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In a previous paper we examined the role of a conscious observer in a typical

guantum mechanical measurement. Four rules were given that were found to govern
the stochastic choice and state reduction in several cases of continuous and
intermittent observation. It was shown that consciousness always accompanies a
state reduction leading to observation, but its presence is not sufficient to 'cause’ a
reduction. The distinction is darified and codified by the rules that are repeated
below. In this paper, these rules are successfully applied to two different versions of

the Schrédinger cat experiment.

Introduction

In the previous paper [1], an interaction was studied involving a particle passng
over a detector with a probability that it will ether be captured, or that it will pass
undetected. A conscious observer witnesses the detector a various times during the
interaction.

It was found that when a conscious observer follows the evolution of the
detector's date, consciousness dways accompanies the state reduction associated with a
measurement of the particle During the severd cases tha were investigated,
consciousness was found to switch from one detector state to another at on the occasion
of astochastic choice.

Four rules were proposed in the previous paper that correctly describe the

expected outcome in dl these cases. The first of these rules, given below, refers to the
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probability current J that flows into a date. The current J is defined to be the time rate of

change of the square modulus.

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 (SpJn)/s, where the net probability current J, going into

the n'" component at that time is positive

The ready brain state referred to in rule (2) is defined as one that is not conscious,
but is physologicdly cgpable of becoming conscious if it is dochedticdly chosen.  An

active brain gateis one that is either conscious or ready.

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.

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.

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

containing a ready brain state of the same observer.

The purpose of the present paper is to apply these rules to two versons of the
Schrodinger cat experiment.  Verson | is a somewhat modified formulation of that

famous puzzle. It usudly involves a cat being placed on two components of a quantum
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mechanical superpogtion, where it is dive on one component and dead on the other.
This didinction is ambiguous because an dive ca can be unconscious, in which case it is
every bit as inert as a dead cat. The digtinction used here is that the cat is conscious on
one component of the superpostion, and unconscious on the other. In verson Il, the cat

beginsin an unconscious state, and is aroused to a conscious state.

The Apparatus

The apparatus will consst of a radioactive source and detector that will be
denoted by either Do or D;, where the first means that the detector has not yet received a
decay particle, and the second means thet it has. The detector output will be connected to
a mechanicd device that caries out a certain task, such as a hanmer fdling on a
container that then releases an anesthetic gas.  This device will be denoted by M(a, t),
where a indicaes the extent to which the task has been completed, and t is the time.
DoM(ao, t) means that the source has not yet decayed at time t and that the mechanica
device is 4ill in its initid podtion given by ao. DiM(ai, t) means tha the decay has
aready occurred by the time t, and that the mechanica device has advanced to a position
gvenby aj;. Let lp be an indicator tha tells us that M has not completed its task, and |1
tells us thet it has. Then D;M(a1, t)lp means tha the device has not completed its task at
time t. When a = a;, we will say that the device M has fully run its course, so
D:M(a;, t)l1 means tha the source has decayed, and that the mechanica device has
completed its task at time t as indicated by a; and by the indicator 1;. We also suppose
that the source is exposed to the detector for a time that is limited to the haf-life of a
sngle emisson. At tha time a clock will shut off the detector, so it will remain in the

state Dy if there has not yet been a particle capture.
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The sysem at to = Oisthen: F (to) = DoM(ao, to)lo, and in timeit becomes

F (t = to) = DoM(@o, t)lo + ¢ dzD:M(a, t)lo + DiM(ar, t)lz (1)
where ¢ dzD1M(az, t)lo and DiM(as, t)l1 are zero at to, and z coverstherange 0 = z < f.
The ggnificance of the integrd is that a some time t there is a spread of aphas that
represent the possble date of the mechanicd device a that moment.  Although the
device is a dasscad object, there is a quantum mechanica uncertainty as to when it
begins its operation. The function M(a,, t) is therefore a pulse tha represents that
uncertainty moving dong the + z axis. As time progresses, the second component in eg.
1 and then the third component will gain in amplitude, but the third component cannot do
that until after atime T tha corresponds to the time it takes for the mechanica device to
complete its task.

