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Cat, Retro-Causality and Emotion

AirLAN T. EMREN

Abstract

The Schrodinger’s cat phenomenon is a strange consequence of the superposition
of quantum states. The necessity for unobserved quantum systems, under certain
circumstances, to exist simultaneously in several mutually exclusive states could be
considered as the most shocking discovery of physics during the last one hundred
years. The analysis of von Neumann and Wigner resulted in the conclusion that hu-
man consciousness is causing the collapse of the wave function, and thus forcing the
universe to choose among available alternatives.

To avoid this conclusion, several other interpretations have been developed, like
Everett’s splitting of the universe, or Bohm’s pilot wave hypothesis. All of them suffer
from new kinds of difficulties, and they all introduce new elements that cannot be

verified.
In most of the interpretations, the choice of final state also includes a choice of

one among several possible histories, so the observation influences the past as well

as the future.
This indicates that time might not proceed in any specific direction until an obser-

vation is made. Consequently, collapses of wave functions might establish the real

arrow of time.
Walker has made attempts at using theories of quantum tunnelling among synap-

ses in the brain, in order to find the extent to which emotions and wishes are able to
influence the outcome of the wave function collapse. The results appear to be to an

order of magnitude similar to those found in studies in which subjects have tried to

tell the outcome of random events. )
As Wigner pointed out, we never observe more than one out of several possible

results of an observation. So how does the universe make its choice on which out-
come will turn into reality? Are we able to influence the choice? My own personal

experience weakly indicates that my emotions in some rare cases have been able to
influence the choice. Or could it be that my emotions have been influenced by the

future outcome? ) ) _ '
With very few exceptions, quantum mechanical wave functions have regions of

high probability amplitude, but also regions with very low probability amplitudes.
The existence of such regions of low probability cause phenomena like alpha decay,
in which alpha particles inside the nucleus tunnel through the coulomb barrier to a
low probability state of being free particles.

Most of the miracles told in the Bible could be described in terms of states with ex-
tremely low, but non-zero, probabilities, chosen by the universe in the right moment.

According to the Bible the extremely low probability may be changed to reality by
faith, hence by a kind of emotion.

If this is a correct interpretation of miracles, there does not appear to be any limit
to the ability for emotions to shape the world.
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Introduction

HE SCHRODINGER’S CAT PHENOMENON is a strange consequence of the

superposition of quantum states. The necessity for unobserved quan-

tum systems, under certain circumstances, to exist simultaneously in
several mutually exclusive states could be considered as the most shocking
discovery of physics during the last one hundred years. The analysis of von
Neumann (1955) and Wigner (1970) resulted in the conclusion that human
consciousness causes the collapse of the wave function, and thus forces the
universe to choose among available alternatives.

This conclusion was more or less inevitable from the Copenhagen inter-
pretation of Quantum Mechanics (QM). To avoid this conclusion, several
other interpretations have been developed, like Everett’s (1957) splitting of
the universe, or Bohm’s (1952) pilot wave hypothesis. All of them suffer from
other kinds of difficulties, and they all introduce new elements that cannot
be verified, e.g. the existence of all possible outcomes simultaneously, with
all but one unobservable.

In most of the interpretations, the choice of final state also includes a
choice of one among several possible histories, so the observation influences
the past as well as the future.

Imaginary time

It is sometimes stated that all (observable) information in a system is stored
in the wave function. Although not exactly correct, it is not far from reality.
When quantum mechanics and relativity confront one another, problems
appear. In relativity, the speed of light (normally) is an absolute limit, while
quantum mechanics requires some properties to propagate faster than the
speed of light, possibly even at infinite velocity.
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The Hellmann-Feynman (Hellmanni937, Feynman 1939) theorem brings
some hints for understanding wave-particle duality. The theorem states that
the energy of a system, e.g. a molecule, has exactly the same value as it would
have if the electrons were smeared out according to the probability density
of the wave function, and the attraction were purely electrostatic. This would
be the case if the very small electrons were moving rapidly between different
locations in a more or less irregular way. To do so, the electron would have
to move faster than the speed of light, as some electronic states have very
short life times. Alternatively, all the distributed charge would have to move
instantaneously to one location at a wave function collapse.
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Fig 1: Congo-blue, a dye molecule. In the molecule, some molecular orbitals stretch
across the entire molecule, which means that the probability densities of
some electron pairs are distributed across a considerable volume.

In a dye molecule like Congo-blue, each s-orbital covers the entire molecule,
as well as a substantial volume surrounding it, some 35x10x5 A3. Even at the
speed of light an electron would not be able to span the orbital during the
life time (a few nanoseconds) of an excited state. In molecules, only station-
ary states (orbitals) are allowed except for short moments during which the
molecule is interacting with the photon field (in the absorption or emission
of light).

