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Abstract
The notion of mirror neuron is extremely attractive because it could allow the understanding of the observed goal directed behaviors of living systems by inducing corresponding
imagined or even real actions. The sensory input about behavior would automatically induce
the neural activity representing intention about the behavior or imagined behavior. Mirror
neuron hypothesis was derived originally for monkeys but has been considerably generalized.
For instance, in the case of humans mirro neurons could allow an almost automatic understanding of intentions and emotions of other people.
In TGD framework the objections against mirror neuron hypothesis motivate its replacement with what I call time mirror hypothesis inspired by zero energy ontology, and stating
that motor action and sensory perception are in a well-defined sense time reversals of each
other. This hypothesis could explain the time anomalies assignable to mirror neurons if they
are indeed involved (reactions tend assigned to mirror neurons tend to be “too fast”) and also
Libet’s findings. This inspires the notion of quantum monadology: parts of brain would be
continually time mirroring each other. Also magnetic body would be involved. The time mirror
relationship could correspond to directed attention having as space-time correlates magnetic
flux tubes carrying dark photon signals in both time directions. Time mirror hypothesis is
applied to the entrainment of the speech motor regions with auditory areas at the opposite
side of brain occurring at resonance frequency 4.5 Hz as discovered by Poeppel and Assaneo.
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Introduction

This article was motivated by article in Quanta Magazine (see http://tinyurl.com/y8a4puca)
telling about the work of David Poeppel and his student Florencia Assaneo.

