "observer" at 
one time. 

In the figure, the part of the wave function in each plane is 
shown depicting the observer in essentially one position. However, 
we might expect many different positions to be represented. If the 
observer had planned to go out for lunch after seeing a track, then 
some of the planes would show him still waiting for the track to 
occur, while others would show him at various stages of eating 
lunch. These are all aspects of the one multi-dimensional descrip
tion of nature provided by the wave function. 

If the wave function is taken as a complete description, then 
this situation contradicts the condition of consciousness men
tioned previously. As we have pointed out, the standard solution 
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in each plane. 

Figure 21. The wave function for the human observer. Here each "plane" 
represents a particular situation of the observer. The total wave 
function gives nearly equal weight to many such planes. 

to this dilemma is to invoke the reduction of the wave packet and 
suppose that nature abruptly changes by pure chance from an in
herently ambiguous situation to an unambiguous one. However, if 
we invoke this process once, say at time t, then we have the prob· 
lem that the wave function for the observer was ambiguous before 
t, and this still contradicts his consciousness. This is actually equiv
alent to saying that the observer has no definite past before the 
time , t : he is "created" at this time by pure chance along with his 
memories of a nonexistent past! 

In order to avoid this problem, it would be necessary to bring 
in process 1 repeatedly at short enough time intervals to prevent 
the wave function from ever developing ambiguities in the condi
tion of the observer. This is because the steady flow of the wave 
function from the "unexcited" plane to the planes representing 
tracks produces a steady creation and amplification of ambiguity 
within the system at all times. Figure 22 illustrates the view of na
ture which is involved here. Each S represents a period of duration, 
~ t k, in which the Schrodinger equation governs the wave func
tion. The Rk's represent interruptions by process 1. The timing of 
these interruptions is presumably "causeless." 
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Figure 22. The development of the wave function in time. The S's refer to 
intervals in which the Schrodinger equation operates. The R's 
represent interventions of process 1. 

Here the Ll t's cannot be large enough to allow any ambiguity to 
develop in what the observer "perceives." On the other hand, if 
the Ll t's are too small, then the development of probabilities with 
time predicted by the theory is drastically altered. When the Ll t's 
become very small, the process of radioactive decay which we are 
considering is slowed down, and it stops completely if they are re
duced to zero.38 

Within these two limits, the Llt's can be arbitrarily chosen. Are 
we to suppose that some random process in nature is actually pro
ducing alterations of this kind, and at these intervals, in the actual 
natural situation'! If so, then what is this process? Why are the Llt's 
chosen as they are? If consciousness is merely an evolved by
product of nature, as modern scientific doctrine has it, then the 
Ll t 's should be the same throughout nature whether consciousness 
happens to be present or not. In particular, they should have been 
the same during the billions of years which are supposed to have 
passed before consciousness evolved. 

In that case, we are confronted with a process which repeats 
itself due to no cause whatsoever at a sufficient rate to prevent the 
Schrodinger equation from rendering consciousness contradictory, 
and thus allow for the possibility that it might "evolve" from an 
unconscious state! We do not know at what intervals this process 
repeats itself. It involves absolutely random changes which take 
place abruptly over large distances in (multi-dimensional!) space 
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and are thus by no means atomic in scale. If consciousness is just a 
material byproduct, then this process must be independent of con
sciousness. Yet, we are forced to postulate it simply in order to ac
commodate the principle that the wave function is a complete 
description of nature to the perceived fact that consciousness 
exists. 

It would certainly seem that in postulating such a process we 
are deviating both from common sense and all traditional proce
dures of scientific reasoning simply in order to retain the satisfying 
viewpoint that we have a complete description. Perhaps it would 
be more reasonable to admit that the wave function is not a com
plete description-that there are very important aspects of reality 
which it does not touch upon. Nonetheless, it is precisely this pro
cess which lies behind the celebrated scientific conclusion, taught 
to all students in both high school and college, that the laws gov
erning nature are based on "pure chance." 

Since consciousness plays such an important role here, let us 
again consider its basic nature. It is sometimes claimed that con
sciousness is something "subjective," whereas science is solely con
cerned with "objective facts." It is asserted that an entity can only 
be regarded as real if several people can all perceive that entity and 
agree upon what they have seen. Since the consciousness of one 
person is only experienced by that person alone, it is argued that 
the existence of consciousness is not a valid topic for rational sci
entific discussion. Rather, since the gross movements and other 
measureable features of the body can be seen and agreed upon by 
many simultaneous observers, it is said that these form the sum 
and substance of the existence of a living being. 

However, this argument is not valid. First of all, since it deals 
with "perception" and "agreement," this argument presupposes 
the existence of the very thing which it seeks to reject. Second, 
the fact that a thing cannot be seen does not imply that it does 
not exist. It is a common practice in science to infer the existence 
of certain entities from the presence of observable phenomena 
which are associated with them. For example, no one has ever seen 
atoms, but their presence is inferred from certain phenomena 
which can be measured and agreed upon. 39 Likewise, a given per
son can directly perceive his own conscious existence and note 
that it is intimately tied up with an intricate constellation of 
thoughts, feelings, perceptions and desires. He can see that these 
things are associated with certain actions of his body which can be 
observed by others. If he then observes the body of another per-
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son and perceives similar patterns of activity, it is not unreason
able for him to infer that those actions are likewise associated with 
the thoughts and feelings of another conscious entity like himself. 

It is thus perfectly in accord with the practices of scientific 
reasoning to suppose not only that consciousness exists, but that 
there are many beings possessing conscious self-awareness. The 
existence of consciousness is thus just as much an objective fact as 
is any other "fact" considered in scientific discussions. The philo
sophy of solipsism, which attributes consciousness to only one 
person, certainly violates common sense (if nothing else), and the 
proposal that there is no conscious awareness at all is plainly 
untrue. 

Evidently something exists which is giving rise to conscious
ness, and that something lies beyond the grasp of science as it is 
presently constituted. We have already observed that the existence 
of consciousness could not be accounted for by past physical theo
ries. Here, however, the basic theory not only fails to account for 
consciousness, but the very existence of consciousness cannot be 
accommodated by the theory without the introduction of absurd 
stop·gap measures. A different description of nature is clearly 
needed. 

We should note that the phenomena we have been discussing 
are not limited to the particular case of alpha radiation. Rather, 
they are typical of the quantum mechanical situation in general. 
The domain of the wave function is the multi-dimensional space of 
coordinate configurations, and so it is natural for this function to 
spread further and further through this space under the action of 
the Schrodinger equation. It is therefore not at all surprising for 
the function to spread to parts of the space representing macro
scopically different configurations, and thus produce a situation 
corresponding to a large scale ambiguity. 

Whenever events on the molecular level produce macroscopic 
effects we should expect the wave function to develop such ambigui
ties. This is due to the "amplification" of the inherent small scale 
ambiguities of the wave function which are indicated by the 
Heisenberg uncertainty relation. In particular, we might expect 
this to happen in the bodies of living organisms if these are to be 
regarded as automatons governed by the detailed processing and 
storage of information at the molecular level. It is, of course, 
much more difficult to analyze the wave function in enormously 
complex cases such as this than it is in the relatively simple situa
tion which we have discussed here. 
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The Paradox of Einstein, Podolsky, and Rosen 

Let us return for a moment to the process of repeated reduc
tions of the wave function and consider the size of the phenomena 
affected by them. In our example, the ion trails will not affect the 
gross ambiguity of the wave function until perceptible droplets of 
fog have condensed about them. It follows that the wave function 
will become ambiguous with respect to the distribution of these 
trails over several inches of space before the action of process 1 
causes a particular trail to be selected. From this we can see that 
the world cannot at all be thought of as being composed of dis
tinct "particles" in the quantum mechanical view. We must sup
pose that at one moment in time the "alpha particle" is somehow 
spread over space in a way that can only be described by a multi
dimensional scheme such as the one depicted in Figure 18. 

A striking example of how far an ambiguity in a wave function 
can extend in space is given by the famous paradox of Einstein, 
Podolsky, and Rosen. 40 We shall briefly summarize a description 
of this paradox given by the physicist David Bohm in terms of the 
quantum mechanical property called "spin. ,,41 In quantum me
chanics it is supposed that an electron can be thought of as posses
sing a magnetic field which can be aligned in a particular direction. 
(This can be compared to the "dipole" magnetic field of a bar 
magnet.) In this paradox, a situation is described in which two 
electrons fly apart. Their wave function unambiguously deter
mines that the magnetic field of the first electron points in exactly 
the opposite direction of the magnetic field of the second 
electron. However, the situation is deliberately arranged so that 
the wave function is completely ambiguous as to what this direc
tion is. 

In principle, it is possible for the electrons to fly apart for 
many miles and then be detected by widely separated observers 
with instruments designed to measure how their paths are de
flected by large magnets. At this point, their ambiguity in spin 
direction (as it is called) results in a large scale ambiguity in the 
perceptions of the observer, and thus process 1 must be invoked. 

Prior to this reduction of the wave function, the two electrons 
cannot be thought of as separate "particles" in separate locations. 
In fact, they can only be thought of in terms of one multi
dimensional entity extending over miles of space. Yet, when 
process 1 takes place, this entire widely-extended wave function 
must be supposed to change abruptly and randomly into a new 
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wave function in which the spin direction at each location is 
unambiguous. 

WAVE FUNCTI ON BEFORE REDUCTION 

SUBSEQUENT WAVE FUNCTION (PROBABILITY OF 1/2) 

----- -------------'-'1_ 

I' SEVERAL MILES 

Figure 23. Sudden long range random change in quantum theory. This 
figure represents the reduction oC the wave Cunction for two 
widely separated electrons. Here, the different planes correspond 
to different arrangements of electron "spin" in the z direction . 
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It is not possible to suppose that the spin directions could have 
been rendered unambiguous by a reduction of the wave packet 
before the electrons became widely separated. The reason for this 
is that the manner in which the wave function of the electrons is 
broken down by process 1 depends on the orientation of the 
observers' instruments.42 As a result, if the electron wave function 
were to be reduced before the electrons became widely separated, 
it would have to be done in such a way as to anticipate the later 
arrangement of the instruments. This is a bit too much to expect 
of a causeless process. 

Considerations of this kind led Albert Einstein to conclude 
that the quantum theory was unrealistic. In his paper with Podol
sky and Rosen, he specifically proposed that quantum mechanics 
gives an incomplete description of reality. He suggested that the 
situation could be remedied by returning to a theory of the classi
cal 19th century variety, in which there is an exact one to one 
relation between mathematical quantities and elemental constitu
ents of matter ("elements of physical reality.") 

However, he was never able to produce such a theory. The 
present scientific world view remains that of quantum mechanics
a world view in which ambiguities in nature may extend over miles 
of space, only to be suddenly, causelessly, and randomly removed. 
They are removed over large volumes of space instantaneously by 
an inherent process of nature, the only requirement being that this 
removal must take place before the ambiguities extend to a func
tioning human brain. Yet such a brain is simply another arrange
ment of matter-an arrangement which modern scientific opinion 
holds to have arisen in nature only recently. 
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IV. 

Interpretations of the Quantum Theory 

The Heisenberg-Bohr tranquilizing philosophy-or religion?-is so 
delicately contrived that, for the time being, it provides a gentle 
pillow for the true believer from which he cannot very easily be 
aroused_ So let him lie there. 

-Albert Einstein 

In summary we can see that the complete world picture, as 
presented by the theory of quantum mechanics, consists of the 
following basic features: 

(1) A very unclear and artificial description of the world as a 
multi-dimensional mathematical abstraction described in 
terms of nonexistent "particles." 

