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The auxiliary rules of quantum mechanics have always included the “Born
rule” that connects probability with square modulus. This need not be the case,
for it is possible to introduce probability into the theory through probability
current alone. When this is done, other rules can provide for stochastically
triggered measurements within a system of any size, microscopic or macroscopic;
and solutions to the Schrodinger equation can be consistently applied to
individual trials, not just to ensembles of trials. Other advantages appear. The
rulescan then resolve the paradox associated with the Schrodinger cat
experiment, and remove the possibility of the many world thesis of Everett. As a
result, the system can accommodate any conscious observer, including the
principal investigator who cannot otherwise be included in a quantum mechanical

system.

I ntroduction

Schrodinger’s equation is always accompanied by a set of auxiliary rules that say
how it is to be used. The Copenhagen school gives one set of rules, four of which are
listed in another paper [1]. They include the Born rule, instructions relating to the use of
primary data, and the collapse of the wave function, etc. Other rule-sets of standard
guantum mechanics have been proposed in the past 80 years, some of which deny that
there is a collapse of the wave function. However, they all have one thing in common.
They all include the Born rule that functions as the sole connection between theory and
observation. | will call any one of these rule-sets4Reiles indicating that they are

auxiliary rules that accompany standard quantum mechanics.
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The Born rule is not necessary. It is possible to achieve very desirable results by
dropping the Born rule from the governing auxiliary rules and introducing probability
into quantum mechanics througlobability currentalone. This has been done with two
very different auxiliary rule-sets called th®ulesand theoRules In this paper we are

only concerned with the nRules.

ThenRules

For the most part, solutions to Schrédinger’s equation represent a continuous and
classical-like evolution of a quantum mechanical wave function. Occasionally this
evolution engages a state that is discontinuous with its immediate predecessor in some
variable. This may be called a quantjump or quantungap. The nRules are concerned
with what happens at one of these gaps.

We choose the nRules with two objectives in mind. First, the rules should locate
any measurement inside of the system being measured, and should apply equally to all
systems independent of size — microscopic or macroscopic. A measurement is under-
stood to mean a stochastically initiated collapse of the wave that occurs independent of an
‘external’ measuring device or observer. Second, the rules should apply to individual
trials, not just to ensembles of trials. When these objectives are met, we find that the
system is able to include conscious observers without the ambiguity associated with the
Schradinger cat experiment, or with the many worlds of Everett.

The first of these rules recognizes two different kinds of statesty statesnd
realized states A ready stat&is underlined, and a realized st&tes not. The first rule
tells us that ready states are introduced into solutions of Schrédinger’'s equation
immediately after a quantum jump. A state is otherwise realized. We defesdg
componenas one that includes one or more ready states. It too exists immediately after a

guantum jump.

nRule (1): If an irreversible interaction produces a complete component that is

discontinuous with its predecessor in some variable, then it is a ready component.
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Complete components contain all of the symmetrized objects in the universe.
Each included object is itself complete in that it is not just a partial expansion in some
representation. Theeady states in a discontinuous component are the discontinuous
states appearing there.

The second rule establishes the existence of a stochastic trigger that stochastically
chooses ready components. This is a property of the system that has nothing to do with
the kind of interaction taking place or its representation. The trigger is independent of
representation because it is the entire (complete) component that is stochastically chosen.

The flow per unit time of square modulus between components is given by the
modular currend, and the total square modulus of the system is given [yjhe square
modulus is not here identified with probability; rather, probability is introduced only
throughprobability current J/s The division of] by s automatically normalizes the
system at each moment of time. So currents rather than functions are normalized in this

treatment.

nRule (2): A systemic stochastic trigger strikes a ready component with a probability per

unit time equal to the positive probability current J/s flowing into it.

The collapse of a wave function and the change of a ready state to a realized state

is given in nRule (3).

nRule (3): When a ready component is stochastically chosen, all the included ready

states become realized states, and all other components go to zero.

A complete statement of the first three rules is given in Appendix A together with
other relevant definitions and needed clarifications. There is a fourth nRule. However,

we will illustrate the first three rules before going on.
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Particle and Detector Interaction

We apply Schrddinger's equation to a 'microscopic’ particle interacting with a
'macroscopic’ detector in order to demonstrate the first three nRules. These two objects
are assumed to be initially independent and given by the equation

O(t) = exp(-Ht)y;®d, (1)
wherey; is the initial particle state ardlis the initial detector state. The particle is then
allowed to pass over the detector, where the two interact with a cross section that may or
may not result in a capture. After the interaction begins at attjnmbe state is an
entanglement in which the particle variables and the detector variables are inseparable.
In general, a direct product of states sucky@gin Eq. 2 below) indicates an interaction
that, in most cases, leads to or has led to an entanglement.

