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The Copenhagen interpretation (CI) never received an authoritative codification. 
It was a "minimum semantics" of quantum mechanics. We assume that it 
expresses a theory identical with the Transactional Interpretation (TI) when the 
observer is included into the system described by the theory. A theory consists 
of a mathematical structure with a physical semantics. Now, CI rests on an 
implicit description of the modes of time which is also presupposed by the 
Second Law of Thermodynamics. Essential is the futuric meaning of probability 
as a prediction of a relative frequency. CI can be shown to be fully consistent 
on this basis. The TI and CI can be translated into each other by a simple 
"dictionary." The TI describes all events as CI describes past events; CI calls 
future events possibilities, which TI treats like facts. All predictions of both 
interpretations agree; we suppose the difference to be linguistic. 

1. I N T R O D U C T I O N  

We were invi ted to the Loyola Conference  with the request  to comment  
u p o n  the C o p e n h a g e n  In terpre ta t ion  (CI) of  q u a n t u m  theory as compared  

with the Transac t iona l  In te rpre ta t ion  (TI) proposed by Cramer  (1986). This 

invi ta t ion reached us at a propi t ious  moment .  We were just  prepar ing  a 

presenta t ion  of CI  as compared  with two other recent interpretat ions,  which 
we had had a chance of  discussing orally with the authors:  Q u a n t u m  theory 
as a universal  physical theory by Deutsch (1985), discussed with the author  
by C.F.W. in Aust in  in 1982, and  the "Perspect ive In te rpre ta t ion"  by Kochen  

(1985), discussed with the authors  in Joensuu  in 1985 and  Pr inceton in 

1986; on Kochen  see G6rn i tz  and  Weizs/icker (1987a). The Loyola invi ta t ion 
drew our a t ten t ion  to Cramer ' s  TI as a third recent proposal .  We decided 
to publ ish  a paper  on the four  in terpreta t ions  (CI and  the three recent ones) 

in their mutua l  re la t ionship  (G6rni tz  and  Weizs~cker, 1987b). 
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In the present paper we had intended to cover three topics: (1) a brief 
recapitulation of G/Arnitz and Weizs~icker (1987b) on the four interpreta- 
tions, (2) a more detailed presentation of our methodological position with 
respect to CI, considering the criticism as formulated by Cramer, and (3) an 
analysis of Cramer's own interpretation. The first topic is treated in Section 
2; the second, at least in part, in Sections 3-5. The principles of our intended 
analysis of the final topic are briefly described in Section 6. 

2. QUANTUM INTERPRETATIONS 

In our view CI is self-consistent. Its supposed inconsistencies are 
produced by misunderstandings of its meaning~ These misunderstandings 
can, however, be explained by two shortcomings of CI: 

1. There is no authoritative codification of CI and under the conditions 
of its origin there probably could not be one. The problem of understanding 
quantum theory has forced physicists into considering the most profound 
philosophical questions, for which neither modern physics nor traditional 
philosophy (including the modern "philosophy of science") were prepared. 
All prominent authors of  the time who wrote on these questions, such as 
Bohr, Heisenberg, Pauli, and yon Neumann on one side, Einstein and 
Schr/bdinger on the other, fell, we feel, into some stammering when they 
tried to express their own positions. In our view, Bohr gave the most 
profound analysis of these problems, but probably for that very reason he 
was least understood. His complicated way of expression tried to avoid all 
possible misunderstandings, and precisely for that reason he lacks the 
simplicity that is a precondition for being understood. One of us (C.F.W.) 
shall try at the Joensuu Conference 1987 to analyze Heisenberg's way of 
presenting these problems. It seems that all the authors of CI understood 
each other fairly well (R. Peierls at Joensuu in 1985: "The Copenhagen 
Interpretation is quantum theory") because they had the same experience 
in using their terminology as a guiding tool in the actual application of 
quantum theory, but they were unable to express this experience clearly 
enough to convey it to those who did not share its nonverbal presuppositions. 
Einstein's genius, precisely by not sharing these presuppositions, con- 
tributed most to clarifying what were actually the difficulties of mutual 
understanding. EPR, Bell's theorem, and Aspect's experimental results 
have-- to  use modern language--decided "for  quantum theory and against 
locality". Yet CI seems not yet to have been reformulated to account for 
this confirmation of its original intention. 