(2) An equation consisting of a few terms which determines 
how this description changes with time. 

(3) An arbitrary and not clearly defined ad hoc adjustment of 
this description which must be made repeatedly in order to 
free it from contradictions arising from (2). 

In particular, (3) involves the assumption that abrupt, large scale 
changes occur in nature which have no connection with the other 
laws of the theory, and are not clearly defined as to either their 
timing or their exact form. These are attributed to "pure chance." 

It is not surprising that many scientists have been disturbed by 
this world picture, and have sought ways of rectifying it. Some, 
such as Albert Einstein, have rejected the quantum theory alto
gether and called for a completely new theoretical system. Others 
have sought to retain the formal mathematical structure of the 
theory as it stands and find some interpretation which renders it 
more palatable. 

In this section we shall discuss two interpretations of this kind. 
The first of these, called the Copenhagen or "conventional" inter
pretation, has been the most influential view of quantum mechan
ics. It is widely held among physicists. However, many are not 
very deeply concerned with its implications and accept it, accord
ing to one author, "just as most Americans would claim to believe 
in the Bill of Rights, whether they had ever read it or not. ,,43 
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The second interpretation was presented by John von 
Neumann in his Mathematical Foundations of Quantum Mechan
ics. This view is significant in that it gives direct recognition to the 
role of consciousness in the quantum theory. All the other ap
proaches we shall touch upon have evaded this issue in one way or 
another. 

Just to illustrate the extent of the controversy and confusion 
the quantum theory has evoked, we will also briefly mention a 
number of other interpretations. Two of these are of a more tech
nical nature and are discussed in the appendices. Of particular 
importance is the theory of Daneri, Loinger, and Prosperi. This 
theory is an unsuccessful but superficially convincing attempt to 
eliminate the problem of the reduction of the wave packet by 
exploiting the mathematical concept of a "mixture" of quantum 
mechanical states. 

The Doctrine of Complementarity 

Thus far in our discussion of quantum mechanics we have been 
adhering formally to the Copenhagen interpretation of the theory. 
In this interpretation, it is assumed that the quantum mechanical 
formalism which we have described provides a complete account 
of nature. The interpretation provides a philosophy, known as the 
principle of complementarity, which is intended to render this 
assumption intelligible. It was devised primarily by Niels Bohr and 
Werner Heisenberg during the twenties and thirties of this century. 

Since the Copenhagen interpretation is based on the assump
tion that the quantum theory is universal and complete, it follows 
that the features of this view must correspond directly with the 
formal mathematical manipulations entailed by the theory. Here 
are some of these features; 

(1) Nothing exists in nature which is not described by the 
wave function. 

(2) Matter cannot be conceived of as composed of particles, 
waves, or anything else that can be visualized in three 
dimensional space. 

(3) The world cannot be thought of as composed of distinct 
parts, as in the 19th century view. It must be viewed as a 
unit. 

(4) This unit will exhibit different features depending on how 
it is measured. These features may seem to be mutually 
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contradictory, but there is no contradiction because the 
measuring apparatus is itself part of the unit being 
measured. 

(5) For example, one measurement of an electron may seem 
to indicate a wave, and another may seem to indicate a 
particle. There is no contradiction because the apparatus 
of measurement is different in the two cases. One is not 
observing an "electron," but a total system of "electron," 
apparatus, and whatever else may be involved. 

(6) When a measurement is made, an abrupt, unpredictable 
change is made in the measured system. This is called a 
"quantum jump," and it is said to occur by absolute 
chance. 

(7) It is taken for granted that the macroscopic world of our 
everyday experience behaves in accordance with classical 
nineteenth century physics. All experimental measure
ments are presumed to end with the observation of a 
macroscopic apparatus obeying the classical nineteenth 
century physical laws. 

Of these features, numbers (2) through (5) follow as logical conse
quences of number (1).44 We can gain some appreciation of how 
this is so from an examination of figures 15 through 21 of the last 
section. 

Number (6) refers to the "reduction of the wave packet," or 
process 1. We have noted that this process is sometimes attributed 
to the disturbance an observer must make in an observed system 
due to unavoidable clumsiness in his measuring technique. The 
example is often given that if one measures the position of an 
electron by bouncing a photon against it, the momentum of the 
electron must necessarily be disturbed in an unpredictable way by 
the collision. It should be clear from the discussion in the last 
section, however, that this is not at all the correct interpretation 
of the "quantum jump." The theory requires that these jumps 
must regularly occur even if the observer does nothing at al1.45 

They must, in fact, spontaneously affect the total system of observer 
plus apparatus without the assistance of any outside interference. 

The Copenhagen interpretation provides no explanation of 
these mysterious jumps. They are sometimes referred to in vague 
terms as the transition from "potential" to "actual." The essence 
of the Copenhagen view, however, is that these jumps must simply 
be regarded as inexplicable, elemental, and not understandable in 
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terms of anything else. Thus, they form a part of the absolute 
truth as it is understood in this world picture. 

In the quantum theory one normally only discusses the results 
of some experiment made on inanimate matter by means of some 
particular apparatus. As such, number (7) provides a practical basis 
for such discussions. If num ber (7) is regarded as being true in 
principle, however, then the implication is that quantum mechan
ics is an incomplete description of matter.46 If quantum mechan
ics is to be viewed as complete, it must be possible to include both 
the apparatus and the observers in the quantum mechanical sys
tem. We have seen the unsatisfactory consequences this entails. 

The principle of complementarity enunciated by Niels Bohr is 
essentially a restatement of points (2) through (7) in philosophical 
language. According to Bohr, the world possesses pairs of comple
mentary features which may seem to contradict one another but 
are actually not contradictory because they cannot be observed at 
one and the same time. Perhaps the most famous example of a pair 
of complementary traits is the so called wave-particle duality, in 
which matter is attributed both wave-like and particle-like proper
ties, but cannot be seen to exhibit both of them simultaneously. 
Position and momentum, and spin in the x and y directions are 
other examples of complementary pairs. 47 In the mathematical 
system of quantum mechanics, these pairs of traits arise because of 
the different ways in which the wave function can be broken 
down by process 1. Bohr's philosophical stance is that the pairs of 
complementary features are to be regarded as absolute aspects of 
reality that must simply be accepted as they are, and not analyzed 
further in terms of any other concepts. 

As it is normally stated, the subject matter of the Copenhagen 
interpretation involves an observer who is studying some atomic 
phenomenon by means of some macroscopic apparatus. It de
scribes how different arrangements of the apparatus will enable 
the observer to perceive different complementary traits of the 
phenomena. Taken literally, it is simply a description of how cer
tain actions will lead to certain results when carried out by a 
conscious observer who has freedom to act. This would seem to 
imply that the observer himself must be assumed as given, and 
cannot be further analyzed by the theory. This concept is, in fact, 
strongly suggested by W. Heisenberg's statement that "when we 
speak of a picture of nature provided by contemporary exact 
science, we do not actually mean any longer a picture of nature, 
but rather a picture of our relation to nature. ,,48 
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However, the assumption of universality requires that the 
observer himself must be completely described by a wave func
tion. If this wave function must be interpreted in turn as a descrip
tion of what another observer will perceive when he interacts with 
the first observer, then this leads us to an absurd situation. We 
either have two observers, each of whom is completely described 
to the other by a wave function, or we are faced with an infinite 
regress of observers. The problem here is that the theory requires 
the existence of a conscious observer and is required at the same 
time to explain him in physical terms. Yet, the theory is complete
ly unable to explain consciousness. Unfortunately, Bohr did not 
confront this question squarely. Bohr's characteristic philosophical 
stance has been to declare that any question which cannot be 
answered by the quantum theory is in principle unanswerable and 
should not be asked. He has thus said that "an analysis of the very 
concept of explanation would, naturally, begin and end with a 
renunciation as to explaining our own conscious activity. ,,49 

Bohr regarded the principle of complementarity as a universal 
explanatory device, and he applied it to many things that are 
beyond the immediate realm of physics. In particular, he proposed 
that the phenomena of life and the molecular interactions occur
ring in living organisms form a complementary pair. so These two 
aspects of the organism cannot both be observed at the same time 
due to the fact that a minute atomic investigation of an organism 
must necessarily kill it. By regarding the wave function as univer
sal, and regarding these aspects as complementary features of such 
a function, Bohr was able to propose that life is a purely physical 
phenomenon while at the same time denying that it could be 
explained in molecular terms. In this way he attempted to recon
cile the intuition that there is more to life than atoms with a 
strictly materialistic point of view. 

Of course, speculations of this kind have no basis in either 
sound reasoning or scientific evidence, but they do tend to lend an 
air of plausability to the assertion that the quantum theory, with 
all of its deficiences and bizarre features, must be accepted as final 
and absolute. In the hands of Bohr and his followers, the principle 
of complementarity became a tool for systematic question begging 
designed to protect the position of the quantum theory as the last 
word in fundamental knowledge. Any question tending to raise 
doubts about that theory was to be "renounced" as scientifically 
meaningless, and any apparant contradiction was to be explained 
as an example of complementarity. However, the quantum theory 
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itself was by no means to be renounced, even though it was new 
and only tested in limited circumstances (as has remained the case 
to this day.) 

Splitting Universes 

We briefly mention this theory only to indicate the irrational 
nature of the present scientific understanding of the world. Ac
cording to this theory, the reduction of the wave packet corre
sponds to the splitting of the entire universe into multiple copies 
corresponding to the different alternative wave functions resulting 
from the reduction. Simultaneously, each person is supposed to 
split into corresponding multiple copies of himself which undergo 
different separate experiences in the different universes. These 
different copies never meet since the different universes are sup
posed to be totally isolated from one another. The splitting occurs 
continuously. 51 

Possibly this theory is not mean t to be taken seriously, even 
though it has apparently been worked out in some detail. In any 
event, the very fact that such a theory has been officially proposed 
may be taken as symptomatic of the kind of knowledge which 
modem scientific theorization has been able to provide. 

Quantum Logic 

This is another category of proposals which we will only brief
ly consider. The basic idea is that logic is empirical, and that our 
traditional rules of logic are wrong. 52 It is argued that quantum 
mechanics demonstrates the need for a new system of logic, which 
is to be obtained by throwing out certain rules of logical de
duction we now use. Once this is done, the dilemmas of quantum 
mechanics are supposed to disappear because there are no longer 
any lines of logical reasoning leading to them. 

This theory has also been the subject of many articles and 
symposiums. It certainly seems to be a dubious method of re
solving scientific problems-a method analogous to such things as 
the cure of insanity by prefrontal lobotomy. Apart from this, the 
proposal does not even address the fundamental problems in
volving the large scale ambiguity of the wave function which were 
discussed in the previous section. 

This approach is significant in that it epitomizes a certain 
trend which has become very prominent in modem science. This is 
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the tendency to confront basic questions by using one strate gem 
or another to declare them scientifically meaningless. We have 
already encountered this in our discussion of the Copenhagen 
interpretation, and it is also very prominent in modem biology, 
where it is now declared to be meaningless to ask what is the 
distinction between life and non-living matter. This tendency 
appears to be another manifestation of the basic desire, cherished 
by many scientists, that current scientific knowledge should be 
considered final and complete. 

The physicist P. Dirac has expressed this basic tendency with 
the following words: "This, I think, is the kind of way in which we 
should try to develop our physical picture-to bring in ideas that 
make inconceivable the things we do not want to have. "53 The 
problem with this is: what if our ideas already render inconceiv
able things which are actually there? In that case, our d~sire to 
propound a closed system of thought will have led us down a blind 
alley which we can only escape by backing up and starting over 
again. 

