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I. Introduction

This is a trans-historical, interdisciplinary work in science and
metaphysics. The main historical storyline concerns Anne Conway’s theory of
vision given in scattered remarks in The Principles of the Most Ancient and Modern
Philosophy (1690), namely: we need to understand vision as a unity of the perceiver
with the perceived object, and we need to understand the objects of vision as the ordinary
objects of perception in space and time. My hypothesis is that, in the modern day,
this amounts to a version of Perceptual Direct Realism constructed within the
resources of Quantum Theory, using the notion of quantum entanglement as the
modern realization of Conway’s ideas.

To develop this hypothesis I employ an extended application of the notion
of quantum entanglement to two macro-objects, namely, a perceiving subject and
an object perceived. The physics’ core of this account leverages the novel notion
of an “Incomplete Quantum System.” The philosophical core of this account is
leveraged on (what I take to be) Berkeley’s idea that perception is a form of
property-actuality relativized to a subject. This idea is embodied in a pair of
formal equivalences derived in section IV. Since there is already a notion of state-
actuality that can be derived from the Uncertainty Principle in Quantum
Mechanics, in Section VI I argue for the identification of visual perception with
the quantum-theoretical notion of state-actuality. Since the quantum

entanglement of two distinct quantum states amounts to a unification of these
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states, this provides the means of arguing in Section VII that when the state that
corresponds to the subject of an act of vision is entangled with the state that
corresponds to the object of the act there arises a unification of subject and object
satisfying Conway’s account.

As mentioned, the theory that I develop involves an extended version of
Quantum Mechanics. It is “extended” because Quantum Mechanics, as it is
currently constructed, does not extend to the concept of macroscale quantum
entanglement, and does not, as far as I know, extend to the concept of what I call
an incomplete quantum system.

Why should I be interested in doing this? I take any complete
picture of reality to satisfy the following five propositions if it is to be coherent

and believable:

1. There exists an objective spatio-temporal world having most of the
features it seems to have. (Common Sense Realism)

2. We know of the existence of this world.

3. We know of the existence of this world because we have direct
perception of its key elements.

4. There is an explanation in terms of both the world and us as perceiving
subjects explaining why we can’t tell the difference between
dreams/hallucinations and real-world perceptions.

5. We have special, first-person awareness of, and epistemic access to,

ourselves as perceiving and knowing subjects.

According to Kant, a necessary condition in proving the empirical
truth/scientific acceptability of a scientific theory is proving that the theory is not

just logically possible, but that it possesses a stronger form of possibility he calls
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“real possibility.”! What distinguishes real possibility from mere logical
possibility for a theory T is a condition he calls “the possibility of the object” for
T.

I am claiming that something like Conway’s story about vision is needed
to account for the truth of 3 and 4. Showing that is the task of the remainder of
this paper. However, believability is not the same as truth or acceptance by the
scientific community, so to make her theory a serious contender in the
truth/scientific sweepstakes, it is important to show that it possesses not just a
logical possibility of being true, but a real possibility as well. That is what
“proving the possibility of the object” for Conway’s theory of vision
accomplishes.

For Kant, “proving the possibility of the object” for a theoretical
hypothesis T requires “constructing the concepts (of T) in intuition,” a task
showing that the postulates of the theory can be realized in a mathematical
model satisfying Kantian constraints on mathematics. I “prove the possibility of
the object” in the case of Conway’s theory of vision by instantiating it in two core
ideas in Quantum Theory, the Uncertainty Principle and Quantum

Entanglement.

II. Anne Conway on Vision.

Anne Conway was a 17t Century philosopher, whose main work The
Principles of the Most Ancient and Modern Philosophy was published in 1690, eleven
years after her death. (Conway 1996 [1690]) She is known mainly for her work in

the theory of matter, philosophy of mind, metaphysics in general and theology,

I Since I have discussed this aspect of Kant’s philosophy in detail elsewhere,
Vinci, 2015, I as assert these claims dogmatically and in summary form here.



not much for her work on sense-perception. In her recent “*As We Observe By
Continued Experience’. Experience and the Senses in the Philosophy of Anne
Conway,” (Hutton 2019) Sarah Hutton tries to remedy this. She begins her paper

with a summary-account of how Conway is situated by recent commentators:

The scholarship on Conway often highlights affinities with the so
called rationalist philosophers of the canon of early modern philosophy
(Leibniz, Descartes and Spinoza). The “rationalist” interpretation of
Conway plays down the fact that her arguments often draw on experience
and observation of physical phenomena. With her vitalism, almost the
obverse is the case. Both these views of Conway turn on epistemological
factors - reason and sensation. Nevertheless, discussion of how she
understood the relation of reason to sense experience has not been fully

explored.

Hutton then works through Conway’s treatise, finding a scattering of
passages dealing with sense perception.

First, Hutton notes that the examples of visual perception that Conway
gives are “obviously quotidian experience (experentia quotidiana), that is to say
ordinary, every-day experience, of things which we can observe which we see “as
we see water changed into stones, stones into earth, earth into trees, and trees
into animals or living creatures.” (Hutton, 61, Conway 1996, 28)) Ordinary,
everyday visual experience is, of course, the seeing of objects in the external
environment.