2. CI does indeed not present quantum theory as a universal theory: 
it presupposes an observer, but does not describe him. We believe that this 
is an actual shortcoming of CI, but an unnecessary one. Quantum theory, 
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according to CI, is a theory on knowledge. We believe that just therefore it 
deserves the name of  a realistic theory. Knowledge means to know some- 
thing. Quantum theory is a theory on what human beings can know about 
nature in time. This is technically expressed by explicitly referring to the 
"observer," to him who knows. If quantum theory as we now interpret it, 
following its own abstract structure and the trend of modern biology, tends 
to think of  a description of the observer himself as an object of quantum 
theory, this means no more than its being, too, a theory of knowledge about 
knowledge in time. 

It is a common feature of the three recent interpretations explicitly or 
tacitly to presuppose that quantum theory must describe the observer as 
well as any other part of  the world. We fully agree with this assumption. 
We believe, however, that it can be easily reconciled with the central idea 
of CI, and'that it even serves to elucidate the somewhat obscure role of the 
observer in many presentations of the Copenhagen view. In this sense we 
consider the recent interpretations not as alternatives, but as different 

./ 
expressions for one single step of amplifying CI by introducing the observer 
into the realm of quantum objects. 

Without this proposal, the present interpretational debate must indeed 
offer a very strange image of quantum theory. Here are four interpretations, 
each of which maintains that it correctly describes precisely the same 
mathematical structure, namely quantum theory in Hilbert space, predicting 
exactly the same experimental results. [One apparent difference in prediction 
as proposed by Deutsch is discussed and removed in G/Srnitz and Weizs/icker 
(1987b), Section 7.] The only natural methodological reaction to such an 
image is, we feel, the suspicion that all four interpretations are no more 
than four different verbal expressions of exactly the same theory. Then it 
would be necessary to find a fourfold dictionary by which to translate the 
four languages into each other. This is what we actually propose to do in 
G6rnitz and Weizs~icker (1987b). 

We believe that the original intention of CI was to offer a minimum 
semantics to the formalism of quantum mechanics. What we mean here by 
"semantics" is explained in Section 3. In Section 4 we describe in detail 
the most important implicit presupposition of this minimum semantics, 
which, in our view, consists in the everyday understanding of time. Both 
problems are treated briefly in G6rnitz and Weizs5cker (1987b); we hope 
that the more explicit description in the present paper may offer some 
further help for understanding the methodological situation. In G6rnitz and 
Weizsiicker (1987b) we started out by a brief but systematic exposition of 
CI itself. Section 5 of the present paper may be read as a more historical 
comment on CI written as a plaidoyer for it against the accusation of 
inconsistency. Section 6 will offer the rudiments of the proposed dictionary. 



240 G6rnitz and Weizs~icker 

3. WHAT IS A THEOR Y?  WHAT IS AN INTERPRETATION? 

We begin by three theses: 

A. In physics, the term "theory"  means a mathematical structure 
together with a physical (preferably empirical) semantics. 

B. "Interpreta t ion" is an ambiguous term. It may mean semantics, 
thus designating an integrating part  of  the theory, or it may mean 
an amplification, i.e., a set of  statements added to the theory. 