It can be argued that the electrons are “moving” at infinite speed in order
to span the orbital. From one point of view, each electron has to be fully
present in each location for it to keep properties like charge or mass. Ac-
cording to quantum electrodynamics, the electric field around an electron is
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established by photons being created and annihilated by a (point-) source.
This would lead to infinite electron mass, as the size of the electron appears
to be zero. The field itself remains finite due to vacuum polarization, a coun-
terfield caused by virtual photons created by the vacuum. This means that
the electron mass grows more slowly as the electron radius tends towards
zero. Nevertheless, the mass is divergent (tends to infinity), and to avoid
that, renormalization is used. In this process, the (infinite) mass of the ex-
cluded vacuum is subtracted from the electron mass. For all this to work in
every moment, the entire electron with real and virtual photons has to be
present everywhere in the molecular orbital. This could be achieved by the
entire electron appearing in one location, staying there for a short moment,
and then instantaneously jumping to another location. As mentioned above,
this has to take place at superluminal mean speeds. As the orbital is a con-
tinuous function, it looks probable that the speed actually is infinite (as seen
in ordinary time).

From another point of view, one has the fact that a molecular orbital is
a stationary state. This means that the wave function does not change with
time. That is not exactly true, as real and imaginary parts of the wave func-
tion actually are oscillating or rotating. The changes are syncronized to make
the absolute value of the wave function stationary.

Fig 2: A wave packet moving to the right. Individual waves are created to the left,
move through the package (phase velocity), and disappear to the right. The
package itself moves more slowly (group velocity).

In a non-stationary wave packet, there are two kinds of velocity, group ve-
locity and phase velocity. The phase velocity is always larger than the group
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velocity, which means that waves are created in the rear end of the wave
package, and disappear at the front end. This disappearance is caused by de-
structive interference of waves everywhere except within the packet. The
two velocities obey the de Broglie relation

2
Vgroup Uphase = C (1)

The group velocity is the one with which an object, e.g. a particle, is mov-
ing. Matter is normally not able to move faster than light. Although relativity
does not exclude the possibility of particles (tachyons) moving at superlumi-
nal speeds, this has not been observed. Consequently, at least for all normal
matter, the group velocity is less than c. Thus, the phase velocity normally
has to be larger than c. As the group velocity tends towards zero, the phase
velocity tends towards infinity. Consequently, for a stationary wave packet,
the phase velocity is infinite. This means that an orbital is spanned instanta-
neously, and thus the electron is everywhere at all times, corresponding to
infinite speed. And at each location, it has to build the entire field of photons
and vacuum polarization. A second theorem by Feynman (1948) states that
the evolution of the wave function is identical to the result from all possible
trajectories connecting the initial and final state. This view supports the idea
that the tiny electron moves at superluminal speed (or equivalent) between
different parts of the wave function. One obvious possibility would be that
time does not proceed in any specific direction between observations.

This view is supported by the shape of the wave equation. In the non-
relativistic case, the Schrodinger equation may be used. Generally time is
considered to be topologically one-dimensional. Assuming time to be comp-
lex-valued (two-dimensional), an interesting property emerges, if the Schro-
dinger equation is written in imaginary time. Then it will look like

ov 777 —v
B it
o=y 2m o T @)

This equation is formally identical to the diffusion equation

—— =—-DAC +rC (3)
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Concentration changes in a solution result from random movements and
chemical reactions among molecules. Similarly, development of the wave
function can be looked upon as a result of random movements of particle(s)
in (negative) imaginary time (actually, the movement of two particles, one
giving ¥, and the other its complex conjugate ¥*.) Such random motions
would give rise to the wave function being spanned by the particles follow-
ing all Feynman’s trajectories. But it requires influences outside the light
cone, or some other strange behaviour.

Mach-Zehnder interferometer and retro causality
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Fig 3: Mach-Zehnder interferometer. A photon from the source S is split at the
semi-transparent mirror Mi. It then follows two paths, via mirror M3, and
My, to be rejoined at the mirror M2. If both of the detectors D1 and D2 are
switched off, all photons sent by S appear in detector D3. If either one of D1
or D2 is active, photons appear in detector D3 as well as D4.

The wave function of a cat, a box, and a deadly mechanism is of course ex-
tremely complicated, so the Mach-Zehnder interferometer will be used as
an analogue. In such a device, photons from a source (S) are “split” by a
semi-transparent mirror (M1) and travel along two paths, after which they
are recombined by another mirror (M2). Interference causes all photons to
appear in one detector only (D3). Here we will discuss a modification with
two more detectors that may be activated after a photon has passed M1. If
any detector is activated, the interference is destroyed, and photons will be
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found in both D3 and D4. Furthermore, no photon will be found in more than
one of the detectors D1 and D2, meaning either that information will have
to be transferred at superluminal velocity, or that the photon decides at M1
what to do in all kinds of possible future situations. The second alternative is
less probable, as it contradicts the Hellmann-Feynman theorem. Even with
such a simple device, the wave function is very complex during interactions.
After the interactions, all non-diagonal terms will be zero, so the total wave
function may be found by summing products of functions representing final
states.

