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We examine the role of a conscious observer in a typical quantum mechanical
measurement. Four rules are given that govern stochastic choice and state reduction
in several cases of continuous and intermittent observation. It is found that
consciousness always accompanies a state reduction leading to observation, but its
presence is not sufficient to 'cause’ a reduction. The distinction is clarified and
codified by the rules that are given below. Thisisthe first of several papersthat lead
to an experimental test of the rules, and of the "parallel principle" that is described

elsawhere.

I ntroduction

A free paticle interacts with a detector in such a way that it might be aptured, or
it might pass over the detector without being captured. During the interaction the quart
tum mechanica date of the sygem is given by

F () =y (t)Do + Da(t) D

where y (t) is the incoming/scattered particle wave as a function of time. This function is
corrdlated with a detector state Do that has not captured the particle.  The second
component Ds(t) is the detector dtate that includes the captured particle.  Da(t) is initidly
equa to zero and increases in time, whereas y (t)Do is initidly normaized and decreases
intime.

The first component in eg. 1 is redly a time dependent expansion that describes a
gradud trandfer of momentum from the scattered pat of the wave to the detector,

induding y-components. But because of the macroscopic nature of the detector, these
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details can be ignored; so the detector state Dy is gpproximated by a single congant term
that is factored out of its entanglement with the scattered wave. With Dy normdized, we
have

y O*y (1) + Du(t)* D2 ()} =1

It may be objected that eg. 1 cannot be a superposition of quantum mechanical
dtates because the detector states are macroscopic.  Strictly speaking, each component in
eg. 1 should have an environmental term attached, because the two detector States affect
the radiation or sonic fidd differently. So the first component should read DoEg, and the
second component should read D1E 1, where Ep and E; are orthonorma environmenta
states.

F (t) =y (t)DoEo + Dy(t)E;

The cross tems ae therefore zero when the environment is integrated out, reflecting
environmenta decoherence.  This means that the detector dstates cannot locdly interfere
with one ancother, and this is often consdered to be the defining property of a macro-
scopic system. It is what generdly judifies caling a macroscopic object "classcd”
[1, 2]. But non-interference is not redly a universa property of macroscopic things, for
certain macroscopic systems a low temperatures have been shown to display interference
effects asaresult of cryodatic isolation from the environment [3, 4, 5, 6].

The defining property of a macroscopic system is only that it is 'big. It is no less
quantum mechanical if it lacks inteference terms.  Since a possble phase relationship
between the two components in eg. 1 is of no importance to the problem beng
conddered, that possbility is hereafter ignored together with the above environmenta
terms. In every other respect the detector is a quantum mechanica object that responds
to a quantum mechanicd interaction with the particle | therefore continue to cdl the

sum of componentsin eg. 1 a quantum mechanical superpositior?.

2 Joss and Zeh call the local system an "improper mixture”(ref. 1). | refer to the total superposition because
it isthe system’s quantum mechanical propertiesthat | want to explore.
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The Conscious Observer

My primary assumption is that conscious brains are legitimate components of a
quantum mechanicd system, and that it is proper to ask how consciousness interacts with
the sysem if it is present during an ongoing interaction. Brains, conscious or not, are
subject to the same principles of environmental decoherence as any other macroscopic
object, s0 they are smilarly responsive to the methodology of quantum mechanics. They
just dont display inteference effects.  This treaiment shares Everett's many-world
assumption that conscious brains are ordinary quantum mechanical objects [7], but it
differs in tha the rules adopted below dlow only one of the many-world branches to be

conscious a atime.

Figure 1

We begin by examining the above interaction when viewed by an observer as
shown in fig. 1. The firg sage of the figure shows the particle gpproaching the detector,
where the particle is represented by the shaded area moving to the right, and the detector
is represented by the stationary white rectangle. The observer is represented in the figure

by an eye that is viewing that surface.
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The observer is engaged by radiation coming from the detector. Equation 1 is
therefore amended to include normalized brain states of the observer By and B; that are
correlated with the detector states Do and Dy.>

F(t) =y ()DoBo + D1(t)By
Since the time of Schrodinger's cat it has been congdered unphysicd to imagine a
‘conscious bran dae in superpodtion with something ese. But if the obsarver is
conscioudy looking & the detector from the beginning, and T the interaction proceeds for
a finite time before the detector (possibly) captures the particle, then during that time By
will be conscious and will be continuoudy interacting with the detector. So prior to the
particle being captured, By will be conscious and B; will not be conscious. | denote this
difference by underlining By but not B, thereby amending the above equations to read
F (1) =y (t)DoBo + D1(t)By @)
| cdl B; a ready bran dae, which means that it is physologicdly capable of
becoming a conscious date if and when the detector is stochasticdly chosen (i.e, if and
when there is a capture). There ae therefore three categories of bran dates (i)
conscious, (i) unconscious, and (iii) ready. The latter does not have a classca meaning,
for it occurs only in a quantum mechanicad superpodtion.  The diginction between a
conscious brain dtate and a ready brain Sate is unavoidable if one accepts the possibility
that bran dates can exig in quantum mechanica superpostion, and that only one
component can be conscious a atime. The other components would then be 'ready’.