C. The dividing line between semantics and amplification is difficult 
to draw. 

As a simple illustration we use an example introduced by Cramer (1986, 
p. 651), Newton's  second law. Cramer writes it 

F = m a  (1) 

In this form it is only a sequence of signs. It receives a mathematical meaning 
("mathematical  semantics") by the additional statements: 

a = d 2 x / d t  2 (2) 

F = F ( x ,  t) (3) 

m = const > 0 (4) 

These three equations become more than mere sequences of signs if we 
permit ourselves to use our previous knowledge of mathematical  symbols. 
More explicitly, we say: Let " x "  and " t "  be real variables, x a function of 
t; then " a "  means the second derivative of  this function, " F "  a given real 
function of x and t, " m "  a positive real constant. Then (1) is a differential 
equation, and each given function F(x, t) defines a set of  solutions (1). The 
set of  all sets of  solutions defined by all possible F(x, t) is the complete 
mathematical  structure symbolized by equation (1). 

This mathematical  structure becomes a theory of  physics by the physical 
semantics, which may be expressed in the verbal statements (definitions): 

t is the time 
x is the position of a body or mass-point 
F is the force acting on the body 
m is the mass of  the body. 

These statements define the physical meaning of the mathematical quantities 
t, x, F, m by means of words which are available in the English vernacular: 
time, body, force, etc. But are we sure what these words mean? Every 
student of  the empirical foundations of  classical mechanics becomes aware 
of  the difficulty of  defining them unambiguously. Newton, in introducing 
his theory, had to make use of  the scientific language existing before the 
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theory. Thus, where we say "mass ,"  he said "quanti ty of  matter".  But how 
to measure this quantity otherwise than by comparing solutions of  equation 
(1) with observed paths of  moving bodies? Furthermore, in the Aristotelian 
physics prevailing before Galileo, one would have considered a force the 
cause of motion, hence expected force rather to be proportional to velocity 
than to acceleration; the law of inertia was needed to slowly produce a new 
use of the word "force."  Thus, the theory is needed to make its own defining 
terms precise. Einstein said (cf. Heisenberg, 1969, Chapter  5): "only the 
theory tells us what can be observed." 

We propose to call a theory "semantically consistent" if, or rather, to 
the degree to which, its semantics is expressible in terms to which the theory 
itself can be consistently applied. Then the enterprise of  making the seman- 
tics of  a new theory consistent may be called its interpretation. In th i s - -and  
only in this--sense was the Copenhagen Interpretation of quantum 
mechanics intended to work. It at tempted to provide a minimum semantics 
to Heisenberg's  and Schr6dinger's formalisms without which they would 
not yet have been consistent theories. 

However,  a perfectly semantically consistent theory has probably never 
existed so far in physics. Thus, in classical mechanics: What is "posi t ion"?  
What is " t ime"?  How to measure them unambiguously? Newton had to 
invent the unempirical  concepts of  absolute space and time in order to fix 
his concepts. Mach criticized them, relativity was the consequence. Yet is 
General Relativity today understood as being semantically consistent? Bohr 
was fully aware of  this problem. "That  you can clean dirty glasses with 
dirty water and a dirty cloth: if you were to tell that to a philosopher, he 
would not believe it." 

Relativity was not just a semantics of  classical mechanics, but an 
amplification; yet just thereby it served to clarify the meaning of the basic 
concepts of  mechanics. Thus, semantics and amplification are difficult to 
separate, and they hide under the common umbrella of  being ~ 
tions." For this reason it has not been possible to give an authoritative text 
on the Copenhagen  Interpretation. As a semantics it is still open-ended, 
and it can be improved both by further analysis and by amplification. 

4. T IME 

If you do not ask me what is time, 
I know it; when you ask me, 
I cannot tell it. 

St. Augustine 

We consider time as the pivotal concept on which the apparent  
difference between the Copenhagen and the transactional interpretations 
hinges. In CI this concept is used in its commonsense meaning, mostly 
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without a further analysis of this meaning; such an analysis has, however, 
been given by Weizs/icker (1971, 1985). In this use of time, the qualitative 
difference between present, past, and future turns out to be essential. TI, 
on the other hand; takes its point of departure from the time-symmetrical 
electrodynamics of Wheeler and Feynman (1945). We will consider the 
Copenhagen use of the time concept as a simple empirical semantics of 
quantum theory, while the transactional use seems to be an additional 
mathematical analysis of the theory. 