The first component in Eq. 2 includes the detedan its ground state prior to
capture. The second compondnis the detector in its capture mode.

D(t = to) = y(t)dy(t) + di(1) (2)
where the capture state is zerd,and increases in time. Itis a ‘ready’ state as prescrib-
ed by nRule (1), for the particle goes discontinuously and irreversibility from being
spread throughout space in the first component to being inside the detector in the second
component — like going discontinuously from tied the 2¢ orbit of an atom.

The statey(t) is an incoming free particle plus all of the scattered components
that are correlated with recoil states of the ground state detector. The second component
IS a superposition that includes all of the recoil components of the detector that have
captured the particle

As probability current flows into the second component in Eq. 2, it may take a
stochastic hit at some tintg following nRule (2). In that case the state will collapse
following nRule (3) to yield

Dt >t >t) =dy(t)

! Each component in Eg. 2 has an attached environmégtaind E, that is not shown. These are
orthogonal to one another, insuring local decoherence. But even though Eqg. 2 may be decoherent locally,
we assume that the macroscopic stdtegndd, are fully coherent whek, andE, are included. So Eq. 2

and others like it in this paper are understood to be coherent when universally considered. We call them
“superpositions”, reflecting their global rather than their local properties. Superpositions of mesoscopic
states have been found at low temperature [2]. The components of these states are locally coherent for a
measurable period of time.
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whered, becomes a realized state and the first component disappears. Renormalization is
not necessary because the current flow thft) is continuously normalized according to
nRule (2). Itis explained in Ref. 1 how to treat this case when there is no capture of the
particle.

So far there are no difficulties with these nRules; however, difficulties arise when

there are three or more components as in the case of a particle counter.

A Counter
If a particle counter is exposed to a radioactive source, its state function would

normally be written
D(t = o) = Cyt) + Cy(t) + Cyt) + Cy(t) + etc. ()

whereC, is the initial state of the counter (registering 0 counts) at tjim&he stateC,
registers 1 count;, registers 2 counts, etc. The radioactive source and the particle field
are not shown in Eq. 3. The components follow@y@re zero at,; and after that, they
become non-zero in the form of a pulse that travels from left to right in Eq. 3.

Here is the difficulty. We want the nRules to apply to macroscopic systems as
well as microscopic systems. If the interaction is a long-lived radioactive decay, then the
pulse in Eq. 3 might be spread over two or more components at the same time. It might
overlap bothC, andC,, causing probability current to flow simultaneously into each one.
This means that there might be a stochastic hi€ dmeforethere is a hit orC;, and that
would cause a collapse of the state that goes direc@y.td'he stateC, would then be
skipped over. This is a very unphysical result for a macroscopic body, and the fourth

nRule is designed to insure that that does not happen.

The Fourth nRule
Only positive current going into a ready component is physically meaningful
because it represents positive probability. A negative current (coming out of a ready

component) is not physically meaningful and is not allowed by nRule (4).
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nRule (4): A ready component cannot transmit probability current to other components

or advance its own evolution

Although it can receive current that increases its square modulus, a ready state is
dynamically terminal. It cannot develop beyond itself or contribute to the development
of anything else. It is shown in the Appendix B that this property is arranged by
modifying the Hamiltonian of the system. When that is done the first@gtnin Eq. 3
decreases in time as the second compo@g) increases in time, conserving square
modulus; butC,(t) no longer evolves dynamically beyond the values given €ty at

each moment of time. The correct nRule equation is therefore
O(t = 15) = Co(t) + Cy(1) 4)

replacing Eq. 3. This insures tt@&twill be chosen It will not be skipped over.

There is no general theory that determines the Hamiltonian associated with Eq. 4.
In standard theory it is found from long experience to take the farmH, + Hy; + H,
whereH, andH, drive the first and second components respectively Hyndrives the
interaction between them. In the end, the justification for this ferthat it works.
However, nRule (4) forces a change. The Hamiltonian now takes the truncated form
H = H, + Hy;,, where the last teril; has been dropped (see Appendix B). This too
works, but it works differently. It works when combined with the other nRules. The
effect of this change is demonstrated in the remainder of this paper.