A ready dae is not unconstious.  An unconscious date is physologicaly
incapable of consciousness as when the observer is adeep or dead; whereas, a ready brain
date is fully capable of consciousness when it is sochadticaly "redized’. Measuring any

quantum mechanica varidble produces an egenvdue that is conscioudy redized, as

3 By is entangled with D and B is entangled with Dy; so strictly speaking, they cannot be represented as the
simple products DBy and D;B;. As before, this is an approximation that is justified by the macroscopic
nature of these states.
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opposed to others that are not. In this case, By will not become "red” unless and until it
is stochadtically chosen to succeed By. That happens when the detector captures the
particle.

A brain state B or B will be understood to be limited to the part of the cortex that
can be st into direct correspondence with conscious experience.  This excludes dl those
parts of the brain that are involved in image processing. These "lower" parts will now be
included in the detector, so the detector in eg. 2 is different than the onein eg. 1.

According to the von Neumann theory of State reduction, it is consciousness that
initiates the reduction of a quantum mechanica date [8]. We see that that is not true, for
the superposition in eg. 2 is not reduced by the presence of a conscious brain gate in one
of its components. However, consciousness is associated with the dtate reduction that

occurs when the detector records a particle capture.

Possible Outcomes

Suppose the particle is detected and observed before the end of the interaction.
This will require a stochastic choice based on quantum mechanica probabilities, and we
will say thet that heppens a atimets.. The state in eg. 2 will then be reduced, giving

F(t=ts) =DiB ©)
In this case, the superposition in eqg. 2 is reduced o that only its second component survi-
ves, consciousnessis transferred to the brain state By, and the interaction is terminated.

The other possible outcome is that there is no particle cagpture during the time of
the interaction. In that case eg. 2 will remain undisurbed, even after the interaction is
complete a time t;. The sysem will therefore remain in a residual superposition given
by

F(t>1) =y (t)DoBo + Da(tr)By (4)
Since the obsarver is only conscious of the firs component in this equation, the existence

of the second (not conscious) component is of no empirica concern, even when there is
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no longer any posshility of a cagpture.  Of course, the form of eg. 4 is potentidly
important to another observer who, after tr, observes the system over the shoulder of the
primary observer. We will see in another section that the second component in eqg. 4 will
be diminated by the mere ‘interactivé presence of a second observer. In addition, we
will see it diminated by the primary observer himsdf when his conscious atention drifts
in any way from the state By. However, for the moment we will leave eg. 4 as it stands.

It isnot empirically wrong.

The Rules

| accept that brain dates can exist in superposition with themsdves, but | do not
accept an Everett-like plurdity of smultaneous conscious components. It is therefore
necessary to find the generd rules that govern the relationship between conscious and
reedy brain dates, conssent with the requirement that only one conscious date of the
observer can be redlized a one time. In paticular, the rules mug tell us how and when a
reduction accurs so as to bring about the outcomes in the previous section. | propose four
rules that | believe are sufficient to describe al the interactions that are congdered in this
and in subsequent papers. These rules are ad hoc in that they are made to fit the cases
dudied. It is my bdief that if and when we find a proper theory of the reationship
between consciousness and matter, these rules, or rules like them, will naturally emerge.

The firgt three rules are adequate to ded with the outcomes in egs. 3 and 4, as
well as severd other Stuations that are described in the following sections. | therefore
begin by introducing just these three. The fourth rule will be offered when it becomes
clear that the first three by themsdves are unable to resolve a paticular difficulty thet
arises.

A centra concept in rule (1) is probability current J, which is defined to be the
time rate of change of square modulus. Probability in this trestment is introduced only

through the current J.
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Rule (1): For any subsystem of n components in an isolated system with a square
modulus equal to s the probability per unit time of a stochastic choice of one of those
components at time t is given by (SnJn)/s, where the net probability current J, going into

the n' component at that time is positive

Rule (1) puts no limit on the kind of date that is chosen, so long as J > 0. It will
apply to any interaction in any representation. There is no need to say that it applies only
to irreversble interactions, or to components representing macroscopic objects, or to
objects that lack the possibility of interference.

| cannot say why Nature should harbor such a triggering device any more than |
can sy why Nature should make use of intrindgc probability. But if probability is naturd
to a physcd system, then so is stochadtic choice.  With this underdanding, | would say
that rule (1) adds nothing that is not dready implicit in sandard quantum mechanics,
except that the underlying notion of probability is shifted from the square modulus to the
probability current. In rule (2) an active bran date is one that is ether conscious or

reedy. Itisactively engaged with the apparatus.