Empirical semantics is supposed to provide the concepts of a theory 
with a recognizable meaning within the field of experience. What, then, is 
experience? We may define experience as learning from the past for the 
future; in a more learned language: as finding laws from an analysis of past 
events, which can be used and tested by predicting future events. Experience 
is possible, because the past can in principle be known, partly as being 
retained in our memory, partly as being deducible from documents of past 
events: man-made documents like protocols, and nature-made documents 
like fossils, incoming light from stars, etc. We always presuppose the past 
to consist of objective facts which exist independent of our knowing them. 
We shall therefore call the past factual. The future, on the other hand, is 
not known to us until it has happened; physicists possess no factual aware- 
ness and no document of  the future. But laws of  nature, deduced from an 
analysis of  facts of the past, permit us to make predictions on the future 
which can be tested by waiting until the predicted event is no longer a 
future event, but belongs to the present or to the past. We call events of 
the future possible, as long as they have not either happened or not happened. 
It is by no means evident that future events are objective facts (or are 
predetermined) before they have happened. Determinism in the sense of 
either a necessity or a factuality of future events is a metaphysical hypothesis 
whose value does not need to be judged if we want to give no more than 
an empirical semantics of  a theory in physics, i.e., of  what we mean when 
we say that the theory refers to experience. 

This fairly complicated structure of  the so-called modes of time (pres- 
ent, past, future) is effortlessly respected in the correct use of any Indo- 
European language, e.g., English. We say "I  have observed," "I  see here," 
"I  expect to happen," etc. Just because of this easy handling, physicists in 
general are not at all aware of the time-semantical implications of the 
linguistic semantics in their theories. When they get a glimpse of these 
implications, they generally describe them by a rather nebulous metaphor 
like "the arrow of time." The problem alluded to in this metaphor arises 
from the fact that all basic theories of physics are "reversible" (a term 
which, itself, needs a more precise definition). Hence the irreversible 
difference between factual past and possible future does not seem to be 
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deducible from the laws of physics; furthermore, as Einstein (cf. Popper, 
1974; Carnap, 1963) remarked and Griinbaum (1967) emphasized, the laws 
of physics offer no way of qualitatively distinguishing the present (the 
"now")  from any other moment of time. 

In our view this is not an insoluble problem. It is a problem created 
by a high-strung wish for semantical consistency. On the one hand, our 
simple reflection on the everyday meaning of  "experience" ought to have 
taught us that no empirical meaning can be attributed to any concept of 
physics unless we are already pragmatically able to use terms like "past ,"  
"present," "future"  like "fact"  and "possibility"; in this sense we all know 
"what we mean by time." But when asked, we cannot tell. If we accept 
time as a basic concept, this inability should not embarrass us; a concept 
which admits an explicit definition is not a basic concept. But some of  those 
physicists and philosophers who call themselves "realists" consider such 
phenomena like our awareness of time as only "subjective"; they search 
far an "objective" description of  time. This means that they will not accept 
"subjective phenomena" as basic for physics at allo Now it cannot be denied 
that a really existing state of  mind of a human being is itself an objective 
fact. But "realists" would want to begin by describing time as a structure 
in the "external world." This would mean that the subjective phenomena 
are to be explained rather than to be merely accepted. Thus, the modes of 
time would have to be deduced from the laws of physics as a consequence. 
This ambition tends to apply the laws of physics to those phenomena, too, 
which were presupposed by the language in which we express these very 
laws of physics: it aims at full semantical consistency. From the Copenhagen 
view, as we try to understand it, this is a perfectly acceptable ambition, 
provided there is a chance of fulfilling it. 

