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Abstract. W present three strong argunents agai nst the
ontic interpretation of quantum states. W then show
that the appropriate alternative is not a naive
epistemc interpretation, but view ng quantum states as
representing the avail abl e knowl edge about the
potentialities of a quantum system fromthe perspective
a of a particular point in space. Unlike ordinary

know edge, which requires a knower, avail able know edge
can be assuned to be present regardl ess of a knower. W
proceed to show that the objectivized aspect of

Wi tehead' s actual entities corresponds to the coll apse
of quantum states. Finally we point out that the
negation of the ontic interpretation of quantum states
need not |ead to a negation of Witehead's ontic
description of actual entities.



1. Argunents against the Ontic Interpretation of
Quant um st at es

| magi ne an el ectron noving towards a TV screen. \Were
will it hit? W don't know. W can, however, assign
probabilities to the potentialities of hitting at
different | ocations. These are given by the so-called
“wave function,” or “quantumstate.” Once it hits,
there is no longer a question of probability. The
guantum state “col |l apses” into the point of

| Npi ngenent .

How does the col |l apse occur? How does the el ectron
“choose” a place to hit the screen? This so-called
“measurenent problent is the great nystery at the heart
of quant um nechani cs.

The point of this paper is not to solve the neasurenent
problem Rather, it is to discuss, first, what quantum
states are and, second, find the correspondi ng concept
I n Whitehead's system and resol ve an apparent

di screpancy between Witehead' s system and the
under st andi ng of quant um st at es.

What are quantum states? It is natural to assune that
they are an ontic, that is, they describe how the
systemis. The alternative is an epistemc
interpretation that clainms that they describe not the
system but our know edge about it. The question of
which is right turns out to be nore subtle and

I nteresting than we expect. Let us begin by presenting



three different argunents agai nst the ontic
I nterpretation.



For the first argunent we have to go back sone eighty
years, to the Fifth Sol vey Conference of 1927. The
Conference is fanmous for what happened outside the
public lectures: The Einstein challenges to the
uncertainty Principle and Bohr's rebuttals. In one of
the public sessions, however, Einstein, tacitly
assum ng the ontic interpretation of the wave function,
poi nted out that the coll apse, which he assuned took
pl ace i nstantaneously, neans that the influence of the
appearance of an el enentary quantum events | eads to an
I nst ant aneous (faster than |ight) propagation of the
change in the value of the wave function everywhere on
t he hypersurface.

As on many ot her occasi ons, although Ei nstein began by
saying “l nust apol ogi ze for not having penetrating
quant um nechani cs deeply enough,”' his point was
penetrating enough to generate, decades l|later, a strong
objection to the ontic interpretation.

A second and different objection is that the ontic
interpretation is inconpatible with Einstein's
principle of Relativity'.

A third objection is to apply commpbn sense to
Schr 6édi nger's cat. According to the ontic
Interpretation the cat is in a state of superposition
of being alive and being dead in various proportions

t hat change as tine goes by. According to the epistemc
I nterpretation the superposition says nothing about the
cat, It speaks about us. It says that we don't know how



the cat is, and, indeed, we don't.



2. Argunents against the Epistemic Interpretation of
Quant um st at es

Shall we adopt, then, the epistemc interpretati on? Not
so fast. The epistemc interpretation is also

obj ecti onable. The objections have to do with the
apparent need for a knower. For exanple: Wat if the
knower is a physicist who had a martini before trying
to "know'? What if a person who knows just a little
physics learns of the result? Wat if he had a
martini ? Sonehow we feel that such questions are

i rrel evant.

3. Quantum States as Perspectives on avail abl e
Know edge

To avoid difficulties of this kind regarding the
epistem c interpretation, we can consider a quantum
state as representing not actual know edge (which
requires a knower), but the avail able or potenti al
know edge about a system

The main difference between being and knowl edge has to
do wth the question. "Were do changes take place?" In
the case of know edge there is no change anywhere,
excepting, possibly, at the place of the potenti al
knower. In particular, if there is know edge about
sonething this "sonething" is not affected at all.

Know edge refers to it; it does not change it.