Rule (2): If the Hamiltonian gives rise to new components that are not classically
continuous with the old components or with each other, then all active brain states that
are included in the new components will be ready brain states.

This rule provides for the introduction of reedy bran dates. For example if a
conscious brain state B interacts with an apparatus state Ay, then the product of indepen+
dent states AxB will lose amplitude to the entangled state AxB.

AB becomes AB + AcBx
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As before, | write the result AxBx as a smple product for ease of recognition. It is a good
gpproximation for these macroscopic states. The emerging state Bx must be a ready brain
dtate according to rule (2).

In another example, an unknown brain state X interacting with a superposition of
apparatus states A, + Ag, Will give rise to another superposition

(Ar + A9X becomes (A + A9X + AB + ABs
where the created states By and Bs must be ready brain dates. In the present paper, dl
different brain states will be discrete. In a future paper we will consder brain dates to be
a continuum in which close neighborhood states are not discrete.

The third rule describes the collgpse of the wave function associated with
messurement.  This wave collapse, or state reduction, does not interrupt the Schrodinger
process, and it does not modify the Hamiltonian or withhold its continuous application. |
regard the collgpse as an abrupt change in the boundary conditions on the solutions of the
Schrodinger equation, and that is dl. This is what an observation does. It adds new
information.  That information abruptly changes the physica context, and hence, it
abruptly changes the Schrodinger solution. It does not change the evolutionary process
itsalf.

Rule (3): If a component that is entangled with a ready brain state B is stochastically
chosen, then B will become conscious, and all other components will be immediately

reduced to zero.

This rule does not provide for renormalization after a dochastic choice. One
might include that requirement for convenience, but it is not necessary. We will continue
to normdize By, By, and Do, but not F (t) following a stochedtic collapse. If  rule (2) is
followed as dated, the probabilities will work out correctly without a normaization

requirement.
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Rule (3) does not say that aready brain state must be present for there to be a state
reduction. One might suppose that a dtate reduction can occur in eg. (1) without the
presence of a conscious observation of any kind, but 1 do not believe tha will ever
happen. | believe that a stochastic trigger will have no consequence unless, through rule
(3), a ready bran date is both avalable and sochastically chosen, followed by a
reduction that favors the chosen date. My view is Smilar to one expressed by von
Neumann and Wigner that attaches fundamenta importance to conscious observation.

All of the examples that | present in these papers reflect this understanding
because they al ded with reduction in the presence of an observer. If the reader believes
that this thinking is to narrow, he is welcome to generaize rule (3) to describe a reduction
in the absence of an observer. There are many problems associated with a generdity of
this kind, principally the question of representation and basic eigendtates. | dispose of
these questions by specidizing the rule as | do. In any case, there can be nothing wrong
with my limiting this sudy to cases in which an observer is present. We know what the
conscious experience is in these cases, so we are in possesson of the experientia ‘facts .
A broader interpretation of rule (3) should not invaidate these facts or contradict the way
| put them into aforma framework.

The *possible outcomes of the previous section follow from these rules. Rule (1)
explains why the first (conscious) component in eg. 2 is not selected for a reduction that
eliminates the second (non-conscious) component. It is because current flows out of the
firg one meking J < 0. Rule (2) insures that eg. 2 is not a superposition of two conscious
dates. Rule (3) tells us why the conscious state B, survives the collgpse resulting in
eg. 3. It is because the postive flow of current into the ready state B; permits a sochastic
hit, and that causes the state to become conscious and to be the sole survivor of the
reduction. These rules therefore describe the expected outcomes of the interaction. They

explain much more as will be shown.
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| make no atempt to physologicaly define a conscious brain date or a ready
brain state; but however that is done, their role as basis dates is a matter of importance to
quantum “epistemology”, even in the Copenhagen interpretation. Stapp makes the point
that according to Copenhagen, the observer "who stands outsde of the Hilbert space
dructure decides how he will set up the experiments, and this decison fixes the ‘bass
(states)" [9]. Something beyond the Schrodinger process is surely necessary to fix the
bass, and that is taken by Copenhagen to be the observer's experience of the apparatus.
In the present treatment the bads is fixed in the same way, and is made explicit in
rule (3). Only through rule (3) does the trigger have subjective redity implications, and
that happens only when the trigger hits a ready bran dae that originaes in rule (2).
When a choice like that is made, the chosen state becomes a conscious dtate, establishing
anew boundary condition on Schrédinger's equation.