Second, Hutton quotes several passages in which Conway posits the

transmission of images from objects to brain as part of the process of perception:



I understand all creaturely knowledge as knowledge received or aroused

by the things or objects which are known... every object sends us its own

image and that image is a real entity [ens reale]. (Hutton 2019, p. 64;

Conway 1996, p. 54)

I would like to mention two other ideas, namely, that for Conway sense
perception involves the sending out of action from the eye as well as the receiving of
images, and the perceiver and the perceived object are united by means of the
sending-out action:

Just as the eye receives light within from the external object which it sees,

so it also sends out light or spirit to that object. In this light and spirit there

is vital action which unites object and sight. (Hutton 2019, p. 65; Conway

1996, P. 67)

To this I add two final ideas: Conway countenances (1) an instantaneous
mode of action at a distance due to a property of the action she calls (2) “intimate
presence,” which occurs in both light (incoming action) and “vital actions,”
(included here are the outgoing action of the eye), the latter being a nobler kind
of motion than light.

And if it [vital action] can penetrate the bodies through which it passes by

its intimate presence, then it may be transmitted from one body to another

in a single moment, in fact, in no time at all.... although it is impossible
that a body in which the motion is carried from place to place should not

take some time... (Conway 1996, p. 69)

However, Hutton does not emphasize the “sending out” part of the process,
summarizing Conway’s account thus in the sentence immediately following the

quotation:



Perception, then, involves the reception of images transmitted as spirits
from the perceived to the perceiving. In order to be received, these images
require receptacles or receivers of some kind. ... In other words sense
perception requires organs of sense. And here body plays a crucial role.
(Hutton 2109, p. 61)

However, the “sending out” part of Conway’s theory of perception is also
important, an assertion of the very ancient “extramission” theory of perception.
We find this theory in its classical form in Ptolemy (circa 150 AD).2

Before the invention of modern Geometrical Optics by Kepler around
1600, an extramission theory of vision made considerable sense as an explanation
how we can see the whole of an object that is bigger than the eye. Assume that
light travels in straight rays from points on an object to points on the eye and that
each ray somehow presents each departure point to the observer through the
point on the eye that is its terminus. Take, for example, a six-foot long pole
standing up on the ground, being viewed straight ahead of us, at a distance of 30
feet. We see the whole of the pole and considerable else on top and below it in
our visual field. How is this possible on our assumptions? To simplify our story,
let’s say that light travels only straight out, at 90 deg., from each point of the
pole. Consequently, the only rays that reach our eye are rays that originate in the
small region of the pole that is immediately opposite our eye and is of the same
size and shape as our eye. Since the only visual perceptual acquaintance we have
with objects comes from the rays that proceed from points of the object seen, the

only object we would be perceptually acquainted with in vision would be that

2 My source is Sabra 1981.



small region of the pole. This is obviously not what happens, so we have to
arrive at a different explanation for what vision is.

Enter Ptolemy. Ptolemy decided that what was needed was the notion of a
visual pyramid, a structure with its point resting on the eye, and its base consisting
of the dimensions of the object seen. This structure was a real entity produced by
emanations sent out from the eye, its apex resting on the eye, its base capturing
the dimensions of the object seen, so this theory counts as an extramission theory
of perception. The visual triangle presented the object to the perceiver. It is
important to note that the object presented to us by means of the visual triangle
was the external object itself, not an image of the external object. So, Ptolemy’s
theory of perception also counts as a version of environmental direct perceptual-
realism. Whatever other problems Ptolemy’s theory had, this is a great
advantage for any theory of perception, on both epistemological and
phenomenological grounds, and versions of extramission, visual-pyramid
theories of perception remained as contenders among scientists at least until
Kepler’s invention of modern geometrical optics around 1600. Of course,
Conway is writing in the post-Keplerian scientific universe. Why, then, did she
insist on an extramission aspect to perceptual processes when she wrote her
treatise, sometime between 1670 and her death in 1679?

She doesn’t say -- her theory of vision is little more than a scattering of
remarks made towards the end of her essay. But I have a speculative answer:
Conway is proposing a philosophical analysis of vision according to which the
seeing of objects is the seeing of external objects (hence the importance of the
quotidian nature of visual experience highlighted by Hutton) wherein seeing

itself is not to be understood as a causal-mechanistic process of any kind, thus



not to be understood along the lines of the modern causal theory of perception.’
Rather, it is to be understood as a kind of presence, “intimate presence” in her
terminology.

She is also proposing a scientific theory of vision wherein the seeing of
external objects is to be understood as a unification of the perceiver and the
perceived object, the latter being brought about by a special kind of non-
mechanistic causation requiring an extramission action of the perceiver, and the
extramission action itself being triggered by external-body-to-eye mechanistic
causal processes of the sort standardly envisaged by science at the time.

There is much to admire in Conway’s account, not only in her
philosophical analysis of vision but also in her scientific account in the
intellectual context of the latter half of the 17t century. Yet, we think, the account
is a no-go in the modern day because its positing of instantaneous modes of
causation, with its components of extramission and perceiver/ perceived-object
unification, is inconsistent with standard, non Quantum-Theory modern-day
scientific knowledge about the physical and neurophysiological processes
involved in vision, that is, with the General Theory of Relativity and its Locality
Condition. And yet, as we know, Quantum Mechanics - as it currently stands,
inconsistent with GTR -- is also a well established physical and mathematical
theory governing physical interactions at the microscale level, and, on some
versions (e.g., Bohm, 1980; Bohm and Hiley, 1993) it does allow for
instantaneous causal interaction over great distances.