For exanpl e: Suppose | wish to eat an orange and |

| earn that | can get one in a particular store. This
bit of know edge i nduces change here, in nme, not on the
orange | am about to buy or in the store. Only when the
know edge brings about action is there change in the
wor | d.

The full characterization of quantum states, or wave
functions, then, is this: quantum states represent the
avai | abl e knowl edge about the potentialities of a
guant um systens, know edge fromthe perspective of a
particular location in space. To void the use of such
a long expression we wll call it, sinply,
"perspectives on know edge."” It is inportant to bear

i n mnd, though, that

t he expression "perspectives on know edge" is a
shorthand for "the avail abl e knowl edge about the
potentialities of a quantum system know edge fromthe
perspective (of a particular |location in space.”

4. Actual Entities and the Coll apse of Quantum states

Does the acceptance of this version (or any version) of
the epistemc interpretation go agai nst Witehead' s
ontic descriptions, e. g., the description of actual
entities? Let approach this issue by discussing the
correspondence between actual entities and quantum
states.

Here is a brief sunmary of the characteristics of
actual entities.
(i) Actual entities are neither purely subjects nor



purely objects; they have both subjective and objective
characteristics.

(i1) They are short lived, flashing in and out of

exi stence in spacetine. The apparent existence of
enduring objects is due to the simlarity anong

coll ections of actual entities, which replace each

ot her in quick successions.

(ii1) Each actual entity is a nexus that can be

di stingui shed fromother actual entities in the nexus
of relationships to which it bel ongs.

(iv) An actual entity is the process of its own self-
creation. i.e., an actual entity is constituted by
process that |l eads to a nonentary appearance of an

obj ect.

(v) This self-creation involves accommodati ng and
integrating within itself (conprehending or
"prehending" in Witehead' s term nology) all the
previous actual entities as "settled facts" that cannot
be changed, and all anticipations of the future actual
entities. This process of self-creation involves a
sequence of phases, which are delineated and anal yzed
in detail in Witehead' s Magnum Qpus, Process and

Real ity.

An exanple: Listening to an orchestra playing a
synphony i nvol ves, at each nonent, accomobdating the
sounds produced by the orchestra. This acconmodati on
depends, in turn, on many coll ections of past actual
entities, such as previous know edge and training in
musi ¢, associations with the synphony, etc. Notice that
at each instant there is one experience.



This exanple is special, because it involves hunman
cognition. In general, this need not be the case. There
can be experiencing wthout cognition, e.g., driving
“on automatic pilot.”

(vi) The end product of the process is one new actual
entity, one “throb of experience’”. The fundanental
bui | di ng bl ocks of the universe are, then, events based
on such elenentary forns of experience. W |ive not in
“a universe of objects,” but in “an experiential

uni verse of events (or universe of experience-based
events?).” This is an enornously significant paradi gm
shift.

(vii) Subjectively, i.e., for itself, an actual entity
Is “a pul se of experience”. The end of the process of
self creation is called “the satisfaction of the actual
entity”. Although its subjective existence is

nonent ary, objectively, i.e., for other, future actual
entities, it is “a settled fact”: The fact that it did
happen cannot be erased. “The end of . . .[its] private

life-its 'perishing,'-is the beginning of its public
career.”

(viii) The process of self-creation of an actual entity
IS not a process intine; it is, rather, an atenporal
process |l eading to the nonentary appearance of the
conpl eted actual entity in spacetine. Quoting

Wi tehead: “[In the process of self-creation which is
an actual entity] the genetic passage from phase to



phase is not in physical tinme...the genetic process is
not the tenporal succession...Each phase in the genetic
process presupposes the entire quantum”"

Exanpl es of atenporal processes:

1. The creation of tinme in Plato's Tinmaeus cones after
many ot her acts of creation - all of these nust be
at enpor al .

2. The Platonic "participation" of the Forns in
sensi bl e things is another exanple of atenporal
processes.

3. Witehead' s thinking was Pl atonic, yet his precision
was a mat hematician's. Therefore his inclusion of
atenporal processes in his systemis significant.