Think of C,(t) in Eg. 4 as théaunch componendf a next solution oSchrdd-
inger's equation if and when it is stochastically chosen. It contains all the boundary
conditions of that solution. Those boundary conditions are carried oveCydirectly
into C, at each moment of time (throughy,), but they are not applied to the next solution
of the Schrodinger equation until the moment of collapse to that solution. If there is a
stochastic hit o, at timet,, then nRule (3) will require a collapse to the next solution
that is the realized stas.

Ot=>t, . >t) =Cy(t) + C,(1) now usingH; + H,, (5)
where the ready statg,(t) is the launch component into the ‘next’ solution of the

Schrodinger equation.
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We see that theingle equation given by the sRules of standard quantum
mechanics in Eq. 3 is replaced by a separate equation for each quantum jump, plus one.
So the first quantum jump in Eq. 3 is replacedwy equations under the nRules — one
beforethe stochastic hit (Eq. 4), and oaéter the stochastic hit (Eq. 5). This is
characteristic of the difference between the sRules and the nRules. Whereas the sRules
allow only one solution beginning with the initial conditions, the nRules take on new
boundary conditions and hence new solutions to the Schrodinger equation after each
stochastic hit. The sRules run all these solutions together as though they all occur at the
same time. The nRules take them one at a time in their proper sequence.

Since the nRules are intended to govern microscopic as well as macroscopic
systems, equations like 4 and 5 should apply as well to atomic states. If the atom goes
through a series of decays from levalét) to A,(t) and then to the ground lev&|(t), it

will do so in separate steps.

D(t > ty) = Ag(t) +Ay(t) usingHs + Hs, (6)
followed by O(t>t,,,>1t) =A(t) + A(t) usingH, + H,,
and then Ot>t, , >t >t) =A/() usingH,

wheret,, andt,, are the times of the two stochastic hits that initiate the two decays.
Starting with the initial conditiongy(t,), the first solution in Eq. 6 prepares the launch
stateA,(t) of the second solution which contains all of the required boundary conditions
of A,(t) at the time of the first decay. The second solution prepares the laundy@jate
of the final solution which contains all of the required boundary conditioAg(Dfat the
time of the second decay. In each case the launch component is not “launched” until it is
stochastically chosen, for a ready component cannot evolve dynamically on its own.

On the other hand, the sRules will run these solutions together into one equation.
Experimentally, the ensemble of photons of either frequency that is received during any

interval of time aftet, is the same for the nRules as is for the sRules.

Parallel Branching
Now imagine parallel states in which a quantum process may go either clockwise

or counterclockwise as shown in Fig. 1. Each component includes a macroscopic piece



Without Born Rule — R. A. Mould 8

of laboratory apparatu8, where the Hamiltonian provides for an irreversible and
discontinuous clockwise interaction going from tHet@ ther™ state and another one
from there to the final stafeas well as a comparable counterclockwise interaction from
the 0" to thel™ state and from there to the final stateThe Hamiltonian does not provide

a direct route from the"to the final state, so the system chooses stochastically between
a clockwise and a counterclockwise route. Launch skat@sdA, are the eigenstates of

that choice, and contain the boundary conditions of each choice.

Realized
Ag
|
/ !
[
Ready| Ay | A, | Ready
\\\ I ”I
¥ ¥

final
state

Figure 1: Possible parallel decay routes

With nRule (4) in place, probability current cannot initially flow from either one
of the intermediate states to the final state, for that would require current flow out of a
ready state. The dashed lines in Fig. 1 indicate the forbidden transitions. But once the
stateA; (or A, has been stochastically chosen, it will become a realized/stéieA,)
and the final state will becom&;. A subsequent transition t& can occur that
realizesA.

The effect of nRule (4) is therefore to force this macroscopic system into a
classical sequence that goes either clockwise or counterclockwise. Without it, the system
might make a second order transition (through one of the intermediate states) to the final
state without the intermediate state being realized. The observer might then see the initial
state followed by the final state, without knowing (in principle) which pathway was
followed. This is a property of quantum mechanical systems that applies to continuous
microscopic processes under the nRules as agethe sRules. In Heisenberg's famous

example formalized by Feynman, a microscopic particle observed atapaiak later at
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point b will travel over a quantum mechanical superposition of all possible paths in
between. Without nRule (4), macroscopic objects facing discontinuous and irreversible
parallel choices would do the same thing. But that should not occur. The fourth nRule
forces this parallel system into one or the other path, so it is not a quantum mechanical
superposition of both paths.