In an early paper (Weizs~icker, 1939) which has escaped the notice of 
most physicists, this problem was treated in view not yet of quantum theory, 
but of the Second Law of Thermodynamics. The equations of mechanics 
are reversible. Strictly speaking, this means, by the way, that they are 
invariant not under "time reversal," but under reversal of motion. In the 
example of  free motion of  a mass point: its state in the phase space is 
defined by the six real variables xi, Pi ( i = 1 , 2 , 3 ;  x=pos i t ion ,  p =  
momentum). Let a possible path of the mass be xi(t), pi(t). Then xl(t) = 
xi(- t) ,  p~(t)=p~(- t) (time reversal) is not a solution of  the equation of 
motion (1), as above defined, but x~(t)=x~(-t), pl(t)=-p~(-t)  (motion 
reversal) is. In any fully deterministic theory the state at any time must 
uniquely determine the state at all other times, which is possible, e.g., for 
t = 0, if xl(0)=x~(0), p l (0)=-p~(0) ,  but not for the time-reversal case. 
Abstractly speaking: in a deterministic theory, the reversal of any possible 
time sequence of a variable x ' ( t ) =  x ( -  t) implies the change of sign of  its 
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time derivative d x ' ( t ) / d t  = - d ( x ( t ) ) / d t ;  hence the need for a second-order 
differential equation of motion. We shall use this slightly pedantic ter- 
minology also in the case of  quantum theory. 

Now the seeming paradox of the Second Law is: How can the irrevers- 
ible increase of  entropy be a consequence of the reversible laws of 
mechanics? For a full analysis we must refer to Weizs~icker (1939) paper, 
reprinted in Weizs~icker (1971), and to the further discussion in Drieschner 
(1970, 1979) and Weizs~cker (1985, Chapters 2-4). But we might condense 
the answer to the paradox into five sentences: 

1. Entropy is a measure of  probability. 
2. Probability in its empirical use means the prediction of a relative 

frequency. 
3. Prediction refers to the future. 
4. Hence the asymmetry between past and future in the Second Law 

is not a consequence of the mathematical  structure of  the equations 
of  motions, but of  their semantical presuppositions, i.e., of  their 
empirical meaning. 

5. Thus, the asymmetry of  time is not only "subjective," but it is an 
objective structure of  nature. 

The argument then runs simply as follows: I f  a state of nonmaximal  
a priori probabili ty exists at a time to, then the most probable possible 
events will happen in the average: the a priori probabili ty (entropy) of  later 
states will in the average be larger than at the time to. The same argument 
does not apply to states earlier than to, because they are already facts, and 
the a priori probability of  any special fact is small. Since every past moment  
of  time t_ was once present, at that time t_ the same argument applied to 
all times t > t_ (which then were still in the future). Hence, the increase of  
entropy must have happened in all past times, as far as the phenomenal  
structure of  time existed then. 

To a limited degree there is a test of  semantical consistency for this 
description of objective time. The facts of  the past can, as we said, be known 
by documents (we include the engrams of our memory under this concept 
of a document).  Why are there documents of  the past, but not of  the future? 
This question can now be answered by applying the Second Law (semantical 
consistency). A document  is an improbable fact. According to the Second 
Law, it must have been preceded by even less probable facts; these are the 
events of  which we take it to be a document. But it will be followed by 
more probable events, i.e., by events carrying less information. Thus, a 
mammoth  tooth found in the tundra is a document  of  a whole extinct 
species of  elephants; but it predicts nothing more than its own slow disso- 
lution under atmospheric influences. 
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But this proof  of consistency is not fully symmetrical. The phenomeno- 
logical structure of time is (together with the equation of mechanics) 
sufficient for deducing the Second Law. But the Second Law is not sufficient 
for deducing the full phenomenological structure of time. It explains why 
the past can be better known than the future. But it does not explain what 
we mean by "now." It proves no more than a time order (which in the 
present language of physicists is generally called "causality"); it does not 
explain the most elementary phenomenon of the "flux of time." Further- 
more, all physicists (including the present authors) would hesitate to state 
the Second Law as a fundamental law of nature which would need no 
further explanation. Cramer (1983) gives a good example how in his view 
of quantum theory the "arrow of time" (carefully defined by him) can be 
deduced from a cosmological model. 