How does the idea of an actual entity fit with quantum
mechanics (QW ?

As we know, QM is plagues with different
interpretations. If we take the Hei senberg' nmainstream
interpretation, then reality is constituted fromfields
of potentialities punctuated by "el enentary quantum
events." As we nentioned before, the process that |eads
to the creation of elenentary quantumevents is called
"the coll apse of the quantum state." It appears that
such col |l apse is the atenporal process that corresponds
to an actual entity, and the el enentary quantum event
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corresponds to what Witehead called “the satisfaction
of an actual entity”.

Wel |, these correspondences work, but only up to a
poi nt. To understand why, we have to turn Erw n
Schr 6di nger. When | recently discussed with Abner
Shinony the role of the great physicists as

phi | osophers, he said that Schrodinger is “in a class
by hinself.”

According to Schrddi nger, science, as it is practiced
now, is based on two principles. First, the belief that
nature i s conprehensi ble, and, second, the principle of
obj ecti vati on.

“By this [i.e., by “the principle of objectivation”) I
mean what is also frequently called the *‘hypothesis of
the real world around us. | maintain that it anounts
to a certain sinplification, which we adopt in order to
master the infinitely intricate problem of nature.

W t hout being aware of it and w thout being rigorously
systematic about it, we exclude the Subject of

Cogni zance fromthe domain of nature that we endeavor
to understand. W step with our own person back into
the part of an onl ooker who does not belong to the
wor |l d, which by this very procedure becones an

obj ective world.”

Schrodi nger's principle of objectivation corresponds to
Wi tehead's “fallacy of m splaced concreteness”.

11



The problemw th the correspondence of the collapse to
an actual entity is that QW as a part of our science,
I's subject to the principle of objectivation. The
collapse, as it is now understood, has nothing

subj ective about it. An actual entity, however, has
both a subjective aspect and an objective aspect.

The main conclusion | amdriving to is this: The
col | apse corresponds to an actual entity to the extent
that science would allowit to; i.e., it corresponds to
t he objective aspects of an actual entity.

When one follows, point by point, the characteristics
of actual entities nentioned above, one is anmazed to
what extent one can think of collapse as an

obj ectivized actual entity.

Thi s becones all the nore remarkabl e when we renenber
t hat Wi tehead created his systemin the 1920's,
knowi ng only the old Qv of Bohr and Ei nstein, and not
the mature QM of Hei senberg and Schr édi nger.

5. Ontic Description and Epistemc Interpretation
We finally have all the ingredients needed to resolve
the issue of whether there is a contradiction between

the ontic descriptions of Witehead and the epistenic
I nterpretati on of quantum st ates.

As we have seen, quantum states are a way of
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mat hematically expressing the avail abl e know edge about
a quantum system fromthe perspective of a given point

I n space. On the other hand, Whitehead' s description
I's, by his own adm ssion, “speculative”. While admring
t he beauty and coherence of his system we shoul d not

| ose sight of the fact that it does go behind the

physi cal evidence by making ontic clains.

In short, the epistemc interpretation of quantum
states and Wi tehead' s ontic description are both valid
within their different domains of reference. Since they
refer to different donmains, there is no contradiction
bet ween t hem

Ref er ences

i A. Pais, “Subtle Is the Lord...” Oxford Univ. Press, 1982, p. 445. .
"' As Aharonov and Al bert proved, [Y. Aharonov and D.
Z. Al bert, Phys. Rev. D21, 3316 (1980)]; Phys. Rev.
D24, 359 (1981)] the collapse takes place, indeed,
on t=const. hypersurface. And, as | have shown sone
twenty years ago, this leads to the conclusion, that
If in a given (unprimed) franme of reference the
col | apse takes place on t=const. hypersurface, then
i n another (prined) frame that is noving relative to

the first, it cannot take place on a t’=const.

hypersurface [S. Malin, Phys. Rev. D36, 1330 (1982);

13



Found. Phys. 14,1083 (1984)]

iii A N Wiitehead, Process and Reality, corrected
edition, DD R Giffin and W Shel burne, eds., the
Free Press, New York, 1978, p. 283.

14