1.1

Poeppel’s criticism of neuro-computationalism

The article inspired the reading of the article “Neuroscience Needs Behavior: Correcting a Reductionist Bias” of Poeppel et al [J2] (see http://tinyurl.com/ybeeetr6) criticizing the computational theory of behavior assuming that behavior reduces to an algorithm analogous to computer
program, the software, implemented by neural circuit serving as a hardware.
Poeppel mentions as an example of Caenorhabditis elegans, the roundworm that is one of the
most studied lab animals. This animal has only 302 neurons and its neural circuitry is known very
precisely as also its full genome. Despite this there is no understanding about what the algorithm
encoding the behavior is and how the neural circuitry implements it. Something is missing.
More generally,o ne cannot deduce the behavior of even simple animals from the neural circuitry
regarded as computer. Several programs can give rise to the same behavior or same circuitry to
several behaviors. The deduction of hypothetical algorithm from behavior is impossible. Poeppel
mentions also an experiment in which one tried to deduce from the behavior of the computer game
characters the algorithm behind the game for three games. The attempt failed. This finding can
be also seen as a failure of behaviorism not anymore a leading dogma in neuroscience anymore
since even simple creatures like Caenorhabditis elegans refuse to believe like doorbells.
From the philosophical point of view the failure of reducing behavior to a deterministic algorithm is obvious to me. There is a thing called free will and round worm is not a deterministic
computer. One could model its basic behavioral patters using computer programs as analogs but
the choice, which program is run involves free will, and one must construct theory of consciousness
allowing free will as something consistent with physics. This requires going beyond the recent view
about physics.
Poeppel mentions as an example the determination of the direction of a sound source. Depending on the direction sound signal arrived to ears at different times. This can be used as data
allowing to deduce the direction of the sound source. There are however several other algorithms
for deducing the direction of the sound source.
There is also philosophical criticism. One assumes that there is a small homunculus inside brain
able to write computer programs and implement them. This bit virtuoso has found from some
text book of physics a formula allowing to determine the direction of the sound source from the
time lag between ears and then has written a computer code and implemented it. But how this
tiny computer programmer can achieve this?: obviously it must have a tiny computer programmer
inside. One ends on with infinite hierarchy of computer programmers inside computer programmers
- infinite regress.
How to get rid of this hierarchy of homunculi? Could quantum physics alone with measurement
theory extended to a theory of consciousness by making observer a part of physical system be
enough to define and understand behaviors. No model for the physical world but just the physical
world itself. This requires however new physics in which notions like behavior, intentionality, goal
directedness, and memory have a well-defined meaning. All this notions refer to time or time
evolution somehow. In standard physics quantum states are however time=constant snapshots so
that going beyond standard quantum physics seems to be unavoidable.
Poeppel also talks about a hegemony of methods reducing neuroscience to the study of neurons
and forgetting behavior and studying only neural circuits. Poeppel argues that one should start
from behaviors, study them in detail and only after that start to study algorithms and neural
circuits as possible manners - not necessary correct manners - to realize behaviors. One should
also consider neuron groups besides neurons. The recent trend is however just the opposite: there
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is even an attempt to reduce behavior to the molecular biology in accordance with nothing-butchemistry paradigm.
The coherent behavior of neuron groups manifesting itself as synchronous firing of neurons
would be the natural starting point. Here one encounters EEG. EEG correlates both with the
state of brain and contents of consciousness. Why brain should use large amounts of metabolic
energy to communicate information to outer space? Just for fun? Biology does not waste metabolic
energy. What is the purpose of this action bringing in mind communication? Who is the receiver?
This question has led to a considerable progress in TGD framework [K1, K3] by applying the new
physics predicted by TGD [L11].
A further important inspiration for this article came from learning of the basic facts about the
notion of mirror neuron (see http://tinyurl.com/d6svmf7) briefly discussed in the first article
of Poeppel et al [J2]. The notion of mirror neuron is extremely attractive because it could allow
automatic understanding of the observed goal directed behaviors of living systems. Sensory input
about behavior would generate automatically the imagined or even real motor action in some cases
and there would be no need for the attempt to understand why sensory input about behavior can
be associated to a neural activity representing intention about behavior or imagined behavior.
Mirror neuron hypothesis was deduced by studying macaque monkeys and generalized to higher
behaviors of humans without testing it at neuron level since this was not possible ethically. The
essential assumption is that understanding reduces to single neuron responses. Synchoronous
neural firing is involved and therefore also EEG waves, whose real function is not known, are
involved so that this kind of reductionism need not be realistic. One can also ask how neurons
learn to be mirror neurons: could mirror neuron activity be understood in terms of sensory-motor
associations.
The list of the proposed applications to humans is impressive: understanding intentions, imagination, learning facilitation, learning by imitation, automatic imitation and intentional motor
mimicry, understanding and learning of language, empathy, autism, theory of mind, human self
awareness. Also not so obvious applications such as understanding of gender difference, sleep paralysis - disinhibition of mirror neuron system, hallucinations, and empathy characterizing schizophrenia. One can however argue that mirror neuron hypothesis is not realistic in its strong form stating
that observed behavior (bodily motor action) active mirror neurons, which induce the motor action.
The proposed applications of mirror neuron hypothesis in its strong form lead to many inconsistencies. Poeppel mentions [J2] what he calls merological fallacy: psychological properties assignable
to entire organism are assigned to single neuron. Behavior is used to deduce hypothesis that mirror
neurons understand - a more realistic approach would rely in neuron groups and this again brings in
EEG and the questions raised by its unknown function. There are critical articles about mirror neurons describing in detail various failures [J5, J6, J4] (see http://tinyurl.com/y7jqljwv, http:
//tinyurl.com/y8pelhhl, and http://tinyurl.com/y7vhyfe6). The most intriguing anomalies
from TGD point of views relate to time anomalies: mirror neurons would act too fast, considerably
faster than simple estimates based on the rate of nerve pulse conductions and neural information
processing allow.

1.2

Brain wave synchrony between brain regions related to speech understanding and speech production

The popular article (see http://tinyurl.com/y8a4puca) that inspired this article mentioned also
an article [J3] (see http://tinyurl.com/y79r62v9) by David Poeppel and his student Florencia
Assaneo. The frequency f for syllables of understandable speech varies between 2 and 7 Hz and the
average frequency of the syllables in various languages is about 4.5 Hz. Auditory region related
to the understanding of speech - Wernicke’s area - entrains with the frequency for the rate for
syllables in the range 2-7 Hz.
The discovery was that speech motor region - Broca’s area- at opposite brain hemisphere
- entrains with the auditory region in the range 4-5 Hz and resonance occurs around 4.5 Hz.
Therefore the synchronous firing and associated brain waves could play an essential role in the
understanding of speech. The interpretation could be that the speech input at these frequencies
generates internal speech as imagined motor action not propagating to the level of speech organs
(usually).