The Introduction of Consciousness into the Physical Picture 

The view to be considered here is more directly relevant to our 
basic theme. It is based on the idea that the reduction of the wave 
function must be due to some definite cause which is not a prod
uct of the force laws summed up in the Schrodinger equation. The 
separate cause is considered to be consciousness, which must 
therefore be regarded as possessing an existence independent of 
those laws. 

This view was first formulated by John von Neumann in his 
theory of the measurement process. 54 He considered the basic 
question of when and why process 1 must be invoked in the 
quantum mechanical analysis of an experimental measurement. He 
reasoned that the quantum theory describes an observer making a 
certain kind of measurement on an observed system. When the 
measurement is complete, the observer knows that the system has 
yielded a certain value for the measured parameter, and therefore 
process 1 must be applied to the wave function of the system in 
order to remove its ambiguity with respect to that parameter. In 
this situation one might suppose that the observer caused the 
effects of process 1 by his interaction with the observed system. 

However, the postulate that quantum mechanics is complete 
implies that the observer can be included in the quantum mechani-
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cal description. Von Neumann considered that the process of 
observation involves the transfer of information along a path from 
the observed object to the apparatus, from the apparatus to the 
observer's eye, from there to his optic nerve, and so on. He argued 
that one could draw a boundary line at any position along this 
path, and regard everything on one side of the line as the observed 
system, and everything on the other side as the observer. Thus, for 
example, one could say that the man was the observer and the 
experimental apparatus was the observed system. Or one could say 
that the. apparatus plus the man's eyes were the observed system, 
and the man's brain plus optic nerve constituted the "observer." 

No matter how the system is divided, process 1 must be in
voked in order to assure that the observed system is unambiguous 
with respect to the features perceived by the observer. One can 
continue to suppose that this process occurs due to the influence 
of the observer, who always remains external to the observed sys
tem. Howpver, if the boundary between observer and observed is 
move further and further into the brain, then one will eventuallr 
run out of observer. 

Von Neumann argued that making the last step, in which the 
observer completely disappears, should not actually produce a 
fundamental change in the situation. He therefore proposed that 
when the entire physical system has been included on the observed 
side of the boundary, there still remains the "abstract ego" of the 
observer, which causes the effects of process 1 through its (or his) 
act of perception. This "abstract ego" is the non-physical con
sciousness of the observer. 

1Ir·-~ -.----.--.---~-.-.-. , 
, 
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Figure 24. The division between the observer and the observed. The observer 
is to the right of the boundary line, and the observed system is to 
the left. The boundary line (or surface) can be shifted arbitrarily. 
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Von Neumann expressed his conclusion as follows: "We must 
always divide the world into two parts, the one being the observed 
system, the other the observer .... In particular we saw ... that 
the observer in this sense needs not to become identified with the 
body of the actual observer."s5 

This proposal answers two questions which had been evaded 
(or "renounced") in the Copenhagen interpretation. First, it pro
vides an explanation of why the reduction of the wave function 
occurs. Second, it retains the observer as an external witness, while 
at the same time allowing for quantum mechanics to be universally 
applicable-at least to matter. It thus avoids the dilemma pre
sented by a total system wave function which is assumed to en
compass everything. If such a function represents the maximal 
possible knowledge an observer can have about a system, then 
where is that observer? Also, what relation does this function have 
with the consciousness of the persons whose bodies form part of 
the system? 

However, von Neumann's proposal also suffers from the fol
lowing basic drawbacks: 

(1) It requires that changes in wave functions extending over 
arbitrarily large distances can be caused by the conscious
ness of one localized observer. 

(2) The theory only deals with one observer. It does not indi
cate how many observers are to be introduced into the 
picture. (For this reason, von Neumann has sometimes 
been accused of solipsism.) 

(3) It does not explain what is to be done about the need for 
continuous applications of process 1 which exists in some 
cases. (This was described in connection with Figure 21 in 
the last section.) 

(4) It proposes that the effect of the observer's consciousness 
is random. This randomness is still taken to be causeless 
and inexplicable. 

(5) No person has any conscious awareness of participating in 
or causing such random effects. 

(6) This theory leaves unexplained the relation between the 
observer and the body of the observer. 

In the section describing the Einstein, Podolsky, Rosen para
dox, we saw that process 1 may involve sudden changes in a wave 
f~mction over great distances. If this process is attributed to the 
c(lnsciousness of the observer, then it is hard to see how such a 
localized cause can produce such long range effects. This is espe-
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cially significant if we consider that each individual person is 
normally aware only of the information provided by his immediate 
bodily senses, and has no knowledge of remote events. 

Point number (6) basically summarizes the problems men
tioned in this list. Under this heading we might also add the ques
tion of why certain material arrangements should be associated 
with observers, and not others. Human beings are certainly re
garded as observers, but what about animals, plants, or stones? 
Where does the observer come from if he is more than just an 
arrangement of matter? How is the origin of observers to be 
understood in relation to the theory of evolution, which is solely 
concerned with matter acting under physical laws? 

It is not surprising that no answers to these questions are to be 
found in von Neumann's theory. Some speculative suggestions as 
to how they might be answered have been made by E. Wigner, who 
is the principle advocate of von Neumann's point of view at the 
present time. 56 However, nothing very satisfactory can be said to 
resolve these difficulties-the quantum theory is simply not cap
able of dealing with such problems. Wigner himself admits that the 
present theory of quantum mechanics is not satisfactory and can 
be expected to be replaced by other theories in the future. He in 
fact proposes that "the present laws of physics are at least incom
plete without a translation into terms of mental phenomena. More 
likely they are inaccurate, the inaccuracy increasing with the 
increase of the role which life plays in the phenomena 
considered. ,,57 

The basic problem of understanding the relation between 
matter and consciousness has been known in Western philosophy 
as the mind-body problem. Traditionally, philosophers have had 
great difficulty understanding how consciousness and matter inter
act. It is clear that the source or cause of consciousness has been 
left ou t of our present scientific theories. Yet, if we propose to 
assume the existence of non-physical conscious entities, then we 
are faced with the problem of explaining how they interact with 
matter which is obeying certain simple physical laws. Wigner has 
suggested that the resolution of this problem may involve the 
understanding that there are hitherto unknown natural laws asso
ciated specifically with life and consciousness. 
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v. 

The Fallacy of Chance 

Probability is the most important concept in modern science, espe· 
cially as nobody has the slightest idea what it means. 

-Bertrand Russell 

In this section we shall briefly consider the significance of the 
concept of chance in our understanding of nature. In previous 
physical theories, chance was regarded as a measure of the igno
rance of an observer about the underlying causes of observed 
events. However, everything that happened in nature was regarded 
as having a definite cause. Perhaps the most striking example of 
this is the theory of classical statistical mechanics, in which proba
bilities were used to describe the physical state of a gas or liquid 
containing an enormous number of atoms. It was necessary to 
introduce such probabilities because of the practical impossibility 
of actually acquiring knowledge about the individual motion of 
each atom. It was nonetheless taken for granted that each atom 
did have a specific, well defined position and velocity, and that the 
positions and velocities of all the atoms varied in accordance with 
the natural laws. The only absolute, or causeless features of the 
19th century mechanistic world view were the initial conditions 
and the laws themselves. 

In quantum mechanics, however, chance was taken to be 
causeless, or absolute. As we have seen, chance entered the theory 
through the rather arbitrary and awkward device known as the 
reduction of the wave packet. 58 As such, it plays the role of 
additional initial conditions, which are introduced repeatedly over 
the course of time to adjust the development of the wave function 
under the laws of motion. These adjustments had to be introduced 
in order to keep the physical picture consistent with the basic 
requirements of conscious awareness, but apart from this their role 
is not at all understood. We might also refer to these reductions as 
interim conditions. 

The concept of chance in quantum mechanics is therefore 
quite different from the classical interpretation of chance as a 
measure of an observer's incomplete knowledge of underlying 
causes. Each individual random adjustment is regarded as an inde
pendent entity having no connection with anything else-it is 
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elemental and causeless. However, the concept of chance possesses 
an additional feature which conflicts with this absolute interpreta
tion. This is the idea that "chance" refers to a spontaneous process 
which occurs in nature and obeys certain statistical laws. These 
laws specify a certain regularity in the overall, or average, behavior 
of random events. Apart from these regularities, however, the 
events are regarded as occurring freely in an uncontrolled and 
disorderly fashion. 

This idea of a spontaneous process is actually essential to the 
theory of quantum mechanics. The average behavior of random 
events is described by the statistical laws in terms of certain num
bers called probabilities. These probabilities are generated by the 
quantum theory. (Specifically, they are the probabilities men
tioned in Figure 14 in the section on quantum mechanics.) The 
theory is linked with reality by the requirement that events in 
nature should satisfy the statistical laws, as expressed in terms of 
these probabilities. In fact, the theory is often confirmed by 
comparing its calculated probabilities with the observed average 
behavior of events. One of the main contributions of quantum 
mechanics to modem society has been the idea that the world is 
founded on the inherent lawlessness and disorder of a spontaneous 
random process. 

Now, this poses a dilemma, for it implies that the overall ar
rangement of the reductions, or interim conditions, must be deter
mined by the previous development of the wave function. How is 
this to be reconciled with the idea that each individual reduction is 
causeless? 

In order to clarify this, let us consider the example of tossing a 
coin. Suppose that a coin is tossed repeatedly, and that after each 
toss a "1" or a "0" is written down to record whether the coin 
came up as heads or tails. After 1 00 tosses one might obtain the 
following record. 

10110011010010110101010110000110101010010110101011 
01100101001101010110101000001101101011110110101001 

(18) 

One would normally expect to find roughly half of these digits to 
be ones and half to be zeros, but one would expect to find no 
further recognizable pattern in the sequence. This situation is 
commonly described by saying that the outcome of each toss is due 
to chance, and that the probability of getting heads on any parti
cular toss is Ih. 
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It is expected that as the number of tosses increases we will 
find that 

The number of heads 

The number of tosses 
-+ lh = The probability of heads (19) 

Here the arrow means that the quantity on the left approaches 
closer and closer to lh as the number of tosses is increased. This is 
an example of a statistical law, known as the law of large numbers. 
The idea that the sequence (18) is disorderly can be expressed by 
means of similar statements. For example, suppose that X repre
sents a particular pattern of N heads and tails, such as X = 
1011001 for N = 7. Then we would expect to find that 

Times that N tosses in a row yield X 1 
-+ -, 

The number of tosses 2N 
(20) 

as the number of tosses increases. This indicates that no one pat
tern is more likely to be found in the sequence of heads and tails 
than any other. 

In quantum mechanics we might expect to find a sequence 
such as (18) occurring by "absolute chance." This would be the 
case, for example, if the sequence were determined in some appro
priate way by the decay of radioactive atoms. The probabilities 
entering into (19) and (20) would then be determined by the 
quantum mechanical wave function. Although a large class of 
sequences will always exist which satisfies statements such as (19) 
and (20) within some degree of approximation, there will also be a 
large class which fails to satisfy them. To require a causeless se
quence to avoid this class is contradictory, for it implies the exis
tence of some active process by which the sequence is selected. 
This process would have to be added as an extra element to the 
structure of quantum mechanics as we have described it thus far. 