It is apparent that consciousness is an important player in the above interaction.
However, the rules do not represent it as having a 'causal’ influence of any kind. The
sochastic choice of a ready brain date is sad to do two things. It makes that dtate
conscious and reduces al others to zero. Consciousness is said to appear in these
crcumgances, but it will have no effect of its own on the physcd sysem. The rules
therefore preserve the traditional epiphenomend nature of consciousness. Of course, a
rule (3) reduction depends on the existence of a ready brain state. To that extent, the
observer is an essentid part of the methodology; and thet is a departure from standard
interpretations in the direction suggested by von Neumann and Wigner.

Future papers will add two more rules to the four given in this paper. The
additiond rules are specific to a modd of the brain that takes account of the continuous
nature of bran dates The firgd of these additiond rules merdy expands rule (3) to
accommodate the continuum case.  The find rule that we add will give consciousness a

causd influence that should be measurable in principle.  Therefore, the dructure that is
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developed here has eventua consequences that are experimentaly testable in principle.
See the find section of this paper.

A Terminal Observer

Going back to the bare interaction in eg. 1, the question is. do the above rules
adequately describe the expected results of a termind observation in this case? Are they
adequate to the usud findings in a physics laboratory where an observer only comes into
the picture when the interaction is complete? After the find pass-over time tr, the system
ineg. 1 dabilizes at

F(t> tf) =y (t)Do + Da(tr)
This superposition will be reduced when it interacts with the observer after time ti. As
before, a ready state By will become correlated with the 'no capture’ detector state Do, and
B: will become correlated with the ‘capture detector state D;. The state X given beow in
eg. 5 is an unknown brain date of the observer prior to his turning his atention to the
detector. State X will not be a ready brain state®. Then according to rule (2), the system
after theinitid interaction & time top > tf IS
F(t= top> tr) =y (t)DoX + Da(tr)X (5)
+Yy '(t)DoBo + D1'(tr)B1
where conscious states do not yet appeared, and the primed states in the second row are
equa to zero at the moment of observation. Immediady after thet, the probability
currents of the unprimed components will be negative, and the probability currents of the
primed components will be postive
Jo<0andJ; <0 Jo'>0andJ'>0

“ If the terminal observer's initial X state is either conscious or unconscious, it is that state that will be
"converted" to the new experience when the interaction begins, and not an associated ready brain state.
Rule (4) will provide areason why X cannot be aready brain state.
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Inasmuch as the initid date is normdized, rule (1) with n = 1 tels us that the
probability of a sochadtic hit in time dt is equa to Jo'dt for the first primed component in
eg. 5, and J;'dt for the second. According to rule (3), the first hit that occurs will cause
the affected brain state to become conscious, yidding either By or Bi, and will reduce the
other states to zero.

We dso know that there will be at least one stochadtic hit on the sysem. Rule (1)
withn = 2 gives

(dt [Jo'+AT=1
where currents Jo' and J;' are assumed to flow until the observer's physologica inter-
action is complete.

The integrated probability of 1.0 insures at least one stochadtic hit.  Furthermore,
there will be no more than one hit because the reduction resulting from the firg hit will
reduce dl other components to zero. A second hit on the component that is aready
conscious is meaningless.  Therefore, dropping the prime and the time dependence, the
find date of the system after reduction at ts. will be @ther

DiB: (6)
or Y (t =t > top > tr)DoBo
depending on the stochastic choice.  Both reductions occur with a total probability given
by their square moduli at time t.

The termind result in eg. 6 is the one that is mogt familiar in a physcs laboratory.
The firg row is identica with eg. 3, and the second is identical with eg. 4 so far as the
observer is concerned, inasmuch as he is unaware in eg. 4 that he is pat of a resdud
superpodtion.  These results are therefore in (empirical) agreement with the possble

outcomes dexcribed above for an observer who watches the interaction from the

beginning.



Consciousness. Rules of Engagement — R. Mould 13

An Intermediate Observer

Suppose the observer first looks at the detector after the interaction has begun, but
before the particle has stopped interacting with the detector. The observation will then
occur sometime after D4(t) in eq. 1 has acquired a finite vaue, and while current into that
component isgill postive. The equation isthen

F (>t =top) =y (t)DoX + Dy(t)X (7)
+y '(t)DgBo + D1'(t)B1
where By and B; are the ready brain states of the observer, and where y '(t) and D'(t) are
zero at top.  State X is again the unknown brain date of the observer prior to turning
attention to the detector; where again, it cannot be aready state (footnote 5).