Since we arranged to have the firss component decrease for a time equd to the
hdf-life of a sngle emisson, its square modulus will dabilize to a condant vaue of 0.5
a that time, assuming that eq. 1 is normdized. After that, no new current will flow into
the second component, so its amplitude will fall back to zero as the pulse in M(a, t) runs
out dong + z. When M(a,, t) findly goes to zero, the third component will reach its
maximum vaue. In the end, the fird and third components will survive, each with a

sguare modulus equd to 0.5.
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Sequential Interactions with an Observer

This apparatus involves two sequentid interactions. the radioactive decay and the
operation of the mechanical device. The previous paper (ref. 1) did not consder more
than one interaction, o before inflicting this apparatus on a cat, we will see how te rules
work when an outside observer withesses the apparatus in operation.

Let the externad observer look a the apparatus a some time top, after the process
has begun. Equation 1 will then become

F (t = tor) = DoM(@o, t)loX + ¢ dzD:1M(@z, t)loX + DiM(ar, )X )

+ DoM'(ao, t)loBp + ( dzD;iM'(a, t)loBi+ DiM'(as, t)11B;
where X is the unknown brain state of the observer prior to the observation, and By and By
are normalized ready brain dates of the observer that perceive Dy and D; respectively.
The three ready brain components are zero a top, and theredfter receive current from the
corresponding component in the firsd row of eg. 2 Tha current is due to the
physiologicd interaction that occurs when the observer interacts (eg., visudly) with the
apparatus.

Rule (1) with n = 3 (tresting the integra as one component) requires that the time
integrated current flowing into the second row of eg. 2 must equa 1.0. So one or the
other component must be eventudly chosen. We take them in reverse order.

If the observation occurs &fter time T, current will have flowed into the last
component D;M'(a;, t)11B; of eg. 2. If that component happens to be stochadticaly
chosen a a time tgf, then the ready state B; will become conscious, and following
rule (3),

F (t = tet > ton) = DiM(a)liBs



Schrédinger’s Cat: The Rules— R. Mould 6

This will complete the interaction. It corresponds to the observer coming on the scene
when the mechanica device has dready finished its task. As in the previous paper,
underlining a brain sate such as B; meansthat it is a conscious Sate.

The fifth component in eq. 2 containing the integrd is a continuum of components
in the variable a, a time t. If one of those components is stochadticaly chosen a a time
tsc1, the corresponding vaue as; will be sdected a that time. That choice will make B;
conscious, and following rule (3), the system will become

F (t = ts1 > ton) = DiM(asa)loBr ®))

From this point on the observer will track the behavior of the mechanicad device
like a classcd obsarver. The Hamiltonian will carry the mechanica device through its
paces from a1 to a; while the conscious observer B; remains focused on the detector
state D;.

Ancther posshility is that there will be a dochastic choice of the fourth
component in eg. 2 & atime tgo. According to rule (1), this can only happen while that
component is 4ill increasing; and that can only happen before the radioactive source has
reached the sngle emisson hdf-life time ti2, inasmuch as the detector is cut off at that
time  Assuming that this time has not run out, and that the fourth component is
stochasticaly chosen, then By will become conscious, giving

F (tyz >t = teo > ton) = DoM(a0)loBo
This corresponds to the outsde observer coming upon the apparatus before the
radioactive source has decayed. The system will then continue to evolve, arting a the
new time,

F (t1/2 >t =1tg0> tob) = DoM(ao, t)|0§0 + D]_M"(ao, t)|oBl (4)
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where DiM"(ao, t)loB1 is zero a tso. This component will not take the form of an
integrd over a, because the Hamiltonian will only connect the firs component with the
second component in eg. 4; and in addition, rule (4) will not dlow a sdf-generating
successon of ready brain dates. That is, a trangtion to a component a, containing a
ready brain date B; is not dlowed if it can only come from another component a;'
containing the ready bran sate B;. Consequently, the component a cannot be skipped
over as the mechanicd device begins its operation. The sgnificance of this is discussed
in the last paragraph of this section.