We submit a simple answer to Einstein's question why the "now" 
cannot be deduced from the laws of physics. Being laws, they are, logically 
seen, universal propositions, applying at any time. Hence they cannot 
express characteristics of a special moment of time which is even constantly 
changing. The meaning of the "now" belongs to the previous semantical 
material without which even the concept of a proposition "valid at any 
time" would be void of meaning. Thus, it seems that physics by its very 
conceptual structure is unable to explain all the phenomena which it 
presupposes. Yet the quest for semantical consistency is a noble enterprise 
and crowned by partial sucess. 

5. THE COPENHAGEN INTERPRETATION 

Quantum theory is a theory of knowledge, 
i.e., it is a realistic theory. 

We apologize for going on so long on pre-quantum problems. But 
classical statistical mechanics is just conceptually simple enough to serve 
as an example in which we can demonstrate how we want to use such terms 
as "interpretation" and "semantics." While our description of phenomenal 
time has not been explicitly developed by any earlier member of the 
Copenhagen school, we feel that we have been inspired in it by the lesson 
we all learned from Niels Bohr. He always insisted on never using mathe- 
matical concepts or linguistic phrases in physics without the deepest possible 
scrutiny of their pragmatic meaning in actual experience. This attitude is 
very far from "positivism" in the prejorative (and, frankly said, stupid) 
sense of "what cannot be observed, does not exist" or, even worse, "what 
has not been observed, does not exist." We consider the Copenhagen 
Interpretation as the attempt at giving that minimal semantics to the formal- 
ism of quantum mechanics without which one would not know how to 
apply that formalism to reality at all. 
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In the present section we follow Cramer's (1986) critical exposition of 
CI in order to show that the criticism only applies to a non-Bohrian, though 
widespread misunderstanding of CI. 

Cramer (1986, pp. 649-650) distinguishes five elements in CI: 

(C-I) The uncertainty principle of Heisenberg (1927). 
(C-2) The statistical interpretation of Born (1926). 
(C-3) The complementarity concept of Bohr (1928). 
(C-4) Identification of the state vector with "knowledge" by Heisen- 

berg [we guess: already Heisenberg (1927)]. 
(C-5) The positivism of Heisenberg [we guess: only in Heisenberg 

(1925)]. 

He thinks "that elements (C-l) and (C-2) fulfil the function of relating 
the formalism to experiment, while elements (C-3) through (C-5) perform 
the function of avoiding paradoxes" (p. 651). We do not object to this 
enumeration and to the distinction of the five elements into two classes. 

The statistical interpretation (C-2) is the basic assumption of the 
"minimum semantics" CI. From Jammer (1974) we can learn that Born's 
original interpretation of his probability law (p = qJ~0*) was not yet correct, 
insofar as he then thought that orbits of the particles exist, but are walked 
through at random. Bohr and Heisenberg were aware of this inconsistency. 
Thus (C-l), Heisenberg's uncertainty principle, was the first consistent 
application of the statistical law. The orbits do not exist at all. 