Taking from Conway both (1) her regressive reasoning (“reverse

engineering”) from the best philosophical analysis of vision she can develop to

3 A classical version of this theory is Grice 1961.



what is needed for it to be true in the physical science of vision, and (2) her idea
that the best analysis she can develop requires a unification of perceiver and
perceived object, I will now develop an account of what is possible in modern-
day science. I propose to do this by drawing on basic elements of the
mathematical and physical structure of Quantum Mechanics, applied at the level
of mesoscale brain states and macroscale external objects.

Before proceeding ,there is a philosophical backstory which needs to be
told. This story refutes the causal theory of perception and lays the groundwork

for a Berkeleyan version of Direct Realism.

II.  Contra the Causal Theory of Perception.

The Causal Theory of Perception can be understood as either a definition of
what these states of affairs are or a theoretical identification, in the language of
contemporary science, of what they consist in. Specifically, to take the case of
hearing, the causal theory of perception defines or identifies the state of affairs x
hears a sound s made by object o with the state of affairs o’s initiating a causal process
in the environment of x that produces an effect in x’s ear, which effect then causes within
x’s neurophysiological system an auditory experience of s. The causal processes, both
environmental and neurophysiological, are then described in more detail in the
scientific language.

The causal theory of perception, in one form or the other, is the most
widely accepted theory of what ordinary perception-verbs mean or report. And
yet, I maintain, it is mistaken. Here is the argument.

First, consider the definitional form. In addition to causal notions, it relies
on the notion of “experience.” But what is “experience”? If we start with the
meaning of this word in ordinary language, we find that it comprehends a basket

of ordinary perceptions - things we see and hear and smell and feel. For
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example, if I report having a wonderful experience at the concert last night, I will
be reporting things that I heard. But if we are defining hearing in terms of
auditory experience and explain auditory experience in terms of what we hear,
our definition is circular.

It now becomes attractive to move to the alternative form - theoretical
identification in science. But there are counterexamples. A person suffering from
tinnitus who experiences a loud screeching sound at times when there is no
environmental cause for the sound, hears a loud screeching sound when there is
no environmental component to the hearing. What of visual experience? Here, 1
relate a personal experience from my youth. When 12 years old I had a bad break
in my arm at summer camp, which was set in a small rural hospital. I was
anaesthetized with ether for the resetting of the bone. When I awoke shortly
after, I said to the attending doctors that I had had this remarkable experience: I
saw a revolving spiral of the most brilliant colors that I had ever seen. That, they
said, was caused by the ether. The colors were not, of course, in the operating
room. But where, I wondered, were they? (I have been wondering about that
ever since!) In both cases, we have counterexamples to the Causal Theory of

Perception in its theoretical-identification form.

IV. Berkeleyan Direct Perceptual Realism

If “sees” and “hears” are univocal expressions of a relation between a
perceiver and colors and sound, respectively, whether these properties are inside
or outside the head, what is that relation? Intuitively, what comes first to mind is
that, in both cases, a property is present to subject. When I hear a screeching
sound, whether it be in my head or in the outside environment, that sound is
present to me. The contrast here is with the case where I either have no access to

the sound at all, or where the access is intellectual, that is, by way of thinking or
10
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believing. Ditto for the seeing of colors. I will call this intuitive idea, “The
Presence Principle.” 4

The idea of presence has an implication of spatial proximity: if I say good
morning to “all who are present”, I am addressing people in the same room that I
am in. In the case of internal objects of perception, it is plausible that the spatial-
proximity implication is, or could be, met: if the subject x is a part of the brain
concerned with executive function and the internal sounds or colours are also in
(or dependent on) another part of the brain y, it is plausible that x and y would
be in spatial proximity to one another, if not in the same neurophysiological
room then at least in the same neurophysiological building. But what about the
case where the perceived properties are external to the head? They can, after all,
be very far removed in space from where our head is located.

The Presence Principle is in trouble here, at least if we require spatial
proximity as an implication of presence. But do we need to require this? It does
not seem to me that the spatial proximity implication is a logical entailment. The
term “presence”, in our sense, designates a mental proxim®ity which is usually
accompanied by spatial proximity, but is not the same thing as spatial proximity.
So there is no conceptual anomaly or contradiction involved in saying that
properties located at some distance from the cognitive-sensory systems in our
head can be present to us. However, to make this a scientifically credible claim,
we need to find some way to instantiate the notion of presence in general and the

notion of the presence of remotely located properties in particular, in the

4 We also find this principle in Descartes. See Vinci 2025.
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materials of modern science. This is where a connection to modern Quantum
Physics and Conway’s theory of vision will prove helpful.

Stage 1. The first stage in establishing this connection, concentrating here
on vision, is that the presence of a colour to a subject intuitively entails that the
colour is actualized. Call this “The Actuality Principle for Presence.” Based on a
well known example from Berkeley’s Three dialogues between Hylas and Philonous”
about clouds appearing differently in color to different observers at sunset, I
next argue that in the case of each observer o, a different colour is present to o,
thus, by the Actuality Principle for Presence, different actual properties are
present to each observer. If these properties are simultaneously real properties of
the (whole) cloud, then we have a conceptual impossibility, which we must
avoid. The avoid it we need to relativize the attribution of each colour to an
observer, thus saying for a given color ¢ and observer o, that c is actualized
relative to o. Call this the “Relativized Actuality Assumption.”

To summarize. In light of The Presence Principle and the Relativized
Actuality Assumption, we have the following two equivalences, where o is an
observer, c is a color:

(1) o sees ¢ is equivalent to ¢ is present to o

(2) cis present to o is equivalent to c is actualized relative to o.

I call a theory with these two principles and these two equivalences, a
Berkeleyian Direct Perceptual Realism for Vision.