The same would be true of a microscopic parallel system of discontinuous paths.
Supposél, is an initial atomic energy level where there are two separate paths to the
ground statéd,. The sRules say that these two paths are in superposition. Everett's
many-world theory furthermore tells us that the two paths will not be further involved
with one another — except in this case, since as they arrive at the same final state. The
nRules tell a different story. They deny that these two paths are in superposition. They
have no intermediate involvement with one another obleEauseonly one of them

happens at a time. It's a classical either/or situation, even at this atomic level.

Free Neutron Decay

Another interesting example is that of a free neutron decay. This is written

D(t>1) =n(t) + epv (1)

where the second component is zerb=a0 and increases in time as probability current
flows into it. This component contains three entangled particles that make a whole
object, where the three together are a single ready component as indicated by the
underline (see nRule 1). Following nRules (2) and (3), there will be a stochastic hit on
eix_/ (t) at some time,, reducing the system to the realized correlated stqﬂe(stsg .

This case provides a good example of m_m_/ (t) is a function of time beyond its
increase in square modulus. Assume that the neutron moves across the laboratory in a
wave packet of finite width. At each moment the ready compoa_p\?l(t) will ride
along with the packet, with the same size, shape, and group velocity. It is the launch
component that contains the boundary conditions of the next solution of the Schrodinger
equation — the one that appears Wlaaiﬁ (t) is stochastically chosen at timie Before
this 'collapse',eix_/ (t) is time dependent because it increases in square moatus

because it follows the motion of the neutron. However, nRule (4) insures that it will not
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evolve dynamically beyond itself until it becomes a realized component at the time of
stochastic choice. The neutroft) will then disappear and the separate particles in the
launched componergpv(t) will spread out on their own, although correlated in con-
served quantities.

Specific values of, say, the electron's momentum are not stochastically chosen by
this reduction because all possible values of momentum for each particle are included in
epv(t)and its subsequent evolution (aftdf is resolved). For the electron's momentum
to be determined in a specific direction away from the decay site, a detector in that
direction must be activated. That will require another stochastic hit on, and collapse to,

the component that includes that detector.

Spin Correlated Fermions
Still another example is a pair of correlated fermigfiswhere the direct product
generally assumes an interaction that leads to, or has led to, an entanglement of some
kind. It is not necessary to be specific about this entanglement in order to write the
minimal equation (under the nRules) of a measurement of the spin of the second particle.
This is given by
D(t2t) =f,f,M + E(HM(L) +E,(DM(T)
where the measuring device d)(now includes the second fermion and records a spin
down, and the measuring device Wi{ncludes the second fermion and records a spin
up. In general, th&M products might also be entanglements. Current flows from the
first component to both of these launch components. If there is a stochastic hit on the
second component at tinhewe will have
O(t>t, >t) = F, (M)

Add an Observer
Assume that an observer is looking at the detector in Eq. 1 from the beginning.
d(t) = exp(-Ht)y,®D,B; (7)
whereB; is the observer's initial brain state that interacts with the detectoFhe brain