If the second component in eq. 4 is stochadtically chosen a time ts:;' such that
t12 > tser' > tseo, then the syslem will again be reduced, giving

F (tyz >t =tsa' > tso > top) = DiM(ap)loBy
From this point on, the observer will track the classca behavior of the nechanicd device
as happened following eg. 3. Inthiscaseit beginswith a.

And findly, if the fourth component of eg. 2 is stochadicdly chosen but the
second component of eg. 4 is not chosen, then the first component (of eg. 4) will run out
the hdf-life time on the cock, rendering its output current equa to zero. When that
happens eg. 4 will gabilizeto give

F (t =t12) = DoM(ao)loBo + D1iM"(a0)loB: 5)
where each component has come to the same congtant square modulus. The continuing
exigence of this residual superposition is not unphysica. It is like smilar cases in the
previous paper (ref. 1) where the conscious observer on one component is unaware of the
other (not conscious) component. It was shown in that paper that the rules require
another reduction if a second observer looks in on the scene in eg. 5, or if the conscious

atention of the primary obsarver is dlowed to drift in any way. This reduction will
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eliminate the second component in eg. 5. We @l this a "phantom” component because it
servers no further purpose a this point. Equation 5 therefore corresponds to the observer
finding the detector in the state Do with the clock run out.

The cdock limiting the detector is set to equd the hdf-life of a single emisson,
and this means tha there is a 50% chance that the system will be given by eg. 5. That
will happen if a sochastic choice of the fourth component of eg. 2 is chosen a time tgy;
and if subsequently, the stochastic choice of the second component in eg. 4 is not chosen
a time ty1. Otherwise, there is a 50% chance that the outside observer will witness the
mechanical device complete its operation to the end.

It should be noted that rule (4) saves us from another anomay that is different in
kind from the one noted in the previous paper. If the second component of eg. 4 were an
integral over a, eq. 5 would never be able to stahilize as a resdud superposition. That's
because a pulse of ready brain states would then run through the second component, and
its leading edge would be continuoudy receiving current from the traling edge The
pulse is not normdized, but since it keegps usng the same current over and over again,
rue (1) guarantees that there will be an eventua sochagtic hit on a ready bran
component within the pulse. That guarantees a reduction in which the firs component in
eg. 5 would become zero. This is an anomaous result because it would prevent the

observer from ever finding the detector in the state Do with the clock run out.

Version |

We now replace the indicator in eg. 1 with a cat that is initidly in the conscious
state Cp as shown in the first component of eg. 6. The mechanicd devise is one that will
render the cat unconscious, as represented by the state U in the last component of eq. 6.

As in the previous paper, we require that the lower physologicd functions leading to U
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are incdluded in the variable a of the mechanical device, just prior to its reaching as. This
means that the mechanicd device in eq. 6 is different to this extent from the device in
€. 1. Before astochastic choice occurs, the system would then apparently be given by
F (t = to) = DoM(ao, t)Co + ¢ dzD:M(a, t)C1 + DiM(ar, t)U (6)
where the last two components are initidly equd to zero. However, the conditions of the
experiment require that the cat is gill conscious when the mechanica device begins its
operation a ap; so a in the second component in eg. 6 must have a sub-zero vaue when
that component becomes active. Here again, ao cannot be skipped over. This means that
the last component and al but the firs component of the integral are not redly present in
€g. 6 dnce they cannot possibility appear before there has been a stochastic choice.  This
requirement is enforced by rule (4) that again forbids a sdf-generated integrd of ready
brain states. Equation 6 should therefore be written
F (t =to) = DoM(ao, t)Co + D1M'(a, t)C1 (7)
where D1M'(a, t)Cy is zero a to. If this component is stochadticdly chosen at time t,
then the system will be
F (ts) = DiM(a0)Cs )
From this point on, the cat will track the cdasscd behavior of the mechanica device until
it completes the task of rendering the cresture unconscious a time t;. The find Sate of
the cat isthen given by
F(t=1t) =DiM(arnU ©)
If, on the other hand, the second component in eg. 7 is not stochagticaly chosen,
then the components will stop interacting a the haf-life time ty2, O current will cease
flowing from the firg to the second component in that equation. This means tha eg. 7