Stage 2. In this stage I make the connection to modern Quantum Physics. I
give this connection in detail in the next section. Briefly, I maintain that the
Uncertainty Relation in Quantum Physics affords the means of defining a notion
of the actuality of colors relativized to observers, where observers are
understood as a Quantum Systems gs and colors are understood as one

dimension of gs.
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There is a large, and growing literature, on the connection between

consciousness and quantum effects in the brain. ¢ Generally the quantum effects

6 There has been an extensive development of theories positing quantum effects in the
brain and a connection between the effects and consciousness since the inception of
Quantum theory in the 1920s. For an excellent discussion of the history of these
developments see Meijer (2026). Of recent theories in which the connection between
quantum-brain effects and consciousness is asserted to lie with the Uncertainty Principle
and an “all or nothing” power to collapse the wave function ,which is what I am
proposing here, he writes:

A major debate about these theories concerns the possibility of coherent
quantum states in the “warm” and wet internal milieu of the brain (see e.g.
Atmanspacher, 2011). The defenders of the quantum brain models have argued
that in vivo molecular configurations exist that enable the modulation of quantum
states through efficient protection and shielding of the waveinteraction
compartments in the cells (Hagan et al., 2002).

The particular local collapse of the wave function, in this manner,
produces new information. As originally proposed by Eccles, this is realized by
membrane protein induced fluxes of Ca2+ or K+ ions, that increase the
probability of fusion of neurotransmitter-filled vesicles in the synapses, leading
to the firing of the particular neuron or even groups of neurons.

The central hypothesis here is that synaptic transmission represents a
typical (quantum) probability state in which the total number of vesicles
available for exocytosis is critical for an all or none response of neuronal firing
(Beck and Eccles, 1992; Beck, 2001). Coherent neuronal perturbations and
especially their entangled state are supposed to provide non-local “binding” of
sensory and cognitive brain centers, and may also enable perception of qualia
and the unitary sense of the “conscious self.” (Hameroff, 2007).

At the "mesoscopic" scale [i.e., intermediate between microscopic and
macroscopic] of brain activity where the "binding" process is expected to occur is
in the vicinity of the quantum domain, the binding principle is likely to be a
quantum non-local effect, probably the only known physical mechanism able of
performing such a task. One possibility is the formation of a quantum photonic
field (Flanagan, 2006); another possibility is the formation of coherent states on
the level of trans-membrane ion fluxes such as that of Ca2+ as suggested by
Pereira, 2003, 2007,and the unitary sense of “conscious self” (Hameroff, 2007).

(Meijer, 2026: 26-27.) (For the convenience of the reader, in-text citations are included in
the References, below.)
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are at the micro-level in synapses, and the effects are characterized as
“consciousness”, “conscious experience” and similar expressions. While the
notion of consciousness is generally left unanalyzed or undefined, it is usually
used to refer to inner experiences rather than perceptions of external objects. For
example, Solms, in a series of recent papers’ in psychology of consciousness,
treats consciousness as an internal phenomenon originating evolutionarily in the
midbrain and then working itself evolutionarily up into the visual cortex, in both
cases, contrasting with perception. The latter is an act involving the sensory
systems extending to objects outside the brain. Although Solms is not proposing
to explain consciousness as a quantum effect of the Uncertainty Principle, I will
take his usage of “consciousness” and “perception” as canonical for the usage in
the QM-consciousness approaches, unless indicated otherwise.

My own approach is a somewhat generic version of the all-or-nothing
wave-function collapse interpretation of the Uncertainty Principle, but with two
important differences. The first is that it is not restricted to inner consciousness in
the sense just adumbrated. The second is that, due to the first, the version of the
quantum-effect/ Uncertainty principle approach requires a speculative extension
of Quantum physics as it is currently understood. I call the resulting theory An
Extended Quantum Physics. However, it is still subject to the basic mathematics
and physics of Quantum Mechanics, including the applicability of the
Uncertainty Principle and quantum entanglement. Where it differs in allowing
for the possibility of macroscale quantum entanglement effects and the special notion

of an incomplete quantum system.

7 See, e.g., Solms, 2018.
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Stage 3. Here I explain how colors located in an external object or place
can be present to an observer, when “presence” has been translated into our
Quantum Mechanical notion of relativized actuality. This is also where we make
a connection to Conways’ idea that vision involves a unity of the observer with
the object observed, where the latter are taken to be ordinary objects of
perception located outside the observer. I take the term “unity” here to indicate
that a single object has been made where two were originally. Like the notion of
‘presence,” the notion of “unity” has a usual implication of spatial proximity. For
example, if we create a single hamburger out of the top and bottom of a bun and
a ground-beef patty, these three items are in spatial adjacency with one another.
How, then can a color localized in a sunset occurring many miles from the
location of an observer, and the observer themself, be made into a single object?

If we restrict our answers to those available in the conceptual framework
that Sellars calls “the Manifest Image” it is impossible. In that image unification
of spatial objects into single objects requires spatial adjacency. But the
conceptual framework of quantum physics is not the manifest image, it is a
scientific image in which, among other things, there is the magical phenomenon
called “Quantum Entanglement” in which what starts out as two distinct
quantum systems come to be one quantum system even when aspects of this system
are at large spatial removes from one another in respect of the operations of the
Uncertainty Principle. I go on to show how, within an extended Quantum
Physics employing the concept of an Incomplete Quantum System, we can enlist
the notion of quantum entanglement to unify states in an observer quantum-
system x with states of an external-object quantum system y, with respect to
color, in a single quantum system z. Within the new quantum system z, there
will exist a version of the Uncertainty Relation R such that R defines the notion

of the actuality of a color c relative to an observer o. Since this is the translation
15
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into the language of Quantum Mechanics of the ordinary-language notion of the
presence of c to o, we now have, as promised, an account in an extended version
of Quantum Theory of the presence of a color localized in an object external to
an observer. Since this account is constructed within the standard mathematics of
Quantum physics, in accord with Kantian method, it shows the possibility that
such an account “has an object”. This what Kantian method requires for a
demonstration of the real possibility of this account, a necessary preliminary to
showing that the account itself is true and a serious contende in the scientific

enterprize.