is understood to include only higher order brain parts — that is, the physiology of the brain
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that is directly associated with consciousness after all image processing is complete. All
lower order physiology leading &) is assumed to be part of the detector. The detector is
now represented by a capifalindicating that it includes the bare detector plus the low-
level physiology of the observer.
Following the interaction between the particle and the detector, Eq. 2 becomes
D(t 2 t5) = y(t)Do(t)B, + Dy (1)By (8)
where the launch component is zerd,atnd increases in time. The st&gin the first
component is the observer’s conscious brain state that interacts with the degégtor
and is therefore aware of its ‘zero’ reading. The launch Bg(e represents the capture
state of the detector when only its window end had been affected. When the particle
enters the window of the detector it initiates an irreversible process that defines a ready
component, and then it freezes because of nRule (4). This means that except for the
particle’s presence just inside the window, the launch component in Eq. 8 Isasrtle
contentas the first component. TherefoBg,is the brain state that appears in the launch
component. Physically, this reflects the fact that the observer at the display end will not
experience the capture until its effect has moved classically through the detector to the
display, and that does not happen uadtiér a stochastic hit ob,,(t)B,,.
With that hit onD,,(t)B, at timet,, the system becomes
d(t>t, >t) =D, (1)B, > D.(t)B, (9)
where the realized componedy, (t)B, evolves continuously and classically (represented
by the arrow) until it reaches the display end of the detector (represeriigg.byt this
point the brain statB, of the observer becomes aware of the capture. The change in the
conscious brain state froBy to B, in EQ. 9 is continuous and classical.
Compare this with an sRule evaluation of this capture. In that case Eqg. 8 would
be given by
D(t > ty) = Y(t)Dy(t)B, + Dy (1)By — D1((1)B, (standard QM)
where onlyy(t)Dy(t)B, is initially non-zero. The plus sign again refers tdiscont-
inuous quantum jump and the arrow refers to a continuous classical evolution. So as
probability current builds up the second (window) component, current will begin to flow

from the window to the display state in a continuous evolution. If the particle in this
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equation is produced by a long-lived radioactive decay, this single equation might very
well contain bottB, andB, in superposition. The observer would then be in two different
states of consciousneasthe same timeHere we havanother formulatiorof Schrod-
inger’s famous cat paradox, which is an unacceptable ambiguity.

The nRules tell a different story. According to the nRules there are two different
equations in Egs. 8 and 9. One describes the systdéanethe stochastic hit, and the
other describes the systafter the stochastic hit. Furthermore, there is only one brain
state in Eqg. 8, and there is only one brain state ‘at a time’ in Eq. 9, so thawe is
paradoxical cat-like ambiguity. Again, the sRules run both solutions together as though
they both occur at the same time, giving rise to the ambiguity; whereas the nRules
provide separate solutions that apply before and after the stochastic hit, eliminating the
ambiguity. Each of these separate solutions has its own boundary conditions. The initial
conditions apply to Eqg. 8, and the boundary conditions created by the launch state in

Eqg. 8 apply to Eqg. 9.

Many Parallel Sequences

Imagine three counters that surround a single radioactive source. The system
stateA, means that none of the counters have yet recorded a count. The systé&mn state
means the first counter is the first to record a coymeans that the second counter is
the first to record a count, etc. Each of the three counters is exposed to two other
radioactive sourcea andb that will become active after the first choice has been made.
The system statd,, (or A,,) indicates which of these two sources produces a second
count of theA, counter. An observer is on hand to determine which of the six possible
sequences is realized in an individual trial. These sequences are shown in Fig. 2, where

AB, means that the braiB observers the system in the st&{g etc. In writing the

AB
|
AB; AB, AB3
N 7
ABy,| |AB;p| |ABya| |ABy,| |AB3,| |AB3y

Figure 2: Six possible sequences



Without Born Rule — R. A. Mould 13

component this way, we overlook the detail associated with the classical evolution that
occurs inside the apparatus. We take only the end result of the observer interacting with
the apparatus. The shaded sequence in Fig. 2 is the one discussed below.

The sRules run all these possibilities together in a single superposition. This
makes sense if the superposition refers only to an ensemble. But the theory would not
then apply to individual trials, and this is a theoretical limitation we want to avoid. On
the other hand, if the superposition is applied to individual trials, the result is again
paradoxical. It means that the single observer would experience all possible sequences at
once. This is thenany worldtheses of Everett, according to which the observer in Fig. 2
splits up into six separate conscious entities. Everett shows that this does not lead to a
contradictory confrontation between any two of the alter-egos because any sequence,
once begun, will proceed without any further involvement with any other sequence [3].

The nRules resolve this ambiguity. Aftgand before there has been a hit on any
counter, the system is given by

Dt >1t,) = A(1)B, + A (1)B; + A(1)B, + As(1)B; (20)
where onlyAy(t)B, is initially non-zero. This is a parallel system in which current flows
to all three eigen-componems(t)B,, A,(t)B,, andA,(t)B; that are the possible launch
states of the next solutibn

After the first stochastic hit at tintg,, imagine that the chosen reduced state is

D(t2t,,>t) = A()B, + At) B+ ALDBy,
where onlyA,(t)B, is initially non-zero. The realized component in this equation is equal
to the second component in the shaded sequence in Fig. 2. Again, we overlook the
classical evolution that occurs inside the counter in this equati@),isshown together
with A,.