The common notion holds that there is indeed such a process, 
and the existence of natural sequences which adhere to statistical 
laws is taken as proof of this. This is expressed in the following 
words in a standard textbook on probability theory: "The fact 
that in a number of instances the relative frequency of random 
events in a large number of trials is almost constant compels us to 
presume the existence of certain laws, independent of the experi
menter, that govern the course of these phenomena and that 
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manifest themselves in the near constancy of the relative frequen
cy."S9 The words, "independent of the experimenter," indicate 
that these are natural laws. Let us consider what can be said about 
these laws. Can they be clearly defined in mathematical terms 
describing their functioning and their influence in nature, or must 
they remain a matter of vague intuition? Clearly the former must 
be the case if we are to claim that we understand matter and its 
laws of transformation. 

Many attempts have been made to formulate a theory of 
probability in which chance is viewed as an acausal natural process 
governed by statistical regularities. Yet, even though an extensive 
literature has been devoted to this problem, no theory of this type 
has yet been devised which has been either practically applicable 
or free of serious inconsistencies. In particular, it has never been 
possible to assign a clear meaning to statements such as (19) and 
(20). A comprehensive evaluation of these theories has been given 
by the mathematician T.L. Fine. 60 We will not try to give a de
tailed account here of the many intricate arguments and counter
arguments which are involved in this subject matter. We will 
simply note the author's conclusion that 

The many difficulties encountered in attempts to understand and 
apply present day theories of probability suggest the need of a new 
perspective. Conceivably, probability is not possible. A careful sift
ing of our intuitive expectations and requirements for a theory of 
probability might reveal that they are unfulfillable or even logically 
inconsistent. Perhaps the Gordian knot, whose strands we have been 
examining, is best CUt.

61 [Author's italics.] 

Thus, the dilemma posed by attributing causeless chance to 
nature has not proven to be amenable to solution; the laws of 
chance needed to supplement the quantum mechanical laws are 
not available. However, the dilemma can be avoided if we give up 
the idea of absolute chance and return to the basic viewpoint that 
all material phenomena have definite causes. 

It turns out that the "laws" described in (19) and (20) can be 
seen to follow as direct consequences of the assumption that the 
causes underlying the sequence of heads and tails are very com
plex. (This is, in fact, the common explanation of the unpredict
ability of the results of tossing a coin.) This is argued in formal 
mathematical terms in Fine's book. 62 It follows that we are not 
actually justified in supposing that a sequence is "lawless" or 
causeless simply because it obeys statistical rules such as (19) and 
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(20). On the contrary, this may be taken as an indication that the 
basic causes lying behind the sequence are inherently complicated 
and cannot be reduced to a simple scheme. The "laws" mentioned 
by Gnedenko can then be understood simply as corollaries of the 
causal laws of nature, rather than as the regulating principles of 
some mysterious "random process." 

This is a very important point if we consider that the practical 
empirical basis for the assertion that the laws of nature are statisti
cal has been the existence of observable sequences, such as (18), 
which satisfy statistical laws. Let us examine a number of different 
sequences which can be observed in nature: 

(1) The sequence of clicks produced by a Geiger counter. 
(2) The sequence of tosses of a coin. 
(3) The works of Shakespeare, regarded as a sequence of 

letters. 
( 4) The sequence of sounds produced by several phone conver

sations which are garbled together so as to be heard 
simul taneously. 

(5) The DNA base sequence for the chromosomes of a human 
being. 

All of these sequences may be expected to satisfy statistical 
laws. In case (3), for example, one could calculate probabilities for 
the appearance of the various letters, and would find that "e" has 
the greatest probability. However, this does not mean that these 
sequences have come about by "chance." Certain of these se
quences, such as (3), are filled with subtle meaning, and others, 
such as (4), are derived from meaningful sequences even though 
they are not meaningful themselves. It is thus reasonable to sup
pose that their adherence to certain statistical laws is due to the 
great complexity of causes lying behind them. 

Case (5) is of particular interest. The biochemist Jacques 
Monod has reported that the amino acid sequences of large organic 
protein molecules satisfy the various statistical laws, as determined 
by extensive computer studies. He has concluded from this that 
these sequences are random. In his words, they represent "ran
domness caught on the wing, preserved, reproduced by the ma
chinery of invariance and thus converted into order, rule, 
necessity. A totally blind process can by definition lead to any
thing; it can even lead to vision itself. ,,63 

Here we have an extreme example of the misunderstanding 
which we have been discussing. According to present biochemical 
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understanding, a large protein molecule in a living cell performs 
very precise chemical operations involving coordinated interaction 
with many other molecular components of the cell. It stands to 
reason then that its structure should be complex but by no means 
chaotic or disorderly. This would account for its adherence to 
statistical laws, and we would not be forced to accept the rather 
contradictory view that this sophisticated structure was a product 
of "blind chance." Indeed, this is an instance where the marvelous 
precision and order of nature suggests the presence of natural 
causal principles extending far beyond the understanding of pres
ent day science. 

One way of looking at the problems of quantum mechanics is 
to suppose that the theory is "under-determined," that is, lacking 
in instructions or laws which will determine the course of events in 
nature. The ad hoc introduction of "causeless chance" may be 
seen as an attempt to remedy this. However, the phenomena of 
chance can be better understood as the byproducts of complex 
causes than as the action of some mysterious "uncaused" se
quences of events. This lends support to the idea that there exist 
many causal agencies or laws in nature unknown to modern 
science. 
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VI. 

Quantum Laws versus Higher Order Laws 

The possibility is always open that there may exist an unlimited 
variety of additional properties, qualities, entities, systems, levels, 
etc., to which apply correspondingly new kinds of laws of nature. 

-D. Bohm 

In Figure 25 we have indicated the complete Schrodinger 
equation for a system of electrons and atomic nuclei interacting 
according to the laws of electromagnetism. This may be regarded 
as an approximate statement of the ultimate causative principles 
underlying all the phenomena of chemistry and life, according to 
the current scientific view. Since this is the non-relativistic equa
tion it is not perfectly in accord with the theoretical requirements 
of modem physics. It could be amended by the addition of various 
approximate relativistic correction terms (such as the Thomas 
precession, (e/2Mc) a . P x E(Q).) The ultimate statement of final 
causes according to the physicists, however, would have to be the 
relativistic equation, as given by the theory of P. Dirac. 64 

We can thus see that it is difficult to write down a completely 
final version of the laws of nature as they are understood by 
modem science .. The relativistic theory itself is plagued by concep
tual and mathematical difficulties and cannot be regarded as a 
complete and consistent theory at the present time. 6s In addition, 
the equation presented here is based on the assumption that the 
atomic nuclei can be regarded as indivisible units. If this assump
tion were invalid, then we would have to take into account the 
vast array of mysterious and unexplained phenomena which have 
been discovered in the study of nuclear reactions at high energies. 
In that case we would not be able to give a definite mathematical 
description of the basic laws at all. 

In view of this, it is strange that it is so commonly asserted 
that life can be understood completely in terms of the known laws 
of nature. The laws themselves are not actually known. What this 
may be understood to mean, however, is that life involves only 
chemic;li phenomena which occur within a certain range of ener
gies. In this range the equation of Figure 25 is regarded as being a 
close enough approximation to the actual, though unknown, laws 
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Figure 25. Quantum mechanical laws underlying chemistry.66 Is this all that 
you are? 

of nature to give a complete account of all of the phenomena of 
life. 

Let us therefore consider some of the features of this equa
tion. It has two features which are particularly striking: 

(1) It is composed of sums of terms, each of which has a very 
simple format. 

(2) It has been exactly solved only for a system of two parti
cles. For larger numbers, only broad statistical conclusions 
have been drawn about the solution to the equation. 

The first of these features simply reflects the fact that this 
equation is based on a very small number of extremely simple 
principles. Owing to the limitations of human reasoning power, 
this kind of simple structure is bound to be a feature of any 
equation which one might hope to seriously consider as a de scrip-
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tion of natural law . If we examine the equations in Figures 3 and 7 
and Figures 9 and 25, we can see that these principles have been 
very slowly added arid modified as different scientific theories 
have been proposed and rejected. One might well wonder how 
long a period of slow and painful development and revision would 
be necessary in order for scientists to develop equations based, 
say, on 20, or 100, or 1000 basic mathematical relations. It cer
tainly has not been proven that a finite mathematical expression is 
sufficient to describe the laws of nature. Indeed, it is quite con
ceivable in principle that these laws cannot be approached even by 
an unlimited amount of mathematical information. 

Essentially, this equation, like its predecessor equations, bases 
everything on sums of simple pushes and pulls. How is it that all of 
the phenomena of life could be due to such simple causes? Even if 
we neglect the phenomenon of consciousness, how are 'we to 
understand that chaotically distributed atoms and molecules have 
gotten together to fonn a world of incredibly intricate automa
tons, complete with eyes, brains, and molecular information 
storage systems? Why wouldn't they just keep on pushing and 
pulling in chaotic disarray? It is not sufficient to invoke the 
magical phrase, "natural selection," here. What we would like to 
understand is why pushes and pulls should be expected to com
bine in such a way as to produce such selection.67 

Before one can even consider these questions of origins, there 
is the more immediate question of whether or not the equation of 
Figure 25 will describe the functioning of a living organism for any 
length of time. If one could deterr.line the initial 'It for a human 
body, and then compute the development of 'It with time, what 
would one find? For all that we know, the body might immedi
ately disintegrate, or even explode! We certainly have no basis for 
supposing that it will compose symphonies or create quantum 
mechinics through the mutual oscillation of myriads of pushes 
and pulls. 

The difficulty mentioned in point (2) imposes a practically 
impenetrable barrier in the path of all attempts to demonstrate 
that equations such as this determine the functioning of living 
organisms. Even for as simple a system as the diatomic hydrogen 
molecule, H2 , the Schrodinger equation can only be solved by 
means of exceedingly difficult methods of approximation. Indeed, 
the solution has never been completely carried out. If we reflect 
that the human brain alone is estimated to contain some 100 
billion nerve cells, we can see that there is no scientific basis for 
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the claim that life is simply a product of the known physical laws. 
This conviction is simply· a matter of blind faith. 

The theory of quantum mechanics has in fact been tested 
experimentally only in very restricted situations. The physicist 
E. Wigner has pointed this out as an explanation of why discus
sions of the fundamental problems of quantum mechanics have 
not had much impact on the practical experimental applications of 
the theory. According to him, the reason for this is that "we 
hardly ever use quantum mechanics in the fashion we use classical 
mechanics: to predict events. Rather, we use it, as a rule, either to 
determine material constants, or the possible value of essentially 
only one observable, the energy .... It is perhaps disappointing 
that so few other conclusions of the general microscopic theory 
are commonly put to experimental test. ,,68 

We might, therefore, compare the assumption that quantum 
theory is universal with the conclusions reached by the scientific 
ant depicted in Figure 26. This ant is situated on the ceiling of a 
room, and its senses provide it with information about its immedi
ate vicinity. After much observation and deliberation, it has de
veloped a very elegant and concise theory of reality which it finds 
to be in excellent agreement with experiment (Figure 27). The ant 
has concluded that this theory is universal and complete. 