V. The Mathematics of Quantum Mechanics.

V. The Mathematics of Quantum Mechanics.

In Quantum Mechanics there are two levels of possible states of a system:
the set of possible “eigen states” and the set of possible “state vectors.” Eigen
states can be variously thought of as actual states of the system or as states that
can be observed or measured. They are relatively few in number. For example,
for the property known as “spin” in an electron, there are 6 eigen-states, spin-up,
spin-down on each of the three spatial dimensions in Euclidean space. With the
state vectors, on the other hand - in our example these are called the “spin-state
vectors” -- there are infinitely many. A spin-state vector can be represented as a
straight line drawn from the origin of the sphere to a point on its” surface, like the
hand of a three dimensional clock, in a three-dimensional mathematical space.
(See Figure 1.) The set of possible state-vectors is called the “phase space” of the
system. Figure 2 depicts the orientation of the spin-state vector to two spatial
dimensions, each of which is represented by a Cartesian co-ordinate system set at
45 degrees to one another. The two-dimensional depiction suffices for our

purposes here, but a complete depiction requires three dimensions.
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Figure 1 “Clock-face”
representation of math for

Mechanics in | dimension

electron spin-states in Quantum

Clock-face represents the space (“phase space”) of all possible
spin state vectors as they rotate through 360 degrees.

b: x-dimension spin-up axis

c: x-dimension spin-down amplitude for V1
d: x-dimension spin-up amplitude for V1

h: x-dimension spin-down axis

V1: spin-state vector; magnitude = 1. A spin-state vector is
one of the possible total theoretical states postulated in QM,
underlying the phenomenon of spin.

b&h: the x-dimension frame

FIGURE 1.
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Figure 2: representation of a
spin-state vector and amplitudes B: O
in_two dimensions.

a: 315 ’

18

a: y-dimension spin-up axis
b: s-dimension spin-up axis
c: x-dimension spin-down amplitude for W1

d: x-dimension spin-up amplitude for V1

e y-dimension spin-down amplitude for V1

f: y-dimension spin-up amplitude for W1

g y-dimension spin-down axis

h: s-dimension spin-down axis

W1: spin-state vector 1 [one of the possible total spin states)
“45" represents degree-parameter for the Wawve Equation

a & g: the y-dimension frame

bih: the x-dimension frama

18
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Figure 3: Collapsing the wave Function

a: y-dimension spin-up axis:

b: x-dimension spin-up axis:

c: x-dimension spin-down amplitude for V2: equal to d
d: x-dimension spin-up amplitude for V2: equal to ¢

e: y-dimension spin-down amplitude for V2: vanishes
f: y-dimension spin-up amplitude for V2: becomes 1
g: y-dimension spin-down axis

h: x-dimension spin-down axis

V1: original spin-state vector 1 (one of the possible total
spin states)

V2: new spin-state vector: collapses on g.
“45" represents degree-parameter for the Wave Equation

a & g: the y-dimension frame

Each of the state vectors determines a set of vector component, also known as

“amplitudes.” (See figure 1.) The vectors in question here are mathematical
19
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entities depicted in a special mathematical space known as a Hilbert space. (These
vectors can also be represented in physical diagrams, as I have done above.) The
amplitudes are the variables that the language of Quantum mathematics
quantifies over.

Each of the state-vectors takes up a position in the Hilbert space that is
represented by a degree of a circle ranging from 0 to 360 degrees. When the state
vectors take on values in increments of 45 deg, e.g., 45 deg, 90 degres, 270
degrees, in Schroedinger’s Wave Equation, the amplitudes take on a special pair
of values which, when squared, amount to probabilities of the eigen-states in two
special categories: probability-value of 1 or 08 that a given eigen state will occur
paired with a probability-value of randomness that another eigen-state will
occur. In this case we say that the Wave Equation has “collapsed” for the non-
random axis. (See Figure 3.) At other positions of the state vectors other
probabilities are determined for the eigenstates that lie between 0 and 1. (See
Figure 3.) That there is this relationship between pairs of amplitudes in
quantum-systems is Heisenberg’s famous Uncertainty Principle. Since the
amplitudes in question here yield eigen-state probability values, they are called
“probability amplitudes.” In our electron spin-state example, when an electron is
in a spin-state determining a probability of 1 for the eigenstate spin-up on the X
axis, it will determine a probability value of randomness for the eigenstates,
either spin-up or spin-down, on the Y axis. The latter constitutes maximum

uncertainty as to which eigen-state will occur, the former constitutes maximum

8 This is true of some versions of Quantum Theory, the all-or-nothing version of wave-
function collapse, which I rely on here. It is not true of some e.g. that due to Feynman,
in which the probabilities always differ from 1 or 0 by a small, but finite amount. (For
further discussion of this issue, see Vinci 2020, note . Also see the passage quoted from
Meijer, 2026, in note 5, above.)
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certainty as to which eigen-state will occur. This constitutes the collapse of the
wave function in the X-axis. In other cases the probabilities will lie somewhere
between 0 and 1 for both spin-up and spin-down probability amplitudes.