Current flowing verticdly from the firs row to the corresponding component in
the sacond row is the result of the physologicd interaction. It might very wel give rise
to a stochastic choice of D;'B; @ some time tss, in which case the entire process will be
brought quickly to an end. Dropping the prime and the time dependence, only the
component D1B; would then survive.

F (t = tsca > ton) = D1B1 8
This reflects the possbility that the particle has adready been captured when the observer
makes his gppearance.

The other primed component might be sochedticaly chosen, and that would
sect y (1)DoBy (dropping the prime) a a time tgo in the midde of the primary
interaction. A mid-stream collgpse of this kind is not unphysica. It amounts to darting
over a a time when the function y (t) has passed over the detector to some extent without
a paticle capture. A physicig might very well look at the detector in the middle of an
interaction, note that the particle has not yet been detected, and determine the initid
conditions to be given by the solitary component y (t)DoBy darting & the new time tso.
The interaction would proceed from there to give

F (tr >t = tsco > top) =Y (t)DoBo + D1"(t)By
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where D;"(t)B; is equd to zero a tso. If there is another stochadtic hit a a time t', the

system will become
F(t=ts1 >tso>ton) =D1B1 9)

Equations 8 and 9 are two separate routes to a particle capture.  The totd
probability of their occurrence is equa to the probability that there was a capture prior to
the intermediate observation, plus the probability of a subsequent capture.

The remaning posshility is that the interaction terminates without a second
sochadtic hit at ts1'. Dropping the double prime, the resdua superposition

F (t>t;>ton) =Y (t)DoBo + Da(tr)B: (10)
will then persast beyond t;, and will last indefinitely asit did in eg. 4.

There are therefore two consequences of an intermediate observation. The obser-
ver will ather experience a capture (egs. 8 and 9), or he will experience no capture and
will continue until the end of the interaction as pat of the resdud superpodtion in
eg. 10. The observer’s experience after top is therefore identica with that of an observer
who was on board from the beginning. As in that case, we cdlam and will show beow
that the second component in eg. 10 will be eiminated by a second observer, or by drift

consciousness of the primary observer.

An Outside Terminal Observer - Rule (4)

If another observer looks a the apparatus a some time tq, after the interaction has
terminated in the resdud superpostion of eq. 4 or eg. 10, we will have according to
rule (2).

F(t= top>tf) =y (t)DoBoX + D1(tr)BLX (11)
+Y '(t)DoBoBo + D1'(tf)B1B1
where the primed components are equd to zero a to,. The brain gates of two observers

will appear as a product such as B X, where the fird refers to the first observer and the
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second refers to the second observer. In this case, B; is the ready bran date of the
primary observer, and X is the unknown brain state of the outsde observer prior to his
interacting with the detector. The state X could be ether conscious or unconscious, but
not ready as per footnote 5. Equation 11 paralels eq. 5, except that the outside observer
isnow in the process of coming on board with the primary observer.

The second component in eg. 11 seems to contribute postive current to the fourth
component, and that ®uld result in a sochagtic hit on the capture state D;'(t;)B1B; after
the particle has passed over the detector. This is not possble, for the primary observer
cannot witness a capture after the primary interaction is has been terminated. The rules
apparently adlow an anomaous capture of this kind, and we mus to do something to

insure that that does not happen. Rule (1) prevents it from happening.

Rule (4) A transition between two components is forbidden if each is an entanglement

containing a ready brain state of the same observer.

An interaction between a ready brain state and a conscious or unconscious date is
not affected by this rule So the primary interaction between the firg and the second
component in eq. 11 is preserved, as is the physiologica interaction between the firgt and
the third components. However, rule (4) dtates that a primary interaction is not possible
between the third and the fourth components, and that a physologica interaction is not
possible between second and the fourth components. In addition, there is no term in the
Hamiltonian that directly connects the firs and the fourth components. Therefore, the
fourth component D1'(tf)BiB1 in eg. 11 does not belong there at dl, for it cannot interact
with any of the other components.

The fourth rule does not just say that there is no interaction between ready brain
sates  That mild requirement would dlow a transition from X to By (2" to the 4™

component), or from By to B; (3 to the 4" component). The rule is much stronger. It
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forbids any trangtion that carries a ready brain dtate into itself, or into another ready brain
dtate of the same observer.

Rule (4) solves the anomdy problem. The absent component D;'(tf)B1By cannot
possibly be chosen, so the there wil not be an anomaous capture of the particle after t;.
It is dso too late (after t;) for a trangtion to the second component. Therefore, the third
component is the only candidate for stochastic choice. Therefore, the third component is
the only cadidate for stochastic choice. Furthermore, rule (1) assures that it will be
chosen.