A second hit gives the final state

Dt>t, >t . <t)=A,1)B,
where the realized component in this case is the third shaded component in Fig. 2, and

where again, the classical evolution inside the detector is overlooked.

2 The brain state in the launch components of Eqg. 10 should be ready states according to nRule (1). But if
the internal classical evolution is considered, ready brains states would not exist. The notation in Eq. 10
reflects the latter consideration.
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The nRules do not support a superposition of all the sequential possibilities.
Instead, they produce only one sequence in a single trial that reflects the stochastic
choices that have been made in that trial. So the nRules apply to individuadndals
they avoid the unphysical many-world interpretation of Everett. The different sequences,
once begun, have no further involvement with one andibeausehey occur separately

as classical either/or choices.

Other Cases

In Ref. 1, the nRules are applied to a number of other cases with good results. It
is shown that the Born rule follows as a theorem when the nRules are applied to a
terminal observation in a typical physics experiment. The nRules also work well when
the observer does not initially interact with a detector (as in Eq. 7), but comes on board
during the primary interaction between the particle and the detector. The nRules also
work as they should when a second observer is brought on board to share an observation
with the first observer.

Also in Ref. 1, several other microscopic systems are analyzed using the nRules.
We look at atomic emission and absorption, separating out the influerspomfn-
eous vs. stimulated emission. Also, Rabi oscillations and decoherence are investigated.
It is shown that both, by themselves, avoid creating ready states and stochastic reduction.
We also examine the effect of magnetic fields on spin states. It is shown that there are no
stochastic reductions prior to the spin system interacting with a ‘location’ detector after it
has being deflected by the field.

In another paper [4], the nRules are applied the Schrodinger cat experiment in its
various forms. In the first version of that experiment, the cat is initially conscious and is
rendered unconscious as a result of a beta decay. In the second version, the cat is initially
unconscious and is awaken by an alarm that is stochastically triggered by a beta decay.
In a final version, the cat initially unconscious and is awakened by an internal alarm that
is in competition with the above external alarm. In all these cases, the nRules successful

predict the expected experience of the cat. In addition, the nRules successfully predict
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the experience of an external observer who opens the box (containing the cat) at any time

during any one of the above experiments.

Observersincluded

The Born rule is not only one of the sRules, but it is taken to be the sole connect-
ion between the theory and observation. That connection is an instantaneous contact.
The Born rule observer can only ‘peek’ at the system from time to time, approaching a
continuous experience only in a Zeno-like approximation. The primary observer cannot
himself be a continuous part of the system under the sRules. Furthermore, while the
sRules allow a secondary observer (such as Schrodinger’s cat) into the system in a
continuous way, they predict that that observer can be in two different states of
consciousness at the same time. | believe that to be a false prediction rather than an
occasion to speculate about the existence of multiple alter-egos. Physics should construct
theory to accommodate observable phenomena — not invent ‘unobservable’ phenomena to
accommodate theory.

On the other hand, the nRules make a place for the primary and the secondary
observer. The brain states referred to in the above were presumably those of a secondary
observer. There was never any ambiguity about what those brains experienced at any
moment of time in any one of the separate solutions; so quantum theory with these
auxiliary rules accurately predicts the experiences of any included observeiis fhkeis
connection between theory and observation under the nRules. It is the same as that
theory/observation connection in classical physics. Also as in classical physics, the
primary observer who is investigating a system can always look at a wider system that
includes himself in a continuous way. A model of his own brain is then included in the

system, correctly predicting his experience there.

The oRules
There is another rule-set that rejects the Born rule and relies on probability current
to introduce probability into quantum mechanics [5, 6]. These are callezRihnes

They differ from the nRules in that only brain states can be ready states. So only brains
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can be the basis states of a state reduction. These rules reflect the notions of Wigner [7]
and von Neumann [8] and others to the effect that the presence of a conscious observer is
necessary to a state reduction. These rules seem to be every bit as adequate as the
nRules, and | do not make a final choice between the two. In the end we do not really
know what is required for the collapse of a wave function, so | believe that all of the

consistent and observationally accurate auxiliary-rule options should be on the table.