Any formulation of a theory in Quantum Mathematics must have the
characteristics described in the previous two paragraphs, including the
Uncertainty Principle. This includes my own formulation for purposes of
Kantian method. However, which physical systems are assigned this mathematical
structure need not conform to those countenanced in present-day Quantum
physics. There is room for innovation to achieve special results, in this case, to
prove “the possibility of the object,” in Kant’s sense, of Conway’s theory of

vision.

VI. A Quantum Physics Interpretation of Berkeleyan Direct Perceptual Realism for

Vision: General Case

The starting assumptions for the present section are the two equivalences
stated in Stage 1 of Section IV, repeated here for convenience, where c is a color,
and o is an observer:

Equivalence (1): o sees c is equivalent to c is present to o

Equivalence (2): c is present to o is equivalent to c

is actualized relative to o.
If there were a way to represent the actuality of certain states in Quantum
Physics, then we could translate the ordinary notion of vision into the language
of Quantum Physics. This is my proposal:

The Translation Principle for Visible Color Qualities.

The statement a visible color- quality c is actualized relative to an observer o is

true iff o is a visible quality quantum system with at least two
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mathematical dimensions, D and D’ subject to the Uncertainty Principle

and c is an eigenstate of 0, with maximum certainty (probability 1).

As the reader will recall, in Quantum Physics there are two sets of
possible states: the states that are possibly actual or observable, eigenstates, and
the set of possible state-vectors, the phase space. A state vector is a mathematical
object that determines the amplitudes, one amplitude for each eigenstate, in each
of three dimensions in Hilbert space, a mathematical space. Each state-vector V
represents one of the possible states of a quantum system and is expressed
mathematically as a function of the degrees of the vectors. This function, in turn,
determines the probability-assignments of the eigenstates. This is the famous
Schroedinger Wave equation.

To characterize the notion of a particular visible quality quantum system
gs, I begin by positing two general classes of properties, visible qualities and non-
visible qualities. 1 will explain what I mean by a “visible quality” below, but note
that both visible qualities and their corresponding non-visible qualities are eigen-
states and the classes of these qualities are exclusive and exhaustive. (They
correspond to spin-up and spin-down in the case of electron-spin quantum
systems, though they will be much more numerous.) These states are to be

distinguished from the state-vectors and their amplitudes. °

9 It is important to keep in mind that what is occurring at the fundamental mathematical
level in a quantum system is not a pattern of magnitudes of eigenstates, but a pattern of
magnitudes of amplitudes of eigenstates. Amplitudes are the fundamental theoretical
entities of Quantum Physics, whose metaphysical status is a matter of much
controversy, which, for the most part, I step around gingerly here. However, a brief
word about one interpretation, the “Copenhagen Interpretation” is apposite.

On the Copenhagen Interpretation the amplitudes are mathematical constructs
having no basis in reality. Reality exists at the level of the eigenstates, or, more properly,
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I posit that the amplitudes are situated in two dimensions in
mathematical space, one for each of the two classes of eigen-properties - the
visible states and the non-visible states, D and D’ respectively. (The two
dimensions in which the vectors for visible macro-object quantum systems are
situated in mathematical space contrast with the three dimensions in which the
vectors for standard particle-physics quantum systems are situated in
mathematical space.)

Let’s suppose that visible qualities are colors in the visible spectrum
arrayed in spatial form and that they that constitute the content of visual
experience. Their corresponding non-visual qualities are physical qualities whose
probabilities are associated with those of the visible colors in the quantum
system by the Uncertainty Principle and do not themselves provide content for
visual experience. In contemporary parlance, the former states are visual qualia,

the latter are not.

at the level of observation of the eigenstates: when a certain eigenstate in dimension D,
e.g. in the case of electron spin, spin up in the X dimension, takes on a probability value
of 1, that means that there is a probability 1 that an observation of spin-up in electrons
polarized on the X dimension will be made on a measuring device. But what is an
observation to begin with?

An observation is a perception, and the notion of perception is left undefined on
the Copenhagen approach. That is quite the opposite of our approach: it is to define the
notion of perception in terms of the attainment of probability 1 for a given eigenstate in
the color-dimension D of a brain quantum system. To now take the stance of the
Copenhagen Interpretation, that the attainment of probability 1 for this eigenstate would
amount to a probability 1 of observing that eigenstate, is viciously circular. Accordingly,
I will assume a non-Copenhagen interpretation of the mathematics of quantum
mechanics. Bohm's account (Bohm, 1980; Bohm and Hiley, 1993 ) which has recently been
gaining wider acceptance among physicists and philosophers, is one that would seem to
be amenable to my purposes.
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The eigen-states whose corresponding amplitudes are situated in D and
those whose corresponding amplitudes are situated in D are the states which are
related pairwise by The Uncertainty Principle. For a given visible quality-state x
whose amplitudes are in dimension Dx I will call the set of eigenstates whose
amplitudes are in dimension Dy, the non-color uncertainty-mates of x.

We can now state the following principle for visual color uncertainty-
mates:

The Uncertainty-mates Principle for Visible Color States

(B) For each visible color-state ¢ in dimension D with a probability of 1

there is a set Y of non-colored mates with random probability in

dimension D’; and for each set Y of non-colored mates with random
probability in dimension D’, there is a colored-state ¢ with probability 1 in

dimension D.