The origind date in eg. 11 is F (to) = y (t)DoBoX, and current goes from that State
into the second and third components of eg. 11. From rule (1) with n = 2 we have

(dt [J+Jo] =1
where currents Jx and Jp flow into D1(t)BiX and y '(t)DoBoBo. The time integrd extends
from tp to the end of the phydologicd interaction when the origind dSate is entirey
depleted. Since it is dipulated that the second component Di(f)BiX in eq. 11 was not
chosen during the primary interaction, the third component y '(t)DoBoBo must be chosen at
ometimets:.

From rule (3), the third component will then become y (t = ts > tf)DoBoBo, and the
interaction will be complete with the outsde observer on board with the primary
observer. This has the effect of diminating the superfluous (capture) component, so the
gysem is no longer a resdue superposition.  And most important, there will be no
anomalous capture.

In a gmilar way, any resdual superposition can be reduced by the presence of an
outsde observer, thereby removing the superfluous component in the superposition. The
rule dso explains why the unknown sate X appearing in egs. 5, 7, and 11 cannot be a
ready brain date as clamed in footnote 5. It is because a ready brain sate is forbidden

by rule (4) to ddiver current to the primed states gppearing in the second row of each of
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those equations. In the second paper in this series, rule (4) forbids other anomdlies that
are different in kind from the one described above.

There are now three features of a ready date that distinguish it from a conscious
date. (i) it is not-conscious, (ii) it can be made conscious by a stochagtic hit, and (iii) it
canot interact with others of its kind. It is not my generd intention to propose
physiologicd mechanisms, but there is one suggestion that may help understand what
might be going on.

Imagine that each reedy brain state of an observer includes a physologicd fegture
that |1 will cal a stop, and require that an interaction is forbidden between any two States
that possess a stop (i.e., between two ready brain states of an observer). Current can flow
into or out of a stopped sate, but it cannot flow between two such dates within one
obsarver. Imagine dso tha this same physologica difference between a ready sate and
a conscious date is aufficient to explain the inability of a ready dae to be conscious.
And findly, imagine that when this date is sochedticaly chosen the stop is disabled, and
this alows the date to become conscious, and to interact more normaly with other states.
Although | do not explicitly propose this mechanism, the conjecture illustrates how a
correct understanding of the rules governing psycho-physica interactions might help to
narrow the congraints on the Hamiltonian of a conscious brain.

Reviewing the effect of rule (4) on previous cases, we note that it produces no
change in the termina observation of eg. 5, or in the intermediate observation of eq. 7,
except to vdidate the clam that the state X on the first row of these equations cannot be a
reedy bran state. We did not previoudy consder the posshility of a stochastic choice
arigng from a current flow from the third to the fourth component of eg. 7. This poss-
bility is now explicitly forbidden by rule (4).
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An Intermediate Outside Obser ver
Suppose an outsde observer makes an observation during the primary interaction,
and before a particle capture, looking over the shoulder of the primary observer in eg. 2.
If top refers to the time of this observation, then the moment the outside observer interacts
with the detector, the system becomes
F (>t = top) =y (t)DoBoX + D1(t)B1X (12)
+Y '(t)DoBoBo
where there is no posshility of a fourth component because of rule (4). The primed
component is again equa to zero & top.
If there is a stochadtic hit on the second component in eg. 12 & time tsx, the result
will be
F (t; >t = tey > top) = D1(t)BiX
This corresponds to a particle capture that occurs before the physiologica interaction is
complete. Since that interaction is il in engaged, thiswill leed directly to
F (t > t = teoc > top) = D1(t)BiX + D1'(t)BiBy
where D;'(t)B1B; isequa to zero at tox.
The only thing thet can follow is ancther stochadtic hit at ts1, giving
F (t = tees > tee) = D1B1By (13)
thereby completing the measurement.
If, on the other hand, the third component in eg. 12 is the first to be stochastically
chosen at tsco, the reduction will be
F (t; >t =tsco > top) =Y (t)DoBoBo
where the prime on y (t) is dropped. Since the primary interaction is 4ill affective, this
will become

F(ti >t =tso > top) =Y (t)DoBoBo + D1"(t)B1B1 (14)
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If there is a second stochagtic hit before the particle interaction is complete a ts,
the result will be identical with eg. 13. However, if there is no capture before t;, the
residual superposition

F(t>t) =y (t)DoBoBo + D1"(tr)B1B1 (15
will remain in place as it did in egs. 4 and 10. As in those cases, the second component
sarves no further purpose a this time, and will be removed by the appearance of a third

observer as was previoudy shown, or by drift consciousness aswill be shown below.