Wigner has also made an interesting observation as to why 
scientists have so consistently tended to claim that the theory of 
the moment is a complete description of final principles. "If one 
admitted anything like the statement that the laws we study in 
physics and chemistry are limiting laws, ... , we could not devote 
ourselves to our study as wholeheartedly as we have to in order to 
recognize any new regularity in nature. The regularity which we 
are trying to track down must appear as the all important regu
larity if we are to pursue it with sufficient devotion to be suc
cessful. "69 

Direct Evidence that the Quantum Theory Does Not Account 
for the Phenomena of Life 

Owing to this determination to regard themselves as all
knowing, scientists have been willing in the past to relinquish a 
theory only when overpowering evidence was presented which dis
proved it. We may anticipate that this will also prove to be the 
case with the present dominant theories. The difficulties described 
thus far in the theory of quantum mechanics certainly indicate 
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Fiaure 26. The scientific ant. 

that the theory is incomplete in many respects. This would lead us 
to suspect that there should exist readily observable natural phe
nomena which directly violate the numerical predictions of the 
theory. In this subsection we will consider two lines of evidence of 
this type. 

First, let us consider the phenomenon of biological trans
mutations. The French scientist C. L. Kervran has reported 
on extensive experiments showing that various chemical ele
ments are created or destroyed within the bodies of living 
organisms. 7o He proposed that this could only be explained by 
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Figure 27. The ant's universal theory of reality. 

supposing that nuclear reactions such as Na + 0 -? K, Si + C -? Ca, 
or Ca -? Mg + 0, could occur on a regular basis within the organ
isms as a feature of their normal metabolism. We mention this 
rather remarkable finding because it seems to have been based on 
careful experimental measurements and to have been corroborated 
by investigators other than Kervran himself.71 

This result immediately implies that the phenomena of life are 
not simply limited to the realm of chemistry. In addition, it indi
cates the need for a revision in the basic laws of physics. Since 
atomic nuclei possess a positive electric charge, it follows from 
present theory that they strongly repel one another at close dis-
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tances and cannot be brought together without the application of 
a considerable amount of energy. The problem of explaining how 
such nuclei could be combined or broken down in a systematic 
way within living cells should provide a considerable challenge to 
the theory of quantum mechanics. 

The second example of contradictory evidence involves the 
phenomenon of self-reproduction. Wigner has presented an argu
ment indicating that it is very doubtful that the equations of 
quantum mechanics can account for the capacity of living beings 
to reproduce themselves.72 Here is a brief summary of his argu
ment. 

Consider a quantity of matter about the size of some living 
organism, such as an amoeba. If this matter is presumed to be 
within a certain range of energies, then it can be described by one 
of N different quantum mechanical states, or wave functions. This 
N will be an enormous number and will correspond to the total 
number of different configurations that the matter can assume 
within that range of energies. 73 

Let us suppose that out of these N states there are n "living" 
states, and that out of these n states there are m "viable" living 
states having the capacity to reproduce themselves in a favorable 
environment. Formally, we assume: 

(a) For each viable living state there is at least one favorable 
environment. Taken together, this living state plus the en
vironment will transform into a new state consisting of 
two living states plus the remainder of the environment. 
This transformation will take place in a definite time ac
cording to the Schrodinger equation for the system. 74 

Wigner showed that when this assumption is translated into 
quantum mechanical terms, it implies that a certain fixed set of 
linear equations must be satisfied. He observed that for these 
equations, 

(b) The number of unknowns 

The number of equations 

These equations are determined mathematically by the quantum 
mechanical laws of the system and represent another way of ex
pressing these laws. 

It stands to reason that the number of viable living states 
should be nearly as great as the number of living states and that 
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the number of living states should be very small compared with 
the totality of states. Thus we should expect that 

(c) 
m n 
~

n N 

However, this implies that the number of linear equations which 
must be satisfied is vastly greater than the number of available 
unknowns. Wigner pointed out that this makes it very unlikely 
that the equations can be solved. Linear equations are generally 
expected to possess a solution only when there are at least as 
many unknowns as equations. 

It therefore follows that the theory of quantum mechanics 
cannot be expected to account for the reproduction of living en
tities. The argument is not perfectly rigorous because the coeffi
cients of the linear equations might just happen to line up in such 
a way that all of the equations could be simultaneously satisfied 
by the relatively small collection of unknowns. However, this 
would not be expected to occur unless there were some specific 
compelling reasons for it. It is certainly the responsibility of those 
who advocate the universality of present scientific knowledge to 
provide such reasons. 

We should note in passing that the molecular model of cellular 
reproduction described by Crick and Watson has never been for
mulated exactly in terms of a definite system of natural laws. 
Indeed, many steps have been left unspecified in this model. It is 
only assumed without proof that the sequence of events entailed 
by this model correspond to the predictions of the "known laws 
of physics." 

Higher Order Laws 

The many limitations, contradictions, and bizarre features of 
quantum theory have led a number of scientists, such as Albert 
Einstein, to seek an entirely new theory. 75 Generally, these sci
entists have proposed that the quantum theory is incomplete, and 
that this incompleteness can be remedied by finding new variables 
which can be tied together by deterministic equations to fonn a 
theory of the 19th century type. Such proposals are generally 
referred to as hidden variable theories. 

We shall not discuss these proposals in much detail since none 
of them have yet gained widespread acceptance. They have been 
the subject of much controversy, with some authors arguing that 
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they are mathematically impossible in the context of modern ex
perimental findings, and others in turn arguing that these authors 
are mistaken. 76 

Some of these scientists, however, have gone beyond the con
ception of developing a new mechanistic theory, and recognized 
that nature is not necessarily subject to description by a finite 
collection of mathematical laws. Thus, D. Bohm has stated that no 
matter how far our knowledge of nature progresses, we may 
always expect to find new laws, qualities, and properties which 
"lead to effects which are not small in relation to those following 
from previously known properties, qualities, and laws. "77 In other 
words, although we may express a limited and approximate under
standing of nature by means of a finite system of laws, we may 
expect that any such system-no matter how elaborate-must fail 
to describe, or even touch upon, many significant natural phe
nomena. Such a view is quite plausible if we consider the incred
ible complexity and organization of living organisms and also the 
apparent incompatibility of consciousness with numerical descrip
tion. 

It is also supported by the many discoveries in pure mathe
matics of problems which can only be solved with the aid of 
unlimited systems of basic laws. 78 Perhaps the most famous ex
ample of this is Godel's incompleteness theorem, which establishes 
that the theorems of arithmetic can only be established by an 
unlimited (non-recursive) axiom system. If this is true of mathe
matics, then it should not seem surprising that it might be true of 
nature also. 

We would therefore like to introduce the concept of higher 
order laws. By the term "higher order" we shall refer to one of the 
following set of progressively stronger properties: 

(1) The laws cannot be reduced to the known laws of physics. 
(2) They can be expressed mathematically only by very 

elaborate expressions. 
(3) They cannot be expressed mathematically at all, and relate 

to entities which are not amenable to numerical descrip
tion. 

From our investigation of quantum theory we can see that the 
presently known laws of physics do not give an adequate descrip
tion of nature. At the very least, higher order laws of type (1) or 
type (2) must be considered. In the next section we shall describe 
how consciousness can most naturally be understood in terms of 
higher order laws of type (3). 
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VII. 

The Laws of Consciousness and Matter 

The absolute controller is acting within the heart, and is directing 
the wanderings of all living entities, who are seated as on a machine, 
made of the material energy. 

-Bhagavad-glta 

In this review of various scientific theories we have been led to 
the conclusion that there are fundamental defects and limitations 
in man's present scientific understanding of matter and its laws. As 
we have seen, many theories have been proposed and rejected in 
the past, and this process still goes on. We have seen that the 
present dominant theory of quantum mechanics suffers from 
serious defects in its fundamental structure which can only be 
partially remedied by artificial, stop-gap measures. Its claim to 
universal applicability is unconfirmed, and there exists evidence 
which directly contradicts this claim. We can thus conclude that 
scientists do not know what matter is nor how it is acting. 

The basic philosophical presupposition of modem science is 
that all the effects of nature are the consequences of a few simple 
laws capable of mathematical expression. Our thesis is that this 
presupposition has by no means been established. Indeed, as stated 
by the physicist D. Bohm in a discussion of this point, "the his
torical development of physics has not confirmed the basic 
assumptions of this philosophy, but rather has continually con
tradicted them. ,,79 In this section we would like to explore some 
of the possibilities that arise if we discard this philosophical assump
tion and suppose instead that there may be no limit to the vari
ety of natural laws and entities. In particular, we would like to 
consider the role of consciousness as a phenomenon of nature. 

The Irreducible Character of Consciousness 

Throughout its struggles with the nature of matter, modem 
science has neglected consciousness almost completely, even 
though this phenomenon is the most primary feature of our exis
tence as living beings. Indeed, the very existence of consciousness 
has proven to be a great embarrassment to the theoreticians of 
quantum mechanics. Some physicists, such as Niels Bohr, have 
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been content to ignore, or "renounce," the very question of 
understanding consciousness. Others, such as von Neumann and 
Wigner, have recognized that consciousness lies outside the domain 
of their theories, but must be taken into account if a true under
standing of nature is to be reached. However, they have not been 
able to introduce consciousness into their theoretical picture in a 
satisfactory way. 

We would like to suggest that consciousness is a feature of 
reality which is incapable in principle of being adequately de
scribed in numerical terms. In our review of different mathemati
cal descriptions of nature we have dealt with essentially two types 
of theories: 

(1) In the first type there is a one to one correspondence 
between certain sets of numbers and the "fundamental 
elements" of reality. In such a theory every existing 
feature of nature can in principle be mathematically repre
ented, for every feature must be a combination of funda
mental elements. The classical nineteenth century theories 
were generally of this type. 

(2) In the second type there is a correlation, which may be 
statistical, between certain numbers in the theory and the 
quantitative results of experimental measurements. It is 
not possible, however, to pin down the underlying reality 
which gives rise to these results. The calculations of the 
theory are simply supposed to predict the results to the 
greatest possible extent, and their structure cannot be 
thought of in terms of underlying entities or phenomena. 
The Ptolomaic astronomical system is an example of this 
kind of theory. 

Generally, theories are interpreted as being of the first type. 
However, many people have felt impelled to regard quantum 
mechanics as a theory of the second category. (This is the option 
of admitting the wave function to be an incomplete description of 
nature, and simply accepting the whole theory as a set of approxi
mate calculations.) Maxwell's electromagnetic theory can also be 
viewed in this way, as we pointed out in section II. 

A theory of the second type may predict bodily movements or 
the electrical potentials of neurons in the brain very accurately 
(although we should stress that no such predictions have actually 
been made from any existing theory). However, it can give us no 
insight at all about how or why conscious awareness is associatpd 
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with such phenomena. From a calculated list of numbers corre
sponding to some physical behavior, what can we say about the 
awareness that mayor may not have been associated with that 
behavior? It remains a complete mystery. 

In a theory of the first type we are confronted with a picture 
of the world as a composite of many simple, elemental entities. As 
we have noted before, there is no reason to suppose that conscious 
awareness will exist just because many of these entities are jux
taposed in a certain pattern. Each simple, thoroughly insentient 
entity interacts with the others by some simple mechanical rule. 
At anyone time each entity is changing (in position, orientation, 
amplitude, spin, or whatever) in a simple, thoroughly insentient 
way depending on this rule. No entity "knows"in any sense what 
the others are doing. How then can clear conscious awareness exist 
as a consequence of the presence of many such entities in some 
spatial arrangement? 

The essential motivating idea for supposing that consciousness 
can be "explained" in this way is the notion that conscious aware
ness somehow corresponds with physical behavior. We have 
touched on this point before. However, to further dispel this mis
leading conception, let us consider a particular form in which it 
often appears. This is the idea that a computer can be conscious if 
it simulates by calculation the appropriate physical events occur
ring in a person's brain. 