\Ifbefm*e—obs = Clle—off¢D2—off¢D3—detect¢D4—no—detect

+621/)D1—on—no—detect¢D2—off¢D3—detect¢D4—n0—detect (4)

+C31/}D1—on—no—detectwDQ—offwD3—no—detecth4—detect

+C4¢Dl—on—detectwDZ—offwD?)—no—detect¢D4—no—detect + ...

Some terms, like '(/}D1—on—detecthQ—ofwafS—detect¢D4 - det60t> repre-
sent impossible states, so the corresponding coefficient is zero. At observa-

tion, collapse to a unique result takes place, e.g.

\Ijbefore—obs — \Ijafter—obs = Cd)Dl—on—no—detect ( )
5

wDZ—off¢D3—no—detectwDZL—detect

Figure 4 shows what this looks like in a regular space time diagram. The
wave packet splits in two, each propagating in time. The detectors could be
non-destructive (e.g. polarizers), and the observation also could be delayed
until the photon has reached D3-Dy, or later. This does not change anything.
At mirror Mz (figure 3), the photon will have information concerning states
of D1 and Dz at time t4, and interference will not happen if one detector was
active. Thus, if one detector e.g. D1 is active and fires, the photon chose that
route. If it does not fire, the photon chose the other route. In both cases, the
route will be known, and then interference is impossible.

If, on the other hand, the motion is random (as suggested above), the dia-
gram looks different. For a photon, space and time cannot be separated, so
random motion in space is equivalent to random motion in real time, all of
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Fig 4: Space-time diagrams showing propagation of a single photon as seen in real
time. Equipment shown (a) and hidden (b). The photon is represented by a
thick black line segment.

which takes place in imaginary time. In Figure 5, the photon moves mostly
forwards in time up to t4, where it meets the detector D1. Then it happens
to move backwards and, choosing the other route at M1, reaches D2, again
at real time tq4.

After real time t4, the observation takes place. Then, one of the imaginary
events is chosen, perhaps randomly by the universe or, perhaps, with the
choice being influenced by the observer. After the observation, the past is
irreversibly chosen.

14 Bbs

t4 Pbs

Fig 5: Part of a space-time diagram with random motion of a pseudo particle in
imaginary and real time.
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Choice among QM alternatives

As Wigner pointed out, we never observe more than one out of several pos-
sible results of an observation. So how does the universe make its choice on
which outcome will turn into reality? Since processes in imaginary time re-
sult in several events at the same real time, there is a necessity for a specific
choice to be taken. Are we able to influence the choice? With our imagina-
tion, we are able to see possible results, and often we wish one specific result
to become real.

Each alternative gives a more or less different outcome. In some way, no
alternative is real until a choice has been made. This is similar to imagination.
We are able to imagine different futures, and then we decide which we wish
to be real, and act accordingly. So, in some way, we appear able to influence
the possible firing of synapses in our brains, to fulfil our wishes. It cannot be
excluded that the same kind of ability extends to external systems as well.
Our own wave function is a part of the universal one, and before collapse, all
possibilities are open. We might be able to wish a certain outcome to become
chosen. There is weak evidence that this may be the case.

It has been reported (Nelson and Bancel 2011), that wishes by persons
have been able to influence the outcome of random events. One also can
see that the fatalities of accidents often are far less than one would sta-
tistically expect. A well-known example is the September 11, 2001 terror
attack. Although four planes were crashed, and both towers collapsed, only
about 3400 persons were killed. One would have expected 7000 - 12000 fatal-
ities. And the doomed flights had cabin occupation far below the expected,
35, 25, 23, and 16 percent respectively. One has to remember that it was
a weekday (Tuesday), and morning flights. Such flights normally are quite
crowded with cabin occupation of 8o percent or more. Here, six mutually
independent events caused the low number. This could be pure chance, but
the probability is far less than 1 per million. For some reason, people were
not where they normally would have been. And people in the north tower
emotionally distrusted the announcements on loudspeakers that there was
no danger, and that all work should continue as usual in that building. So
their emotions caused them to evacuate. Furthermore, passengers tended
to avoid the doomed flights, some even through trivial misunderstandings.
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People’s imagined and wished futures might have influenced their choice: a
dead person cannot go for vacation next week. Was this influenced by the
quantum choice of alternatives? Is it an example of retro-causality?