Drift Consciousness
Even though an observer may have a deady eye, his atention is bound to drift
dightly to neighboring brain dates that continue to interact with the detector. Suppose
the obsarver in eg. 2 lets his mind wander to a neighboring brain date that ill dlows
him to be aware of Do, but not in the same way. The neighboring sSate may regard the
detector from a dightly different angle, or it may incdude quditative differences that have
more to do with the observer's emotiondl dtate than anything else.  In any case, a new
bran gate will become avallable through a physologica process that phases out By and
gives rise to a new brain date that dso interacts with the detector. The Hamiltonian will
direct the drift that goes from the origind brain state to the neighboring states represented
as
F (t>to) =y (t)DoBo + D1(t)B1 (16)
+y '(t)DoBoa + Yy "(t)DoBob
+y "(t)DoBoc + EtC.
where B, By, B, €ic. are quditatively different from the gven brain Sate.
Probability current will flow out of the fird component in eg. 16 into dl of the
other components. Rule (4) forbids current flow to captive States of the dternative brain

dates. If one of the primed components is stochagticaly chosen a some time tg;, there
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will be a reduction following rule (3). Assuming that the double primed component is
chosen, we will have

F(t=tsx) =y (t)DoBob 17)
where the primes are now dropped. The drift process will begin again sarting a the new
timets, giving

F(t=ts) =y (t)DoBob + D1'(t)Bub
+y "(t)DoBog + EtC.

where dl but the fird component are zero a time tg.. S0 a sysem that begins with the
first component of eg. 16, becomes y (t)DoBop in €g. 17 a some laer time. The effect of
drifting is therefore to renew the system a anew drift Ste at a new time, and to continue
the 'primary’ interaction stating & that time.

If eq. 16 were a resdud superposition, the drift result would be eg. 17 without the
posshility of a new capture sate such as D;'(t)Bip.  This means that drifting will
eiminate the superfluous component of a resdud superpodtion as previoudy clamed.
We have seen that a second observer has that effect; and apparently, the primary observer
can do that dl by himsdif.

When | spesk of the above physiologicd drifting | do not mean the eye mation
that produces a jitter of the retina with respect to a visud image. That motion is part of
the image processing that is consdered here to be included in the detector, and is not
perceptible in consciousness. A brain state denoted by B or B in this paper refers to a
higher corticd gate in which dl image processng is complete, so the above result can be
st into direct correspondence with conscious awareness. It is the variations in this direct
awareness thet | say resultsin drift consciousness.

On this drift mode, the neighborhood dates in eg. 16 are finitdy separated from
one another. Although the ready brain Sates in that eguation are didtinct, they evolve in
an ordely quantum mechanicd way tha is governed by the Hamiltonian, wheress,

conscious dates gppear discontinuously when there is a stochastic switch from one brain
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dete to the next. In a future paper we will congder the case in which neighboring brain

dates are differentidly close together.

Phantom Component

It has now been shown that the second component of a resdua superposition can
be washed away by the presence of another observer, or by drift consciousness on the
pat of the primary observer. That component has rule (1) physicd sgnificance as long
as current flows into it from the first component; but the moment that current stops, it is
no longer a physcdly meaningful quantity. It becomes a phantom component of the
superpostion. It certainly does have a nontzero square modulus, but that is not
interpreted as ‘probability’ in this trestment. Of course, a physicist may want to integrate
current flow to cdculate tota probability, but the vdidity of that procedure does not
mean tha Naiure gives intrindc meaning the absolute vaue of square modulus. In the
case of a phantom component, square modulus may be said to represent the probability

that the component might have been stochastically chosen, but was not.

Drifting Away

If the observer drifts into unconsciousness by some process such as fdling adeep,
then the process will begin in the same way described above. The difference is that the
Hamiltonian will lead the system into a part of the brain that is not cgpable of supporting
ready brain states, and cannot become conscious. In that case, the Hamiltonian will drive
the "lat" conscious component to zero a a time t, insuring a decisve exit of
consciousness.  For instance, suppose that al of the primed brain dates in eq. 16 are
unconscious.  If the Hamiltonian drives the first row to zero before the cepture date
Dy(t)B; can be dochedicdly chosen, then the remaning sysem will condst of the
lingering superposition

F(t) ={y '()Do +y "(t)Do +y ™(t)Do + etc.}U
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where U is the newly acquired unconscious state of the observer.®> This leaves the system
in an eaborate superpogition of detector states. Since dl the times in this egquetion are
equd, it can be smplified to read

F(t=t)={y (t)Do + Dy ()} U
where D4'(t) is equd to zero at t,. This equation is identical with eg. 1, except that the

unconscious observer is now independent of the interaction.