The correct interpretation of the uncertainty principle is indispensable 
for understanding CI. It is, to begin with the simplest mistake, necessary 
and sufficient for eliminating the idea (C-5) that Heisenberg was a "positiv- 
ist." It is true that in 1925 he was still deeply impressed by the most intelligent 
of all positivists, who also profoundly influenced Einstein in his youth, 
Ernst Mach. He introduced quantum mechanics under the methodological 
postulate of connecting only observable quantities. But already in 1926 
Einstein, in a most memorable conversation (Heisenberg, 1969, Chapter 5) 
convinced Heisenberg that only the theory decides what can be observed. 
In our present language this statement is contained in the postulate of 
semantical consistency. The methodological structure of the uncertainty 
principle was never its "positivistic" misunderstanding "position and 
momentum cannot be simultaneously observed, hence they do not simul- 
taneously exist." It is the contraposition: "In quantum mechanics (after 
J. v. Neumann we say: in Hilbert space) there are no states in which position 
and momentum have simultaneously precise values; hence in a Gedan- 
kenexperiment, described in conformity with quantum mechanics, they can- 
not possibly be observed s~multaneously." Heisenberg was aware of a 
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situation which we can describe more precisely today by EPR and the Bell 
inequalities: the reintroduction of classical orbits (or any "locality") into 
quantum mechanics would completely destroy its explanatory value, which 
is due to the enormous "surplus information" that distinguishes the quantum 
phase relations from any classical model. Not even the hydrogen atom 
would be stable without the quantum nonlocality. Heisenberg's reaction 
(orally) to the EPR paper in 1935 was: "Now, after all, Einstein has 
understood quantum mechanics. I am just sorry for him that he still does 
not like it." The term "uncertainty principle" is rather a misnomer ("Every- 
thing is uncertain--says Mr. Heisenberg"). Position and momentum must 
be "unbestimmt" (without fixed values) in order to give room for the 
immense certainty provided by the phase relations. 

We shall not extensively discuss here (C-3), i.e., Bohr's philosophy of 
complementarity. It is an attempt "to tell wl'-at we can meaningfully say," 
an exercise in epistemological caution. We concentrate on (C-4), more 
specifically on the meanings of the two key words "knowledge" and 
"reality." 

"I  know that the sun is presently shining": this phrase contains two 
statements: "the sun is presently shining" and "I  know this fact." In general 
we omit the explicit statement on knowledge and the explicit reference to 
the present; we say "the sun is shining." The intention of such a phrase is 
to express and thereby to convey knowledge. For a statement to express 
knowledge it is necessary that it be true; we may define truth here as 
adequation to reality. Truth, yet, is not sufficient. A statement may express 
a true opinion without actual knowledge. An example used by Plato in the 
"Theaitetos" is the case that I say "this defendant is not guilty" if I do not 
know the facts, but have been convinced by a shrewd advocate; convinced 
of objective truth by false or insufficient arguments. In this strong sense of 
"knowledge" the knowledge of  an observed expresses a tested reality, and we 
are permitted to say that quantum theory is realistic because it is a theory 
of knowledge. 

The problem only arises when we ask what kind of knowledge quantum 
theory permits. Here the statistical interpretation is constitutive. The state 
vector (SV) yields only statistical predictions. We try first to eliminate two 
strange difficulties experienced by Cramer (1986, p. 652). First: "The notion 
that the solution of a simple second order partial eq u a t i o n . . ,  is somehow 
the mathematical reproduction of 'knowledge" seems "curious and provoca- 
tive" to him, since it presupposes "a conscious and intelligent" observer. 
We feel, however, that observation presupposes some consciousness, and 
meaningful observation presupposes some level of intellect; while, on the 
other hand, the full ~b-function is a list of mathematical consequences of 
the simple knowledge gained in an observation, consequences which are 
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true even if the observer is not aware of  them. Second: The observer behaves 
irreversibly, e.g., by storing the result in his memory. "Somehow the 
thermodynamic irreversibility of the macroscopic observer is intruding into 
the description of a fully reversible microscopic process." True, into the 
description, because describing is always an irreversible act, but not into 
the process so described. 

In this context it is most important to remember  that Bohr explicitly 
excluded the observer or "consciousness" from the realm of those objects 
that are described by quantum theory. Without consciousness, no observa- 
tion, hence no knowledge, hence no physics; in this sense the observer is 
a prerequisite of  the meaning of statements. But Bohr did not believe that 
quantum theory would apply to the description of observers or of conscious- 
ness (as distinct from "by"  observers); he was even skeptical about its 
application to organic life. We consider this as too strict a limitation for 
the field of  quantum description. But Bohr's language cannot be understood 
unless we first learn to make the simple and strict epistemological, i.e., 
methodological distinction between the knower and the known. Only then 
can we ask the later question of whether and how the knower himself might 
become an object of physics, i.e., of  his own objective knowledge. 