1.3
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Time mirror relation and mirror neuron hypothesis

TGD based model for behavior and also mirror neurons relies on TGD inspired theory of consciousness [L8] in which zero energy ontology (ZEO) plays a crucial role. ZEO predicts that the
arrow of time can vary and indeed does so in living matter. A natural conjecture is that sensory
perception and motor action are time reversals of each other so that motor action would be sensory
perception in reverse time direction. Sub-selves of self - mental images - would form an analog of
monad network introduced by Leibniz long time ago. They would however reflect each other time
direction rather than spatial directions: ...-sensory-motor-sensory...
Time mirror hypothesis explains surprisingly many time-related anomalies in living matter and
neuroscience such as the classical discovery of Libet [J1] that neural activity precedes conscious
decision by a fraction of second: physicalistic explanation would be forced to give up free will. The
study of mirror neurons has revealed further anomalies of this kind: in particular, mirror neurons
react much faster than the estimates based on the conduction velocities of nerve pulses and the
rates of information processing in brain would suggest. If motor action is sensory perception in
reversed time direction, one could get rid of these anomalies. Quite generally, sensory perception
of B by A and its time reversal as motor action would be fundamental building brick in conscious
information processing and would allow to use memory storages in geometric past to generate
planned responses in much shorter time than velocities of nerve pulse conduction would suggest.
Besides the sensory-motor duality as time reversal, the TGD based view about space-time and
classical fields predicts that any system has field identity - field body or magnetic body (MB)
and that MB can be seen as an intentional agent using biological body as a sensory receptor
and motor instrument. A further piece in TGD story is the identification of dark matter as a
hierarchy of phases of ordinary matter labelled by the value of hef f = n × h0 of effective Planck
constant and residing at MB. In this framework the observed entrainment of left and right language
regions around 4.5 Hz can be seen as additional support for the idea that EEG is involved with
communication from brain to MB possessing a hierarchical onion-like structure corresponding to
analogs of EEG at in various frequency ranges.

2

TGD based model for sensory-motor consciousness

TGD based model for sensory-motor consciousness relies on the hypothesis that sensory perception
and motor action are time reversals of each other. Second assumption is that sensory percept
and therefore also motor action is constructed by an iterative process involving forth-and-back
communications by dark photons between sensory areas and sensory organs at which sensory
qualia are assigned in TGD framework (this is possible assuming ZEO based view about time).
The outcome of this iteration is standardized mental image as near as possible to the sensory input
picking up only the features relevant for survival.
This process could correspond to single sub-self representing mental image and communications
in single direction of geometric time. A more general view is that this process corresponds to a
sequence of this kind of iterations as sequence of re-incarnations of mental images so that communications in both directions of time would be involved. The prediction is that sensory consciousness
is not a continuous stream but contains black spots.