Appendix A
nRule (1): If an irreversible interaction produces@mplete component thest discon-
tinuous with the initial component of a solution, then all of the new states that appear in
this component will be ready stateall other states will be realized
[note: A complete componerd a solution of Schrédinger's equation that includes all
of the (symmetrized) objects in the universe. Itis made up of complete states of those
objects, including all their state variables. A component that is a sum of less than the
full range of a variable (such as a partial Fourier expansion) is not complete.]
[note: Continuous means continuous in all variables. Although solutions to Schrod-
inger's equation change continuously in time, they cadismontinuousn other
variables - e.g., the separation between the nth and th&)" orbit of an atom with
no orbits in between. A discontinuity can also exist between macroscopic states that
are locally decoherent. For instance, the detector d{dtbe ground state) amnd|
(the capture state) are discontinuous with respect to detector variables. There is no
state in between. Like atomic orbits, these detector states are considered to be
‘qguantum jump' apart. The continuous ‘internal’ evolution of a detector that follows a
jump is not part of the jump. The jump only occurs attirelowend of a detector,
and is complete as soon as something irreversible happens (inside the detector) to
secure the measurement.]
[note: Theinitial componentis the first complete component that appears in a given
solution of Schrédinger's equation. A solution is defined by a specific set of bound-

ary conditions. Boundary conditions change with the collapse of the wave function.
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The single component that survives a collapse will be complete, and will be the initial

component of the new solution.]

nRule (2): For a system of total square modulus s that has n ready components, a
stochastic trigger will choose stochastically from among them. The probability per unit
time of a choice among m of these components at time t is givéhJnys, where the
square modular current Jlowing into the i component at that time is positive.
[note: Dividing J by s insures normalization at every moment of time. There is no
need to normalize after each state reduction because currents, not functions, are

normalized in this treatment.]

nRule (3): If a ready component is stochastically chosen, then all of the included ready
states will become realized, and all other components in the superposition will be
immediately reduced to zero.
[note: The claim of an immediate (i.e., discontinuous) reduction is the simplest way
to describe the collapse of the state function. A collapse is brought about by an
instantaneous change in the boundary conditions of the Schrodinger equation, rather
than by the introduction of a new ‘continuous' mechanism of some kind.]
[note: This collapse does not preserve normalization. That does not alter the
probability of subsequent reductions because of the way probability per unit time is
defined in nRule (1); that is, currehts divided by the total square modulus. Again,

Currents are normalized in this treatment, not functions.]

Appendix B
Assume that a unitary operatd(t) displaces the system time. An instantan-
eous translation through time is then given by
U(dt) = 1 — Hdt
or U(t +dt) = U(dt) U(t) = (1 — HdHU(t)
whereH is a Hermitian Hamiltonian. Applying it @(t) gives
d(t +dt) = (1 — HAt)D(t) = O(t) — IHD(t)dt (B1)
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from which we get Schrédinger’s equation
H®(t) = (id/dt)d(t)
Conservation of probability current follows from this. Also, operators that commute with
this Hamiltonian are constants of the motion.
We then choose the Hamiltonian that drives the system
O(t) = S(1) +S,(1)
According to Eq. B1 the changg(t + dt) - ®(t) in timedtis equal to —H®(t)dt,
so each term in the Hamiltonian drives some part of the system. The Hamiltonian of this
system in standard quantum mechanicd is H; + H,, + H,, whereH, drivesS/(t) by
itself, H, drivesS,(t) by itself, andH,, drives the interaction between the two. If we don’t
want to driveS,(t) dynamically on its own, we simply remove that term in the Hamilton-

ian. This gives

H=H,+H,;
as the Hamiltonian that results when applying nRule (4). Schrddinger’s equation is then
H,S,(t) + Hi,[S() + S(0)] = (id/d){S,(t) + S,(D)} (B2)

The first termH,S,(t) in this equation provides for the internal evolutiorSgf)
by itself. The second (square bracketed) term provides for the changes in square modulus
of the two components; and in addition, it transmits internal chang&f)imo S,(t). So
S(t) is a function of time because its square modulus changes in time, and because the
internal dynamical changes 8)(t) are continuously being transmitted to it. It continu-
ously updates the boundary conditions of the new solution. However, it does not evolve
on its own becausH, is not present. These are the properties we want for the launch
state.

Our major assumption is that there exists a unitary operator that displaces this
system (with its truncated Hamiltonian) in time. That cannot be formally demonstrated.

It is justified only by Eqg. B2 that appears to give the desired result.
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