The real problem is, as we said, the statistical nature of  the knowledge. 
Here our analysis of  phenomenal  time may contribute to clarification. What 
the observer actually observes and hence knows is a present or past state 
of  the object. Facts are real and unchangeable; in this sense, empirical 
knowledge refers to reality. But facts are known to us only as present or, 
by memory or implication, as past. Quantum theory in the Copenhagen 
Interpretation is realistic precisely in not maintaining to know what does 
not yet exist, i.e., the future. 

6. THE TRANSACTIONAL INTERPRETATION 

The purpose of TI  seems to be the elimination of the modes of time. 
As we said in Section 2, our methodological suspicion is that TI  and CI 
[the latter including a description of the observer as given in G/Srnitz and 
Weizs/icker (1987b)], since they refer to the same mathematical structure 
with the same empirical use, are no more than two different linguistic 
expressions of one identical theory. This suspicion can be tested if we can 
offer the dictionary for translating them into each other. The dictionary can 
be written in any one of the two languages, expressing in it what the other 
language says. It is very simple: 

TI as described in CI: "TI  describes all events as though they were in 
the past." 
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CI as described in TI: "What  CI calls possibilities in the future are 
unknown, but fixed facts." 

Mathematically, TI  replaces the proceeding ("retarded")  wave from 
an emitter toward unknown future absorption acts by a "four-dimensional  
action at a distance" or rather "action at a four-dimensional distance." The 
"objective" wave or state vector is determined only if the space-time loca- 
tions of  emitter and absorber are completely known; of all absorbers, and, 
symmetrically, of  all emitters, too, but the simple examples speak of one 
emitter and one absorber. The "objective" wave is then the superposition 
of an infinite number  of  " re tarded"  waves running from emitter to absorber 
and of "advanced"  waves "running backward in t ime" from absorber to 
emitter. The basic intention is a new explanation of the so-called "collapse 
of  the wave-function by observation." In the temporal  CI description the 
wave function is the list of  possible probabilistic predictions following from 
the observer 's  knowledge on events that have actually happened in his past, 
as presently known by him. Its reduction (or "collapse")  is the trivial fact 
that new events create new knowledge and permit new predictions. In the 
TI description the retarded wave starting from the emitter is what an observer 
who has seen the emitter can predict before he knows the absorber; the 
"objective" wave is a description which can be given by an observer who 
knows the absorption act as well. The reduction of the wave function is the 
logical transition from the original retarded wave to the "objective" wave. 

It seems evident that this mathematical  structure permits the transition 
between both interpretations by our dictionary. CI  will say: The "objective" 
wave can only be known after the absorption has happened;  it is then a 
description of a past sequence of emission and absorption events. TI will 
say: The "future"  absorption is in the "objective" space-time continuum a 
fact, true even at a "subjective t ime" of the observer at which he cannot 
yet know it; in this sense the state vector as determined by emitter and 
absorber exists "objectively" even when it is not so known. 

As long as the two interpretations do not predict different experimental 
results, there is no way of  empirically deciding between them and hence 
no way of empirically giving their difference another meaning than just as 
the use of  different languages for the same thing. More difficult is the 
philosophical question of  whether there is an advantage of clarity or of 
possible connections with an understanding of reality beyond present-day 
physics. Here we plead, provisionally at least, for continuing in everyday 
language, as used by experimentalists and the "man  in the street," i.e., for 
CI. This is not only a pragmatic attitude. Our methodological reason was 
given at the end of Section 4: A description of  time by a mere real coordinate 
t cannot explain the basic phenomenon of the "now,"  while presupposing 
the now as a basic fact of  reality, we can describe all the rest so far 
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consistently. The situation would be changed if the facticity of future events 
might become present knowledge, as some prophets or clairvoyants main- 
tain. This would mean a changed empirical situation; it would force us to 
enter into the interpretation debate anew. 
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