The British mathematician A. M. Turing has advanced the 
argument that all of a person's behavior can be duplicated by a 
suitably programmed computer. 80 Of course, this is far from being 
actually demonstrated. But, if we were confronted with such a 
computer, which could talk with us and exhibit all of the symp
toms of human personality, then we might indeed be tempted to 
suppose that it possessed human consciousness. The question is: 
would this supposition be justified? 

In order to answer this, consider what is going on within the 
computer during its calculations. Within the computer's "mem
ory" unit there is stored a list of numbers encoding instructions 
for simple logical and arithmetical operations. Part of this list 
might look as follows: 

code number 

10 4787 0648 

meaning 

"Add the number at location 4787 to the num
ber at 0648." 
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02 0648 1246 

03 0648 1267 

"If the number at 0648 is positive go to the step 
stored at 1246; otherwise, go to the next step." 

"If the number at 0648 is negative go to the step 
stored at 1267; ... " 

... etc ... . 

All that the computer is doing at anyone time is mechanically (or 
electrically) carrying out the instruction corresponding to one of 
these code numbers. The total behavior of the computer is simply 
the net result of the execution of many of these instructions, one 
after the other. 

Since only a few simple electrical interactions are taking place 
at one time, it is hard to see how the computer could be con
scious. If the computer were slowed down (as is possible) so that 
each simple step was stretched out over several seconds, the pat
tern and sequence of the steps would remain the same. Since the 
behavioral output of the computer would be slower but otherwise 
the same, does it follow that the conscious awareness of the com
puter would simply be stretched out in time? If not, we would 
have to explain why executing the instructions at one speed would 
generate conscious awareness of the thoughts being simulated, 
while at another speed there would be no consciousness of these 
thoughts. 

Also, changing the construction of the computer should pre
sumably not affect its consciousness as long as it is programmed to 
carry out the same steps, for this assures that its behavior will 
exhibit the same pattern. Figure 28 illustrates one form in which a 
computer can be constructed. Here the computer instructions are 
used to set up a gigantic "game" which could be played step by 
step by a child. As the child carries out these steps, will the same 
consciousness of the simulated thoughts be manifested there
stretched out, perhaps, over several years? This hardly seems plau
sible, but otherwise how are we to judge which of many computers 
with equivalent programs will be conscious and which ones will 
not? 

We would like to suggest then that consciousness must be due 
to some existing entity in nature that cannot be numerically de
scribed. In the remainder of this paper we would therefore like to 
explore the implications of the following assumption: let us 
suppose that there are primary, irreducible entities that possess 
conscious awareness. These can be thought of as quanta of con-
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Figure 28. A computer In the form of board game. Suppose that the program, 
printed in steps on the squares of the board, is intended to recre· 
ate the consciousness of Joe Smith. As the game is played, will his 
consciousness be present there? 

sciousness in analogy to electrons which, in standard physical 
theory, can be thought of as irreducible quanta of electricity. Each 
of these quanta of consciousness carries or possesses the individual 
awareness of a particular individual living being. We shall also use 
the term alma to designate one of these conscious entities. 

Although we are assuming the conscious entity to be primary 
and irreducible, it is not simple like an electron. Whereas the 
electron is attributed simple properties, such as charge and spin, 
the quantum of consciousness must be capable of comprehending 
and appreciating very complex situations. For this reason we shall 
designate the quanta of consciousness collectively as the superior 
energy, in contrast with matter, which can be called the inferior 
energy. 

Our proposal, then, is that each conscious living organism 
consists of a body composed of matter plus an alma which asso
ciates with this body and is conscious of the activities of the 
bodily senses. Many conscious entities must be invoked to account 
for the observed existence of many individual conscious beings. 
The content of the consciousness of a given alma interacting with 
matter will depend on the physical arrangement of that matter. 
For example, there will be consciousness of bodily sense percep
tion if the senses are in working order, but there will not be such 
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consciousness if they are not working. This state of affairs can be 
called materially conditioned consciousness. 

By "matter" we mean the familiar object of study of physics 
and chemistry. Matter can be conceived of as an inherently insen
tient type of energy that can be transformed into many different 
temporary forms and configurations. The theory of quantum 
mechanics has left our understanding of matter rather "fuzzy" to 
say the least. It is capable to some extent of being described by 
various mathematical laws. However, it is evident that matter is 
still in many respects a mystery to modern science. 

We should note that many of the features of our experience 
that are commonly called "mental" may be part of the materially 
determined content of consciousness, rather than part of the 
conscious entity, or atma, itself. This would include many differ
ent temporary features of our mental life such as the memory of 
words, and different skills and habits. However, the atma must be 
inherently capable of awareness and appreciation of these things, 
or they would simply go unnoticed. 

Our basic proposition is that the quantum of consciousness 
cannot be described mathematically as a combination of insentient 
entities. The question naturally arises of whether or not the atma 
might be a combination of insentient, mathematically indescriba
ble entities which fit together in a mathematically indescribable 
fashion. Actually, this is a rather cumbersome and intractable pro
posal. Since consciousness exists but cannot be numerically de
scribed, it follows that some kind of conscious entity must exist 
which cannot be understood in our familiar mathematical terms as 
a combination of simple, insentient entities. The simplest and 
most economical solution to this problem is to suppose that con
sciousness is an absolute feature of reality, and that the conscious 
entities are completely irreducible. This is much more in accord 
with Occam's razor, the principle of economy of thought, than is 
the introduction of many other completely mysterious irreducible 
entities. 

Consider, for example, the hypothesis that consciousness is an 
"epiphenomenon" of brain activity.8! This hypothesis is outlined 
in Figure 29. In this figure the laws governing matter are taken, for 
the sake of argument, to be of the classical 19th century type. The 
point of the epiphenomenon hypothesis is that certain material 
configurations, such as functioning human brains, "generate" 
consciousness, while others do not. The consciousness, on the 
other hand, is presumed to have no effect on matter (and there-
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Law generating 
consciousness: 

aq 
a-t j = F 2 (Pl,···, Pn;ql , ... , qn;j) 

{
"consciousness" 

G(PI , ... , Pn; ql , ... , qn) = "unconsciousness" 

Figure 29. A model in which consciousness figures as an "epiphenomenon." 

fore is not included among the arguments of the laws of matter, 
F J and F2') 

In Figure 29, the law, G, which generates consciousness in this 
way is indicated. If G is a fundamental natural law then G must 
eternally exist in some sense. Yet G must also be mathematically 
indescribable since it generates consciousness, which is mathema
tically indescribable. G must somehow generate individualized, 
mathematically irreducible conscious awareness in association with 
each suitable brain. It is very hard to obtain a clear understanding 
of this mysterious G, or relate it, for example, to the theory that 
life has originated from matter by evolution-one might wonder 
what G was doing during all the time when no brains existed. The 
assumption of irreducible conscious entities certainly poses no 
more difficulties than the hypothesis of such a G. 

However, this assumption has the interesting implication that 
the conscious self survives death. In fact, if we suppose that the 
atma tends to be associated with highly organized material 
bodies-and this certainly seems reasonable from an empirical 
standpoint-then the transmigration of the conscious self through 
a succession of bodies is implied. Even though these are very strik
ing implications, we propose to adopt the assumption in this paper 
that the quantum of consciousness is completely irreducible. As 
we shall see, this assumption dovetails with a very concise and 
elegant world picture that is full of significant consequences and 
interesting avenues of further study. 

The properties of the atma can be summarized as follows: 

(1) The elemental carrier of consciousness. 
(2) Exists in unlimited numbers. 
(3) Cannot be created or destroyed (conservation principle). 
(4) Tends to be associated with very complex bodies com-

posed of material elements. 
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Universal Consciousness 

Let us consider what sort of laws of interaction are involved 
with the quanta of consciousness. We shall approach this from the 
point of view of the basic question, "What is the nature of the 
absolute truth, or the final cause of all causes?" Here are a number 
of features characteristic of the concept of the absolute truth as 
we have encountered it thus far in normal science: 

(1) The absolute truth exists, but is inconceivable to the 
human mind. 

(2) It is all-pervading in space. 
(3) It is invariant in time. 
(4) It is the source and controller of all manifestations. 
(5) It possesses an inherent unity. 

As we have pointed out in previous sections, the natural laws 
have played the role of the final, absolute cause in the various 
mathematical theories of physics. Certainly the laws of all basic 
physical theories have shared properties (1), (2), and (3). Since the 
natural laws have always had to be supplemented by initial condi
tions (or even "interim" conditions!) they have not satisfied 
condition (4), however. Nonetheless, scientists have generally tried 
to minimize the ultimate importance of the initial conditions as 
much as possible by means of the idea of evolution. In this way 
they have tried to attribute property (4) to their systems of laws 
to the greatest possible extent. 

Likewise, the laws of physics, inasmuch as they consist of a 
series of apparently unrelated mathematical expressions, do not 
satisfy (5). (See Figure 25.) However, the creators of theories have 
customarily tried to formulate their laws in such a way that they 
possess as much unity as possible. For example, the Hamiltonian 
formulation of Newton's laws in equations (1) and (2) of section 
II was considered to be a great accomplishment because of its 
unity and simplicity of form. Albert Einstein, in fact, devoted 
much of his efforts to the development of a "unified field theory" 
for physics because he felt that the ultimate cause underlying 
nature must be a harmonious unit rather than a disjointed melange 
of unrelated things. 

In this context, the simplest hypothesis that we could make 
about the absolute truth is the following: let us suppose that a 
"higher order law" governs the actions of both the inferior and 
superior energies, and that this higher order law satisfies condi
tions (1) through (5). 
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Since we are dealing with mathematically indescribable enti
ties, this must be a higher order law of the third category men
tioned in section IV. If the interaction of the atma with matter 
proceeds according to such a law, then we might expect the behav
ior of matter to be more and more difficult to describe mathema
tically the more directly and intimately the matter is involved 
with the activities of the atma. The more closely a mathematical 
approximation predicts the measureable, external manifestations 
of laws of this catagory, the more elaborate the approximation 
must be. Therefore, while simple laws may be applicable to inani
mate matter in standard laboratory situations, we may expect that 
they will not suffice to describe the behavior of matter within the 
bodies of living organisms. This corresponds to the view of the 
physicist E. Wigner that "the present laws of physics are at least 
incomplete without a translation into terms of mental phenomena. 
More likely they are inaccurate, the inaccuracy increasing with the 
increase in the role which life plays in the phenomena 
considered. ,,82 

We have proposed that the "higher order law" we are consider
ing should fully satisfy the criteria (1) through (5) for the absolute 
truth. This means that this "law" must generate and control all 
manifestations and also be highly unified. Certainly, unity in the 
sense of simple equations is not possible here, for we must expect 
even approximations to the material actions of this law to be 
highly complex, the law itself being completely beyond mathema
tical description. It might seem very difficult to discuss or even 
conceive of such an entity. 

It turns out, however, that the simplest possible choice for our 
"higher order law" satisfies points (1) through (5) perfectly. We 
have already introduced consciousness as a primary, irreducible 
feature of reality. The most economical hypothesis for the abso
lute causal principal is therefore the following: let us suppose that 
the absolute truth is all-pervading, universal consciousness. We 
shall designate this universal consciousness as paramatma. 

Let us suppose that such things as desire, will, and purpose are 
inherent aspects of the conscious entity, or atma. On this hypo
thesis, the interaction of the quanta of consciousness with matter 
can be understood as follows: the atma situated within a particular 
material body exhibits certain desires; these desires are perceived 
by the paramatma, and in coordination with the desires of all 
other living entities, the paramatma directs the material elements 
of the body accordingly. This is possible since the paramatma is 
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the ultimate causative factor lying behind both the inferior and 
superior energies. Briefly, we are proposing that the interactive 
coupling between the atma and matter proceeds through 
consciousness. 