will gabilizein place giving
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F (t = ty2) = DoM(ap)Co + D1M'(a()Cs (10)

where both components have come to a square modulus equa to 0.5, assuming that eq. 7

is initidly normdized. As in eg. 5, the cat will be conscious without any awareness of

the other component, so the phantom component of this resdua superposition does no
harm.

There is a 50% possbility that eg. 9 will be the find date, and a 50% posshbility

that eg. 10 will be the find dae This outcome conforms to norma expectations, so

rules (1) - (4) are adequate to the task.

Paradox L ost

Equation 10 shows a conscious cat on one component of the superposition with a
square modulus equa to 0.5, and a non-conscious cat on the other component with the
same square modulus.  This & a form that is generdly said to be paradoxicd. How, it is
asked, can the cat have the same 'intrindc’ probability of being both conscious and nor:
conscious a the same time? The question suggedts that the cat's dtate is truly enigmatic.
But that isnot so.

In the first place, it is not correct in this trestment to say that either component has
an 'intrindc’ probability of any kind. Probability is associated only with current flow, not
with the magnitude of a square modulus. There is no current fow in eg. 10. Second, the
ca is unambiguoudy conscious in this superpogtion. The cat would certainly say so, and
30 would an outside observer for whom the second component is only a phantom.  There

is therefore nothing paradoxical about eg. 10.
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Version | with Outside Observer

Imagine that an outside observer looks in on the cat during these proceedings to
see how it is doing. If that happens after the cat has engaged the mechanicd device in the
classca progresson following eg. 8, then the observer and the cat will together follow
the classica working out of the mechanica device.

If the outside observer interacts with the system before a stochagtic choice causes
the cat to become classicaly engaged, then eq. 7 becomes

F(t = top> to) = DoM(ag, t)CoX + D1M'(ao, t)C1X (11)
+ DoM"(a0, t)CoBo
where the third component is equa to zero & top. A fourth component is forbidden by
rule (4).

If the second component of eq. 11 is stochadticaly chosen, the result will ke the
same as eg. 8 with the outsde observer 4ill “outsde’.  This corresponds to the case in
which the mechanical device begins its operdion after the observation but before the
second observer can (physiologicaly) come on board. Of course, he will ke on board as
soon as his physologicd processes permit, and from that point on he will follow the
classcal evolution of the cat.

If the third component in eq. 11 is sdected at time tsyp, this will correspond to the
conscious obsarver joining the conscious cat before the mechanicd interaction has begun.
The result would be DoM(a ¢) CoBo, and its continuing evolution would yield

F (t = tsco) = DoM(a, t)CoBo + D1M"(a, t)C1B1
where the second component is equal to zero at t = tg. Thisis the same aseq. 7, except
that the second observer is now on board with the cat and will follow its classicd fate in

egs. 8and 9, or join it in the residual superposition of eqg. 10.
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The totd probability is found from rule (1) with n = 2 involving the integras of
current into the second and third components of eg. 11, that are taken from tg to the end
of both the mechanica and physologicd interactions.

(adt[I+Jo] =1
where J, and Jp go into DiM'(ag, t)C1X, and DoM"(ag, t)CoBo. So if the second
component of (a normdized) eq. 11 is not stochadticdly chosen, it is certain that the third

component will be chosen.