To say that the probability of a color or its mate is random is to be taken in
the classical sense of having an equal chance of occurring: if there are 100 distinct
colors in the visible spectrum then the chance that any given color is actual is
1/100.

Finally, I explain where (in space) a visible color state c is located
(“localized”) thus:

The Localization Principle for Visual Color States

If c is a visible color state of 0 and D is the color-state dimension of o, then

c is localized to the place where D is localized.

Suppose that there is a visible quality quantum system gs in which there is
a set of non-colored states Y occurring with a random probability then, from (B),

we have it that there is a visible color-state ¢ with probability 1 or 0. In the case
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where it is 1,10 we infer from the Translation Principle that there is a visible color-
state x actualized relative to s and from Equivalences (1) and (2) we infer that
there is a subject identical with o such that o sees the visible quality x. We now
have a chain of definitions that take us from a visible quality-state of a quantum
system s with probability 1 to a subject identical with s seeing a visible quality;
and vice versa.

There are two kinds of visible quality quantum states of interest to us,
those whose visible qualities are localized in parts of a brain and those whose
visible qualities are localized in the visible surfaces of macro physical objects in
the spatial environment of the brain accessible to the eyes. Call the former,
quantum systems for visual qualities localized in the brain and the latter quantum
systems for visual qualities localized in external objects. There is, as mentioned, a
large literature developing the former with many variants, complexities and
problems.!! However, what we do not yet have is a theoretical development of
external-object quantum systems for perception, at least for perception
understood as Berkeleyan Direct Perceptual Realism for Vision. That is what I
attempt in the next section. It takes the form of an extended Quantum Physics
incorporating the novel ideas of an incomplete quantum system at the macroscale

and the entanglement of same with quantum brain states at the mesoscale.5

10 Which particular visible color-state, e.g. red, occurs with a probability of one rather
than 0 depends on the specific angle in the two-dimensional Hilbert space in which a
given state-vector occurs.

11 See note 6.
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VII. An Extended Quantum Physics Interpretation of Berkeleyan Direct Perceptual

Realism for Vision: Macro External-Object Case.

Recall that the second of the two key features of Conway’s theory of
vision is that the objects of vision are ordinary physical objects, “external objects”
as we are calling them. These objects are at a spatial remove from perceiving
subjects and a key question for us is how there can be an act of vision of such
objects meeting the conditions of her account: the objects are present to a subject
of vision and are at a spatial remove from one another, yet the act of seeing is
instantaneous. Light, understood mechanistically, in her time as in ours, is a
temporal process governed by a locality condition. So light, understood
mechanistically, cannot be part of an act of vision, though it can bring about its
occurrence. This is an important part of her overall account of vision and must be
reflected in the QM model we are constructing for methodological purposes.
However, for Conway, the act of vision as such binds perceiver and perceived
instantaneously. This is accomplished in her theory by positing vision as a
unification of the perceiver and the perceived object in a single object capable of
instantaneous internal action.

Internal transitions governed by the Uncertainty Principle in a quantum
system are also instantaneous: in the very instant that that a set of uncertainty
mates of state x go to maximum uncertainty, x itself instantly goes to maximum
certainty. Acts of color perception, defined as we have done so above, in terms of
visible macro-object quantum states, are instantaneous acts, thus meeting
Conway’s first requirement for vision. However, we still do not have an account
that meets her second requirement for vision: that the act of vision takes ordinary
physical objects as the objects of vision, objects which are at a spatial remove

from the perceiver. To finish the modern telling of her story, we need to turn to
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another core notion in the Quantum Theory, the notion of Quantum
Entanglement.

The notion of Quantum Entanglement is a magical idea. It is the idea that
two different objects spatially isolated from one another brought together in the
right way can be joined in a marriage governed by the Uncertainty Principle.
When this condition is met, the two objects are called a “correlated pair.”12 The
marriage creates one quantum system out of two, with eigenstates having
uncertainty mates within one system now having mates from the second
system.13

I now propose to use the notion of the entanglement of two quantum
systems in an extended Quantum Physics to explain how the perception of a
color in an external object can be the union of perceiver and external object. For
an entanglement of a perceiver and an external object to happen, both would
have to be visual quantum systems. I have explained above at some length how
the brain could be a visual quality quantum system at the mesoscale, we now
have to do the same for external objects of vision at the macro scale.

Any complete quantum system needs to satisfy the Uncertainty Principle.

This entails that any complete quantum system must have at least two

12 See Hughes 1989, pp. 159-62.

13 In their famous paper, Einstein, Podulsky and Rosen (Einstein, Podulsky and
Rosen 1935) create a thought-experiment in which quantum-entangled particles are sent
off to enormous distances in space and yet, even at these enormous distances, instantly
respond to one another in accord with the requirements of the Uncertainty Principle.
Although the situation that they describe was intended by the authors to discredit a
certain formulation of Quantum Physics, there is current evidence (Aspect et al, 1982)
that instantaneous action at a distance is actually achieved.
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dimensions, since the Uncertainty Principle connects amplitudes in one
dimension which amplitudes in another. In the case of the brain quantum
system, there are two dimensions: a dimension of color-state amplitudes and a
set of synapse-firing amplitudes. So, brain visual quantum systems are
complete quantum systems.