In this picture, property (5) is satisfied since the paramatma is 
one conscious unit that perceives all things. We were already 
forced to posit an indivisible unit that can perceive a multiplicity 
of things when we introduced the atma, so this is not something 
qualitatively new. In this picture the individual atmas can be re
garded as minute quantized parts of the paramatma which share its 
properties on a small scale. 

We have also posited that the paramatma should satisfy prop
erty (4) of the absolute truth. By introducing laws of higher math
ematical complexity-what to speak of laws transcending 
mathematical description-we have already been forced to depart 
from the spirit of evolutionary thinking. The idea of evolution is 
basically that complex form arises by simple processes from a 
situation where there was no such form. Here, however, we have 
already introduced absolute complexity. By proposing that the 
paramatma, or the ultimate causal agent, is the reservoir of all 
form and all processes, we are merely carrying this departure to its 
logical conclusion. This is also consistent with the requirement 
that each irreducible quantum of consciousness must possess the 
innate capacity to comprehend and appreciate complex material 
forms. It stands to reason that universal consciousness should have 
this same capacity on a universal scale. Thus, we propose that the 
paramatma possesses universal knowledge, and is thus able to 
manifest all phenomena without depending on chance or arbitrary 
initial conditions. 

Consciousness and Knowledge 

Thus far we have described the content of the consciousness of 
individual living entities as being limited to the perception of 
arrangements of matter. This content might be more or less elabo
rate depending on the condition of the body occupied by the 
conscious entity. However, it is natural to ask whether or not such 
a conscious entity can directly perceive either itself, other atmas, 
or the universal consciousness, paramatma. 

This natural possibility opens up an entirely new avenue of 
practical investigation and is the most significant consequence of 
the view of reality which we have been outlining. Not only does it 
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open up a new line of inquiry into the nature of life and con
sciousness, but it also suggests a possible method of acquiring 
knowledge that is different in principle from the procedure of trial 
and guesswork employed in science: if the absolute cause under
lying all phenomena is conscious, then one might hope to obtain 
knowledge from this source. 

The existence of higher order laws and entities incapable of 
mathematical description makes it completely unrealistic to hope 
that comprehensive knowledge of life (or matter) can be attained 
solely by trial and error. This can be seen very easily if we reflect 
on the arduous struggles which led to the formulation of the phy
sical laws illustrated in Figure 25. How long might it take to 
develop an equation involving 20 times as many terms and re
quiring as many revolutionary changes in fundamental conceptions 
of nature? Yet, these very considerations also point to an alterna
tive source of knowledge. 

Let us consider how the nature of the atma can be directly 
studied. An entity is normally studied in a scientific experiment 
by means of some procedure which isolates the entity in its pure 
and original form and eliminates extraneous influences. Such a 
procedure must take advantage of the particular distinguishing 
features of the entity and its laws of interaction. 

For example, a beam of essentially pure "electricity" is gener
ated by the apparatus known as a cathode ray tube, thus enabling 
many of the properties of electricity to be studied directly. This 
apparatus takes advantage of the basic property of electric charge 
and the laws of electrical interaction. 

The study of the atma similarly requires some procedure for 
isolating it in its pure state. In our normal experience the atma is 
intimately bound up with matter by very powerful interactions, 
and therefore it is very difficult to discern its characteristic prop
erties. In order to isolate the atma from the influences of material 
interaction it is necessary to take advantage of its basic distinguish
ing property-consciousness-and the agency-paramatma
governing its interactions. This requires the study of the relation 
between the individual conscious entity and the all-pervading 
absolute consciousness. 

Thus, we cannot expect to study the atma using the familiar 
physical laws of interaction known to modern science. The atma 
cannot be expected to interact according to the laws of electro
magnetism, and thus we could not expect to "see" one by means, 
say, of an electron microscope. 
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Rather, the isolation of the atma from the influences of matter 
requires procedures in which one's own self becomes the object of 
study and the primary features and characteristics of the self are 
invoked. Such systematic procedures have already been extensive
ly studied, although they tend to be relatively unknown in the 
cultural tradition in which our modern scientific knowledge has 
been developed. Their basic principles are discussed very concisely, 
for example, in the ancient Sanskrit text known as the Bhagavad
gfUi. 83 

This body of knowledge may be summarized as the science of 
self-realization, for it is logical, consistent, and systematically 
related with reproducible procedures of empirical observation. We 
have drawn upon a small part of this science in our presentation of 
the concepts of the atma and the absolute truth, or paramatma. 
We have tried to show the philosophical and scientific soundness 
of this system of ideas as a solution to the fundamental dilemmas 
faced by our present scientific picture of reality. 

A detailed presentation of this science is beyond the scope of 
this paper. We would simply like to suggest that the approach to 
the study of consciousness which we have outlined here will lead 
to new insights in our understanding of both life and matter. On 
the other hand, we feel that the present scientific view of life as 
the electromagnetic interaction of certain molecules is quite wrong 
and will only lead to a frustrating dead end. 
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Appendix I 

The Theory of Loinger, Daneri, and Prosperi 

The goal of this theory is to solve the "problem of measure
ment" in quantum mechanics by eliminating the need to refer to 
feature (3)-the reduction of the wave packet. The basic idea is to 
show that only the laws of nature, as embodied in the Schrodinger 
equation, are needed in order to fully account for all phenomena. 
As such, this approach seeks to restore the integrity of physics by 
showing how everything can be explained in terms of the familiar 
concepts of physical forces without the introduction of arbitrary 
and mysterious adjustments, such as (3).84 

It has been widely asserted that this theory has indeed accom
plished its goal, and the authors themselves assert that "our theory 
constitutes an indispensable completion and a natural crowning of 
the basic structure of present day quantum mechanics."8s How
ever, the theory has also received serious criticism from many 
scientists.86 We will not be able to discuss all of these criticisms 
here. This discussion will be devoted to one very basic point in 
which Daneri, Loinger, and Prosperi are in error. 

In their theory it is proposed that owing to the essentially 
macroscopic (large scale) nature of the measuring apparatus, inter
actions occur during the process of measurement which, in effect, 
carry out the "reduction of the wave packet." These interactions 
are described by mathematical relationhips called ergodicity 
conditions. 

The basic error in the theory derives from the misuse of the 
concept of a "mixture" or "density matrix." Let us briefly de
scribe this concept. The result of the application of process 1 to a 
state, 'IT, can be summed up as, 

(a) "The system is in the state, l/Ik, with probability ICkI2. (k = 
1,2,3, ... )" 

Here I/Ik = Pk'll/IIPk'llll and ck = IIPk'l'll. (See figure 14.) It 
is possible to correlate this statement in a one-to-one fashion with 
the mathematical expression, 

(b) ~ 1 Ck 12 P( l/I k ), 
k 

where P( l/I k) is called the projection operator associated with l/I k· 
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The expression (b) is called a mixture or density matrix, and was 
first introduced by von Neumann. 87 

If the state of the system is 'I! , then it can also be referred to 
in terms of the mixture, P('I!), since this corresponds to the 
statement, 

(c) "The system is in the state, 'I! , with probability one 
( certain ty). " 

It is therefore possible to refer to both statements (a) and (c) by 
referring to the corresponding mixtures. In these terms, the reduc
tion of the wave packet is formally equivalent to the transforma
tion, 

00 

( d) P('I! ) -.. 

between mixtures. 
What Daneri, Loinger, and Prosperi have argued is that, mathe

matically, the transformation of the wave function by Schro
dinger's equation during a process of measurement is equivalent to 
the process (d), if one takes averages over a time interval. This is 
attributed to the very complex interactions occurring in the 
measuring apparatus as a consequence of the very large number of 
particles composing it, and is demonstrated by invoking the ergo
dicity conditions. They therefore conclude that Schrodinger's 
equation is sufficient to account for the reduction of the wave 
packet, and that this can be understood by properly taking into 
account the macroscopic size of the measuring apparatus. 88 

The error in their conclusion stems from the fact that after a 
"reduction of the wave packet" the system is not in the mixture, 

Rather, it is in a particular state, 1/1 k> which may be referred to by 
the mixture expression, P( 1/1 k), if we want to use this terminology. 
The "mixtures" appearing in (d) actually have two different inter
pretations. The system may be said to be in the mixture on the 
left, since this simply means that it is in the state, 'I! . However, the 
system cannot be said to be in the mixture on the right, since this 
expression refers to a statement of probabilities as to which state 
the system is actually in. 

Factually, in the analysis presented by these authors the sys-
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tem is almost always in a state, 'I1(t), which is ambiguous on a 
macroscopic scale. The mathematical approximation that 

in an average sense, simply confirms this large scale ambiguity of 
'IF. They have not shown how such ambiguities can be eliminated. 

The statement that a system is in a mixture is quite common 
in the quantum mechanical literature and has apparently become a 
customary usage. On a macroscopic scale, it is clearly just as 
ambiguous to say that a system is in a mixture of two conflicting 
alternatives (such as day and night) as it is to say that it is in a 
state which is a superposition of states corresponding to those 
alternatives. Therefore the problem of ambiguity is not solved by 
saying that an ambiguous state, or wave function, has become 
equivalent to an equally ambiguous "mixture." 

Another interpretation of mixtures is that they refer to en
sembles of systems rather than to one particular system.89 In this 
interpretation, statement (a) is taken to mean that N completely 
independent copies of the physical system are being considered, 
and that for each k = 1,2,3, ... we have ICkl2 N of them in the state, 
t/lk' However, we are interested in knowing what happens to one 
system. It clearly won't do at all to start out talking about one 
system, and then at some point change the subject to a discussion 
of a collection of systems. Indeed, this would require a repeated 
subdivision of the collection into larger and larger collections in 
those cases where the reduction of the wave packet must be re
peatedly invoked. On the other hand, if we can only, speak about 
the statistical behavior of large ensembles of systems without 
mentioning their constituents individually, then it follows that the 
quantum theory is drastically incomplete. Actually, these interpre
tations simply serve to obscure the fact that the problem of ambi
guity in the quantum mechanical description of nature has not 
been solved. 

This confusion over the meaning of mixtures also enters more 
subtly and indirectly into many discussions of quantum theory. 
This is illustrated, for example, in Rosenfeld's summary of the 
arguments of Daneri, Loinger, and Prosperi. 90 Without referring 
explicitly to mixtures, this author defines the reduction of the 
wave packet as the formal setting to zero of certain expressions, 
called correlation or interference terms. This, however, is simply 
the mathematical equivalent of the transformation in (d). The 
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basic interpretation that process 1 means the replacement of a 
superposition of states by its corresponding mixture is still implic
itly present. However, this simply begs the question of how and 
when an ambiguous state of affairs is to be converted into an 
unambiguous one in the quantum theory. 
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Appendix II 

Replacement of the Schrodinger Equation 
by the Master Equation 

Here we shall briefly consider a type of equation, called the 
master equation, which can be used in place of the Schrodinger 
equation in some circumstances. This equation has the advantage 
of being conceptually simpler than the Schrodinger equation. It 
describes nature in terms of a Markov process which closely ap
proximates the common, naive concept that molecular inter
actions proceed by actual random "quantum jumps" occurring 
one after another in individual molecules in ordinary time and 
space. It is also well suited to discussions of irreversible thermo
dynamic phenomena, such as the tendency of a large system of 
molecules to seek a state of equilibrium. 