Version Il

In the second verson of the Schrodinger cat experiment, the cat is initidly
unconscious, and is awakened by an darm that is st off by the capture of a radioactive
decay paticle. The mechanicd device M(a, t) is now an darm clock, where a represents
the successive dages that progress from the initid ring to the low levd physologica
processes that terminate in the cat's reedy brain date. As before, the darm will only go
off 50% of thetime.

F (t = to) = DoM(ao, )U + ¢ dzD:M(a, t)U + DiM(ay, t)C (12)
where U is the unconscious dtate of the cat, C is the cat's ready brain state, and the second
and third components are initidly equd to zero. Vaiable z coverstherange 0 = z< f.
Agan, there may be atime dday T before the third component containing the ready brain
date of the cat can accumulate vaue after to. We assume eg. 12 to be normalized.

When current does flow into the third component it might be sochedticaly
chosen at timetg. If that happens, then the system will become

F (t =ts) = DiM(as)C (13)
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This will terminate the interaction. It corresponds to the cat finding himself aroused by
the darm, and this will happen 50 % of thetime.

Only the third component in eg. 12 contains a ready brain state, so only it can be
dochasticaly chosen in a way that leads to a rule (3) reduction. If there is no stochastic
choice, then the square modulus of the firsd component of eq. 12 will fal to a vaue of
05. The second component will initidly rise to some podtive vdue and fal agan to
zero, and the third component will rise to a square modulus of 0.5. In the find date of
the system, the square moduli of the first and third components will be equa to 0.5, and
the second component will be zero. Therefore, some time t; after the darm mechaniam
has run its course, the systlem will end its evolution in the superposition

F (t > t) = DoM(ao)U + D:M(af)C (14)
which will gppear 50% of the time. This superpostion will only be reduced if there is an

outsde observer, or if the cat wakes up naturdly. We will take these two cases

separately

Version Il with Outside Observer
If the outside observer makes contact with the cat & apparatus after there has been
a dochadtic choice leading to eg. 13, then following a separate physiologica interaction,
the conscious observer will be on board with the conscious cat. The two of them will
then experience an amended version of eg. 13 given by
F (t = t<) = D:M(ar)CB: (15
where B; isthe conscious state of the outside observer.
Now imagine that the outsde observer enters the picture before the stochadtic

choicethat leadsto eg. 13. Equation 12 would then become
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F (tx>t= ton) = DoM(ao, )UX + ¢ dzD:1M(az, t)lUX + DiM(ar, )CX (16)
+ DoM'(a0, t)UBo + ¢ dzDiM'(az, t)UBy
where the primed components in the second row are equal to zero a top. A Sxth
component is not alowed by rule (4).

If the third component in eg. 16 is Sochadticaly chosen, redizing the component
DiM(as, t)CX, then the continuing physologicd interaction will bring about a trangtion
from X to Bi, which will result in a final state D1:M(a)CB; like eg. 15. This corresponds
to the cat becoming conscious after the observation but before the observer has had time
to climb on board.

If M(asa) within the fifth component in eq. 16 is sochadticdly chosen a the time
tsc1, this will result in the date DiM(a s1)UB1. The outside observer will then be on board
with the unconscious cat when the mechanicad device has reached the stage given by a .
From that point on, the observer will track the classca operation of the darm pior to its
awakening the cat. This, inturn, leadsto afina state that also addsto eg. 15.

If the fourth component in eg. 16 is stochagtically chosen a time tso, then we will
have the state DoM(ao)UBoy. This will hgppen if the observer intervenes prior to the time
that a radioactive particle is captured by the detector. In that case, the decay interaction
will begin again giving

F (tyz >t = ts0> top) = DoM(ao, t)UBy + D1M"(a, t)UB; a7)
where the second component is zero a time ts. Rule (4) forbids the second component
from generating ready brain components that are successors to ag, S0 the only trangtion
that is possble from the firs component is one going to the ap component. Again, aop

cannot be passed over.
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If there is a subsequent stochastic choice a time ts:', then the Sate in eg. 17 will
become DiM(a)UB;, and the observer will classicdly track the dumbering cat from the
time the darm mechanism is firs launched to the end. This too will lead to a find Sate
that adds to eg. 15.