World trade Estimated Expected Expected Real fatalities Std dewviations
Center staff on duty fatalities fluctuation

Horth tower 30 percent 1518 43 265 (estimate) i
Zouth tower a0 percent 3637 &0 1736(estimate) | 32
Sum of a0 percent 5455 74 2605 38
towers

Rescue 403 0 403

personel ete.

Flights Aireraft type

Aa 11 Boeing 767 174 13 76 FH
TA 175 Boeing 767 174 13 51 9.5
AATT Boeing 757 170 13 a3 2.0
TA 93 Boeing 757 170 13 33 10.5

Fig 6: Fatalities in September 11, 2001 terror attacks.

Tunnelling among synapses

Walker (2000) has made attempts at using theories of quantum tunnelling
among synapses in the brain to find the frequency by which emotions and
wishes are able to influence the outcome of the wave function collapse. The
results appear, to an order of magnitude, to be similar to those found in
studies in which subjects have tried to tell the outcome of random events.
From a Biblical point of view, this is evident. An example is given by Jesus
(Mark 11:23-24), in saying that if we let our wishes be known to God, and
believe that He will grant them, this will happen. My own personal experi-
ence weakly indicates that to be correct. Decades ago, my wife had a disease
(then unknown), sometimes causing severe pain in her stomach. To comfort
her, T used to keep hugging her for extended times. A few times, I felt that I
should pray for her at such occasions. When following that emotion, I could
feel some kind of power leaving through my hands. I did not move mean-
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while, and not say any words loud. Nevertheless, she asked: “Did you pray?
I felt power enter me, and the pain disappeared.” On the other hand, it could
have been imagination and coincidence only. When she had an incurable
cancer in 2012, I never had the feeling that I should pray for her healing,
and she died a few months after the diagnosis.

Collapse and miracles

It is generally assumed that QM may be used to describe microscopic sys-
tems, whilst macroscopic ones are almost perfectly described by classical
physics. This is wrong! Whenever a phenomenon is highly non-linear, QM
uncertainties may have major impacts on the outcomes. This is the case with
earthquakes and hurricanes. According to Walker (2000: 269-270), even such
a simple device as a dice has to be treated by QM. If it bounces some 50 times,
the outcome is totally independent of initial conditions.

With very few exceptions, quantum mechanical wave functions have re-
gions of high probability amplitude, but also regions with very low ampli-
tudes. A 1s electron in a hydrogen atom has a probability density function
given by

v = e ()

Here, ag is the Bohr radius. This function has non-zero values at all dis-
tances. An electron belonging to a certain hydrogen atom might be found
far from the nucleus if its position is measured. In numerical QM calcula-
tions, one normally makes use of a cut-off, which means that outcomes with
extremely low probabilities are neglected. This does not influence properties
like energies, charge densities etc. In spite of that, the low probability tails
are real, and very important in some situations.

An example is the alpha decay of Uranium-238. An alpha particle formed
in the nucleus may, with extremely low probability, be found outside the
Coulomb barrier, due to the tail of the wave function. For an individual nu-
cleus, this may happen during one femtosecond in a time span of 4.5 billion
years. Nevertheless, such processes are essential for life on Earth.
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Most of the miracles told in the Bible could be described in terms of states
with extremely low, but non-zero probabilities, chosen at the right moment.
According to the Bible the extremely low probability may be changed to
reality by faith, thus by a kind of emotion. Examples thereof are the virgin
Mary being pregnant, Jesus’ walking on water, or even resurrection from
death. None of these is impossible: they are merely events of probability
small enough to be considered practically impossible. For a human in the
right emotional state, it might be a question of seeing the desired outcome,
and choosing the appropriate value of the imaginary time for that outcome
to become real.

Conclusion

Considering time to be complex-valued (two-dimensional), with real time
propagating randomly between observation events, makes it possible for
particles to span the wave function and fulfil requirements of quantum me-
chanics, including the possibility of Schrédinger’s cat being simultaneously
dead and alive, and for the point-like electron to be everywhere simultane-
ously. At observation, one out of several possibilities is chosen, and conse-
quently one out of several histories is chosen as well. Superluminal velocities
appear in real time, but are merely illusions, analogous to the possibility of
making a shadow move faster than light.

Some of the possible outcomes from the wave function collapse have ex-
tremely low probabilities. This, however, does not prevent them from taking
place and being important, as seen from the decay of Uranium-238. Miracles
generally belong to that category of events with extremely low, but non-
zero probabilities. There is evidence that wishes and emotions may (weakly)
influence this choice. It is also claimed that faith gives the choice of such
outcomes a higher probability. Perhaps the human mind is able to modify
the outcome slightly, while Divine intervention is required for a specific re-
sult to be chosen with certainty. If this is a correct interpretation of miracles,
there does not appear to be any limit to the ability of emotions to shape the
world.
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