It is perhaps for these reasons that some biologists and bio
chemists have adopted this equation as an appropriate means of 
mathematically describing the metabolism and behavior of living 
organisms, and also their proposed origin from a "primordial 
soup" of simple chemical compounds. 91 Of course, this equation 
cannot be regarded as a complete description of nature; it belongs 
to that branch of physics, known as statistical mechanics, which 
entails the use of statistical assumptions to simplify the descrip
tion of systems composed of very large numbers of interacting 
parts. It might be thought, however, that if living organisms are 
phenomena obeying the quantum laws, then this type of approxi
mate equation might be useful for describing them. 

We would simply like to point out here, however, that this 
equation cannot be expected to yield any information at all which 
specifically relates to living organisms. The reason for this is that 
the master equation describes nature in terms of an ensemble of 
wave functions with random phases. 

This can be briefly explained as follows. In mathematics, 
classes of functions, l/I n, are studied which have the property that 
any suitable function, '11, can be expressed as a linear superposi
tion, 

(a) 

of these functions. In particular, any quantum mechanical wave 
function for a physical system can be expressed as a superposition 
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of energy eigenstates for that system. (The energy eigenstates are 
those wave functions for the system which have an unambiguous 
value for the energy.) 

In this formula, the coefficients, an, are complex numbers 
which may be written as, 

(Each bn is of the form u + iv, where u2 + v2 = 1.) The numbers, 
bn, are called the phases of'l1 . The assumption of random phases 
means that we are not concerned with the values of the phases. We 
are only concerned with the entire class of wave functions ob
tained by varying the phases of 'It over all possible values. 

The physicist Van Hove describes the master equation as 
follows: "This equation, ... 

involves the probability distribution P n of the system over groups 
of eigenstates of the unperturbed hamiltonian H and expresses its 
irreversible time evolution under the action of the perturbation. It 
holds only to lowest order in the perturbation. ,,92 The equation 
describes how a class of wave functions with random phases 
changes with time, starting with the description of this class at 
some initial time. 

Now, suppose that 'l1 represents the body of some living organ
ism. This means that 'l1 (cit , ... ,Cln ) must be concentrated narrow
ly about the very specific configurations of atomic coordinates 
(the Clk's) corresponding to the highly intricate cellular structures 
making up the body of the organism. What happens, then, if we 
randomly change the phases of 'l1? The answer is that even small 
changes will completely wipe out any connection between 'l1 and 
anything resembling a living organism. As a result, no class of 'l1 's 
with random phases can tell us anything about living organisms. 

In fact, the master equation was originally intended to de
scribe such things as uniform gases, liquids, or solids in which no 
specific highly complex structures are considered. In Van Hove's 
derivation, the eigenstates, l/J n, do not express any relation what
soever between the different coordinates of the system.93 There
fore, they do not individually describe molecular structures of 
even the simplest variety. It follows that 'l1, as a linear super
position of these states, can only single out such structures if its 
phases are very carefully adjusted. 
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and the cp's are the energy eigenstates of the target atoms. 
34. If we add one gram of hydrogen gas to the system we will need some 
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2 0 planes. 

35. The planes which do not correspond to straight lines will not be very 
probable because, as shown in figure 19, the alpha waves tend to form 
narrow beams which travel in a straight line. This is because their wave
length is small compared with the effective size of the "target atoms." 
The wave length is inversely related with the energy of the "alpha 
particle" - E = h/"A.. If the wave length of the alpha particle were longer, 
then the waves would tend to spread out, and planes representing many 
highly curved trails of exited atoms would be probable. This would corre
spond to the wave function of a lower energy particle. 

36. Here is a more precise analysis of the wave function. Write this function 
as, 

1/1 ~ F k (R,t) Xk (Q,t), 
k 

where the Xk's represent histories of the behavior of the apparatus and 
observer. Take {Xk } to be a complete orthonormal set and suppose, in 
accordance witli our assumptions, that each Xk satisfies the Schrodinger 
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equation for the system of observer plus apparatus (omitting the alpha 
particle.) Let Fk(R,t) (k = 1,2,3, ... ) be the alpha particle wave func
tions. Start at t = 0 with 1/10 = F 0 Xo, representing un-ionized target 
atoms and no observation of a track. The Schrodinger equation becomes: 

where V is the potential of interaction between the alpha particle and the 
target atoms. 

As time passes, Xo (Q,t) should represent events in the absence of an 
"atomic decay." But, due to the term, (V Xk,Xn), the alpha waves con
tinually give weight to histories, Xk(Q,t), differing from Xo (Q,t) by the 
presence of ionized target atoms at time, t. These histories then develop 
differently from Xo (Q,t) due to the chain of events leading from the 
formation of the ion trail, to the perception of the fog droplets, and so 
forth. 

Thus, the wave function comes to simultaneously represent many 
different histories of events with nearly equal likelihood. 
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tern of phosphorescence on a screen which is produced by a certain 
apparatus. It is theoretically explained in terms of atoms. 

40. See Einstein, Podolsky and Rosen, and also Thomsen, "Is Modern 
Physics for Real?" 

41. For a discussion of this see Bohm, Quantum Theory, p. 614. 
42. The electrons' wave function can be expressed as, 

1/1 = y'V; [(-+)x - (+-)x] = ..;v; [(+-)z - (-+)z]-

Here, (-+)x designates the wave function in which the first electron will 
definitely deflect in the minus x direction, and the second electron will 
deflect in the plus x direction. The other terms have an analogous mean
ing. If the observers measure deflection in the x direction, then 1/1 breaks 
down into (-+)x or (+-)x' If he measures deflection in the z direction 

94 



then Vi breaks down into (-+)z or (+-)z. However, if Vi is first broken 
down into (-+)x or (+-)x and then the observers measure deflection in 
the z direction, the result turns out to be (++)z, (+- )z, (-- )z, or (-+)z, 
which is not the same. 

43. 
44. 

45. 

Dewitt, "Quantum Mechanics and Reality," p. 32. 
See, for example, Bohm, "On Bohr's Views Concerning the Quantum 
Theory." 
This is described in 
also pointed out 
MeJ30bjekts. " 

the discussion of figure 21 in the last section. It is 
in Renniger, "Messungen ohne Storung des 

46. Some scientists such as G. Ludwig have proposed that quantum 
mechanics is not valid for macroscopic systems. See Wigner, "Episto
mological Perspective on Quantum Theory," p. 379. 

47. Bohm, Causality and Chance in Modern Physics, pp. 91-94. 
48. Heisenberg, "The Representation of Nature in Contemporary Physics," 

p.l07. 
49. Bohr, Atomic Physics and Human Knowledge, p. II. 
50. Bohr, pp. 9-11. 
51. Dewitt, "Quantum Physics and Reality." 
52. Putnam, "Is Logic Empirical?" 
53. Dirac, "The Evolution of the Physicist's Picture of Nature," p. 52. 
54. von Neumann, Mathematical Foundations of Quantum Mechanics, 

chap. VI. 
55. von Neumann, p. 420. 
56. See Wigner, "Remarks on the Mind-Body Question." 
57. Wigner, "Physics and the Explanation of Life," p. 44. 
58. This also applies to the Born interpretation, in which 1 Vi(Q) 12 dQ is taken 

~ the probability of finding the particle coordinates in the arrangement, 
Q. This probability arises in practice in a situation in which the reduction 
of the wave function singles out a particular coordinate arrangement-for 
example, in the observation of a scintillation screen. 

59. Gnedenko, Theory of Probability, p. 55. 
60. Fine, Theories of Probability. 
61. Fine, p. 248. 
62. Fine, p. 93. 
63. Monod, Chance and Necessity, p. 98. 
64. Messiah, Quantum Mechanics, vol. II, part 5. 
65. Some of these difficulties are discussed in Wigner, "Epistomological Per

spective on Quantum Theory," pp. 371-73. 
66. This equation was basically obtained from the electromagnetic theory of 

the 19th century by the application of the correspondence rules. (See 
figure 8 of section II.) This would tend to attribute greater reality to the 
mechanical model of that theory (figure 7) than to the wave model 
(figure 4). Originally, the wave model was accepted as "real," whereas 
the radiation oscillators of the mechanical model appeared to be nothing 
more than rather arbitrary mathematical abstractions (Fourier coeffi
cients, in fact.) 
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67. It is possible to argue, using information theory, that simple systems of 
laws in fact do not possess this kind of selective power. This is discussed 
in Thompson, Demonstration by Information Theory that Life Cannot 
Arise from Matter. 

68. Wigner, "Epistomological Perspective on Quantum Theory," p. 374. 
69. Wigner, "Remarks on the Mind-Body Question," p. 290. 
70. Kervran, Biological Transmutations. 
71. Baranger, "Do Plants Effect the Transmutation of Elements?" 
72. Wigner, "The Probability of the Existence of a Self Reproducing Unit." 
7 3. These different states are taken to be orthonormal. 
74. Actually, Wigner allowed for the possibility that the living state plus 

environment would transform into an ambiguous superposition of states. 
He only required that each state in the superposition must contain at 
least two living states. 

75. Schrodinger himself is said to have been dissatisfied with the way 
quantum mechanics developed. He once protested to Bohr that, "If we 
are going to stick to this damned quantum jumping, then I regret that I 
ever had anything to do with quantum theory." (Heisenberg, "The Devel
opment of the Interpretation of the Quantum Theory," p. 52.) 

76. See, for example, Wigner, "On Hidden Variables and Quantum Mechani-
cal Probabilities." 

77. Bohm, Causality and Chance in Modern Physics, p. 133. 
78. Jones, "Recursive Undecidability-An Exposition." 
79. Bohm, p. 131. 
80. Turing, "Computing Machinery and Intelligence." 
81. See The Encyclopedia of Philosophy, vol. 5, p. 343. 
82. Wigner, "Physics and the Explanation of Life," p. 44. 
83. A. C. Bhaktivedanta Swami Prabhupada, Bhagavad-gita As It Is. 
84. See Daneri, Loinger and Prosperi, "Further Remarks on the Relations 

Between Statistical Mechanics and Quantum Theory of Measurement," 
and "Quantum Theory of Measurement and Ergodicity Conditions." A 
summary of this theory is presented in Rosenfeld, "The Measuring 
Process in Quantum Mechanics." 

85. Daneri, Loinger and Prosperi, "Further Remarks ... ", p. 127. 
86. Some of these are: 

Jauch, Wigner and Yanase, "Some Comments Concerning Measurement 
in Quantum Mechanics," 

Freundlich, "Mind, Matter, and Physicists," 
Zeh, "On the Interpretation of Measurement in Quantum Theory." 

87. von Neumann, Mathematical Foundations of Quantum Mechanics, 
chap. IV. 

88. They deal with an experiment involving a brief interaction between an 
atomic system and a macroscopic apparatus. After the interaction, the 
systems are uncoupled and in the state, 
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The mathematical essence of their argument is that, 

on the average over the time, t, and over the components of the "cells" 
into which they divide the macroscopic system. 

89. This is discussed in Freundlich, "Mind, Matter, and Physicists." 
90. Rosenfeld, "The Measuring Process in Quantum Mechanics." 
91. See, for example, Fox, "A Non-Equilibrium Thermodynamical Analysis 

of the Origin of Life. " 
92. Van Hove, "The Approach to Equilibrium in Quantum Statistics," 

p.441. 
93. This is because " ... H is assumed to give an essentially complete separa

tion of variables." (Van Hove, p. 443.) 
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