The find posshility is that there will be no stochadtic choice a tss', in which case
the firg term in eq. 17 will gabilize & the haf-life time ti2. When that happens, we will
have

F (t > t12) = DoM(a)UBy + D1M"(ao)UBy (18)
where the square modulus of each of the components is equal to 0.5. As in previous
cases, the resdua superpogtion in eg. 18 will be reduced if the outsde observer's
consciousness drifts away from By, or if awother outsde observer looks in on the
experiment. Since the second component is a phantom, eg. 18 corresponds to the
observer finding the cat unconscious when the clock has run out. This happens 50 % of

the time, and eg. 15 happens 50 % of the time.

Version | with a Natural Wake-Up
Even if the darm does not go off, the cat will wake up naturdly by virtue of its
own internd dam cdock. The internd darm can be represented by a classcd
mechanicd device that operates during the same time as the extend dam. The
interaction is assumed to run pardld to eg. 12, and is given be
¢ dzN(bz, t)U + N(by, t)Cy
where N(b) is the internd mechanism in the variable b, and by is the find vaue tha
accompanies the associated ready body state Cy of the cat. The integral covers the range
0 = z < f, where by is the initid vaue of b. As with the externd dam, the interna

mechanism takes a time Ty to complete its task, so N(bf, t)Cn will fdlow from
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( dzN(b, t)U only after that time has elapsed. Because it is classicd, the z-wave running
through the integral will be very sharply defined.

When the experiment begins, both the internd and externd mechanisms will run
parald to one another, darting a the sametimeto.

F (t = to) = DoM(ao, t){ ¢ dzN(bz, t)U + N(bs, )Cn} (19)

+{ ¢ dz’DiM(az, )}{ ¢ dzN(bz, t)U + N(bs, t)Cn}

+ DiM(as, t){ ¢ dzN(b,, )UC}
where 0 = z Z < f, the first component DoM(ao, t)¢ dzN(b, t)U is normaized to 1.0 at to,
and dl of the other components are initidly zero. As before, C represents the ready body
sate of the cat that can be aroused by the externd darm. The sixth component in eg. 19
does not exist because as and b are contradictory body states, so they are not permitted to
emerge in a single component.

As the sysem evolves after tp, probability current will flow into the components
contaning Cy and C, credting the posshility that one of them will be stochedticaly
chosen.  Since both are termind dates that arise from a sngle initid date, rule (1)
requires that the probability that one d them is chosen in time dt is equal to Jen + Jo)dt.
Integrating this from to to the end of both interactions at time ti gives a totd probability
of 1.0 that one of the body states will be stochastically chosen.

We dipulated in eq. 14 that the cat wes not awakened by the externd darm, even
after the middle component in that equation had fdlen off to zero. Applying this
condition to eg. 19 gives

F (t = to) = DoM(ao, t){ ¢ dzN(bz, )U + N(bs, t)Cn} (20)

+ DiM(ay, t)¢ dzN(bz, )UC
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Under these circumstances, the probability of a stochastic choice of either C or Cy would
be 0.5. Since we stated as a condition that C is not chosen, it is certain that Cy will be
chosen by the time both interactions are complete. When that happens, eg. 20 becomes
F (t > ttr) = DoM(ao)N(bf)Cn

This corresponds to the cat waking up naturdly to find that the detector has not captured
a radioactive partide, and that the mechanica device is Hill in its initid ao podtion.
Therefore, the deeping cat's interna darm clock does the job tha the externa darm has
faled to do. When we dropped the second row in eqg. 19, we exclude the possbility that

the cat would wake up during the operation of the mechanica device.
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