If external objects are to form complete visible macro quantum systems, it
must also have two dimensions of amplitudes, one of which will be visible-color
amplitudes.. However, visible external objects are not themselves brains and do
not have billions of synaptic-firing possibilities to provide the amplitudes for the
non-color qualities. What does provide them? It is hard to see that any kind of
physical eigenstate in ordinary external objects would have a dimension of
corresponding amplitudes that would satisfy the Uncertainty Principle in
external-object quantum Systems at the macroscale. This is a serious obstacle on
our journey to complete an extended Quantum Theory.

To get around it, I introduce a new concept, the concept of an incomplete
quantum system. An incomplete quantum system has only one dimension of
amplitudes D. However, it “seeks” completion in a second dimension of
amplitudes D" such that D and D’ satisfy the Uncertainty Principle. I now
postulate a new principle, The Incomplete Quantum System Principle:

When an incomplete quantum system x with one dimension Dy is

entangled for a time period T with a complete quantum system y with two

dimensions, Dy and D'y, the incomplete quantum system x temporarily
acquires the second dimension D’y of the complete quantum system as its
own second dimension such that Dx and D’y also satisfy the Uncertainty

Principle.
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I now hypothesize that there temporarily exists a complete external-object
visual quantum system, x*, with two dimensions, the visible color dimension of
its own and a synapse-firing amplitude dimension borrowed from the Brain
Visual-state Quantum System. This makes x* a hybridization of two types of
quantum systems, one in the brain, the other in objects external to the brain.
There is now the potential for a set of random quantum states of the brain to
bring about a probability-1 color-state c of the external object. By the reasoning
previously described, when this happens, the subject sees the color c in the
external object. This satisfies the second of Conway’s requirements.

I have said that entanglement occurs when objects are “brought together
in the right way.” The right way for Conway occurs when one object is a
perceiver and the other is a macro-object in our environment? Recall that vision,
for Conway, has an extramissive and an intromissive component. The
extramissive component is the act of unifying subject of vision and object. It is
instantaneous:

And if it [vital action] can penetrate the bodies through which it passes by

its intimate presence, then it may be transmitted from one body to another

in a single moment, in fact, in no time at all

The intromissive component is what brings about the extramissive component
and is a temporally extended process. As Conway puts it:
Thus, vital action could hardly occur without any local motion because
the latter is the instrument of the former. Hence the eye cannot see unless
light enters it. The motion excites vital action in the eye, which constitutes

vIsion.

29



30

According to modern physics, the intromissive element of vision is the
passage of photons from the surface of a physical object to the eyes, and
subsequent processes in the optic nerve and visual cortex of the brain. I now
posit on behalf of the Imaginary Quantum Theory that the passage of photons
from object to eye and subsequent processes in the optic nerve and visual cortex
are local motions which cause, but do not constitute, the entanglement. Since the
entanglement is a form of unification, these processes cause the unification of
two visual macro-object quantum systems, one initially complete (the brain) and
one initially incomplete (the external object). The result of the unification of brain
and external object quantum systems is a temporary, new, hybrid and complete
external-object quantum system x* having two dimensions: a visual-color
dimension D intrinsic to itself and a synapse-firing dimension D’ borrowed from
the brain quantum system.

As mentioned, where an intromissive process causes an entanglement of
brain system and external-object, there is the potential for the brain system to see
a visible color of the external object. When a second condition obtains, the
condition of actualization, namely, that a certain color c attains probability 1 via the
randomization of the eigenstates in dimension D’ of the brain quantum system,
then, by the C-B-A reasoning described above, we infer that I see the color c of
the external object. I posit that the same intromissive process that entangles the
two systems also causes the condition of actualization. With this we have shown
that an extended Quantum Theory’s account of vision also satisfies Conway’s

second requirement.

VIII.  Summary. The main line of argument in this paper is that there are two
actions involved in Conway’s theory of vision: a passive, “intromission action”

and an active “extramission action.” The intromission component is the series of
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events originating in the external object and linking states of that object with a
state in the non-color dimension of the perceiving subject. This series of events
causes the quantum entanglement of two visual macro-object quantum systems,
one complete, the other incomplete, resulting in a temporary, complete External-
Object Visible-State Quantum System* combining dimensions from both subject
and object quantum systems. The same series of events also causes the
probability of the non-color uncertainty- mate states of a particular color, c, to
become “random.” The extramission component is the action which then
quantum-causes the collapse of the wave function in the visible-state dimension
of the External-Object Visible-State Quantum System, bringing into actuality the

color c of that external object. These interactions are depicted in Figure 2.
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Figure 7: 2-way QM account of visual perception for 2 states in 2 dimensions.

Perceiver: st?>

Green dashed arrow: transition of vector to new position.
Red dashed vertical line: red prob. amplitude

Yellow dashed horizontal line: yellow prob. amplitude
Blue solid lines: non-perceptual-dimension frame

Blue dashed lines: N1 and N2 prob.-amp. in the non-
perceptual dimension of the perceiver; N3 and N4 prob.
amp. in the non-perceptual dimension of the object.
Red-yellow solid lines: perceptual-dimension frame

Black arrow-line: the combined-state vector

Double lightening-bolts arrows: quantum entanglement,
leading to a unified perceiver-perceived quantum system.
Upward wide arrow: intromissive mechanistic causation
causing a transition of the non-perceptual properties in
the perceiver to transition to the random position.
Left-to-right wide arrow: the transition to the random
position of the non-perceptual properties in the perceiver
brings about the collapse of the wave function for the
perceptual properties of the perceived object. This
constitutes the actualization of one of the perceptual
properties in the object relative to one of the dimensions
of the perceiver.

Perceived
external object:
state 2

Perceived external
object: state 1

FIGURE 2.
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