Fast Interaction

Nothing has been sad &bout the primary interaction time compared to the
physiologicd interaction time. To take account of a fast primary interaction, a more
complete description of the detector is necessary.

As previoudy explained, the detector includes the observer, except for the part of
the cortex that can be set into direct correspondence with conscious experience. It
includes dl image processng. The detector therefore requires at least physiologica time
to do itsjob. Let it be represented by D(a, b, g, ..., w)wherea, b, g, ..., w areinternd
vaiables. In that case, current flowing into the detector will first cause a to pulse, then
b, and eic. When this input is ‘impulsve it will be carried dong by the other varigbles,
Soreading as it goes, and ariving a the ready bran gte long after the highly locdized
and fast moving particle has passed by the detector. Therefore, it is not unreasonable to
suppose that dl of the primary interaction times in the examples in this paper (governing
the horizontal flow) are executed in physiological time, or longer.

A Co-Observer
Findly, condder what would heppen if a co-observer paticipated in the

interaction with the origina observer. Let the scintillation area of the detector be divided

® Factoring out U is an approximation, inasmuch as the U of each component is entangled with its own
detector/particle state.
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into two pats. We then have two separate brains, where the firs bran in each
component of eg. 18 looks at the first detector area, and the second brain looks at the
second area. As soon as the detector becomes entangled with the brain states of each
obsarver, theequivdenttoeg. 2is

F (t) =y (t)DooBoBo + D10(t)B1Bo + Do1(t)BoBy (18)
where the detector state Doo displays no captured particle, Dyp displays the captured
particle in the first area, and Doy displays the captured particle in the second area. The
dud brain sate BoBo represents the first observer experiencing no scintillations in te firs
area of the detector, and the second observer experiencing no scintillations in the second
area of the detector. If ether one of the dud ready bran components in eg. 18 is
dochedtically chosen a time tg, then both sates will qudify under rule (3) to achieve
consciousness. Thiswill lead to ether

F({t>ty) =D1oBiBo or  F(t>ts) = Do1BoB1
If the superpostion in eg. 18 survives the interaction, it will be reduced to the date
y (t)DooBoBo as a consequence of a third observer or drift consciousness on the part of
either one of the observers.

The above results can be generdized to aoply when there is more than one
paticle in the wave y (t). In that case, components with detector states of the form D,
will gppear in product with the particle wave diminished by m + n particles, where n is
the number of paticles driking the firsg scintillation area, and m is the number driking

the second scintillation area.

Discussion

The purpose of this paper is to describe what must happen when a conscious
observer witness a quantum mechanicd interaction, and to find the smplest rules that
codify the results in different Stuations. The underlying assumption is that macroscopic

brans (conscious or not) ae legitimate components of a quantum mechanica
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superposition, and that Everett's thess is not a congderation. To accomplish this, four
rules are given that describe how brain dates affect the reduction of quantum mechanica
systems.

These rules do not explicitly require that only one brain state of an observer can
be conscious a one time, but they do manage to bring about that result. The absurdity of
indefinitdy meany-worlds of consciousness is thereby avoided. The many-world feature
is here trandferred to ready brain dates that perform a nonrtrivid function in this
treatment. These dtates are on standby, ready to take over the role of consciousness if and
when they are dochadticdly chosen.  When chosen, they contribute "rea” boundary
conditions that govern the solutions of Schrodinger’s equation.

In a following paper | apply these four rules to the Schrodinger cat experiment,
and they give the normaly expected results [10]. This case dso dlows us to consder
how the rules gpply to two sequentid interactions, and to two pardld interactions. The
cat paper will be followed by two more papers that include two additiona rules that are
gpecific to a continuous mode of the brain [11, 12]. The first of these rules {cdled rule
(33) inref. 11} isan extenson of rule (3) that is specific to a continuous brain.

The rules given in the present paper preserve the traditional epiphenomena nature
of consciousness, for consciousness is not here given a causd role of any kind. 1t Smply
appears when it is required to appear. However, the last of the continuous brain rules
(cdled rule (5) in ref. 12) gives consciousness a causad role. It is structured in a way that
dlows von Neumann's psycho-physical parallelism to naturdly occur (ref. 8). That is,
the lag rule enforces the paralle principle that underlies and makes possble the
evolution of a psycho-physica pardldism in any conscious species [13].  As a reault,
consciousness has an effect that is messurable in principle. The author has dready
proposed an experiment that tests the pardld principle, so it implicitly tests the Structure
defined by al of these rules[14].
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