2.1

Basic ideas of TGD related to consciousness and biology

It is good to start by listing the basic assumptions of TGD inspired quantum theory of consciousness
and of biology.
MB is central for TGD inspired biology.
1. A first key notion appearing at the level of TGD inspired quantum biology is due to the
differences between Maxwellian and TGD based view about classical em fields. In Maxwellian
world the em fields of separate systems superpose and the information is lost much like in the
formation of sum 7= 3+4: one does not know whether ’7’ is the outcome of 7+0, 6+1,5+2,
or 4+3. Now one does not know what the fields in the superposition are. In TGD framework
many-sheeted spacetime stores the information since the fields of given system are at their
own space-time sheets defining field identity, field body or MB.
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MB has hierarchical onion-like structure corresponding to different lengths scales. The communications from biological body to EEG and vice versa are possible by the generalization of
EEG. Josephson radiation assignable to cell membrane mediates information about sensory
input and MB controls BB by using cyclotron radiation as a tool.
One can say that MB serves as an intentional agent using biological body as a sensory receptor
and motor instrument. Biochemistry would be controlled by MB and represent a kind of
shadow dynamics. The MB of DNA is conjectured to realize genetic code in terms of dark
proton sequences with entangled state of 3 protons defining genetic codon. Similar picture
applies also to other basic biomolecules. This encourages the hypothesis that inheritance is
basically realized at the level of MB and genes code for 4-D dynamical patterns - biological
functions - rather than only for 3-D structures.
2. MB can be seen as 4-D entity rather than 3-D object. The biological interpretation of 4-D
MB would be as the classical correlate for behavior. In WCW picture the second end of
MB at the active boundary of CD cannot be fixed like the end at the passive boundary
to single state. For the cognitive representations with finite measurement resolution to be
discussed below this could be the case so that one could speak of unique classical space-time
in fixed measurement resolution in accordance with everyday thinking. In fermionic degrees
of freedom one cannot fix the state at active boundary.
MB is preferred extremal of the action and satisfies extremely powerful additional conditions
so that it represents kind of archetypal field pattern. 4-D MB is also analogous to a computer program and the superposition of time evolutions of MB could be regarded as quantal
computer program running. State function reductions as acts of free will put a new program
running.
Adelic physics is second central part of TGD.
1. Number theoretic vision about physics - adelic physics [L6, L7] leads to the hypothesis about
hierarchy of effective Planck constants hef f = n×h0 defining a hierarchy of phases of ordinary
matter identified as dark matter. n corresponds to the dimension of extension of rationals
and for Galois extensions to that of Galois group. The larger the value of n, the larger
the maximal value of p-adic entanglement negentropy so that n serves as a kind of IQ. The
energies of quantum states as function of n increase and the increase of n requires a feed of
metabolic energy.
2. The preferred p-adic primes p are tentatively identified as ramified primes for which the
ordinary primes do not decompose to a maximal number of primes of extension but there
are less than the maximum number of them and some primes occur several times. There
is a direct analogy with the decomposition of polynomials to a product of monomials. At
criticality some roots co-incide and power of monomial appears. The natural interpretation
would be in terms of quantum criticality.
3. p-Adic length scale hypothesis [K10] emerged via p-adic mass calculations already before I
had not realized that p-adic physics is an excellent candidate for the physics of imagination,
intention, and cognition and is in central role in concrete applications. For instance, the
length scale range between 10 nm and 2.5 µm especially relevant for biology contains four
Gaussian Mersenne primes - this is a number theoretical miracle [K2].
4. In adelic physics imagination would correspond to the failure of strict determinism of p-adic
differential equations due to the existence of p-adic pseudo constants - functions depending
on finite number of pinary digits but having vanishing derivative. The challenge is to find
concrete examples in which this p-adic vision about cognition, imagination, and intention
is be realized. The challenge is not easy since p-adic number fields represent mathematics
completely new for even physicists.
TGD inspired theory of consciousness [L8] relies on zero energy ontology (ZEO).
1. ZEO based theory of quantum measurement allowing to solve the basic paradox of the standard quantum measurement theory make observer part of the physical. The nondeterministic
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causality of free will and deterministic causality of unitary time evolution and of classical
field equations are not in conflict anymore. The basic outcome is the notion of self as a
conscious entity.
Causal diamond (CD) and zero energy state are the key notions of ZEO. Zero energy state
is a superposition of pairs of ordinary quantum states at opposite boundaries of CD with
members having opposite total quantum numbers to guarantee classical conservation laws
for the time evolutions connecting the members also classically. These pairs are analogous to
events with members of zero energy state defining analogs of initial and final state of both
classical and quantal time evolution.
2. Evolution of self can be seen as a sequence of unitary evolutions leaving the passive boundary
of CD and members of states at it unaffected but inducing dispersion of the active boundary
in the moduli space of CDs. This is followed by “small” state function reduction defining an
analog of weak measurement (see http://tinyurl.com/zt36hpb) inducing localization of
the active boundary of CD in the moduli space, in particular meaning measurement of clock
time identified as temporal distance between the tips of CD. As a consequence, the size of
CD increases at least in statistical sense and this is experienced as flow of time.
The process eventually stops since one expects that all observables are eventually measured
and further time evolution would require extension of rationals involved if one wants that the
eigenstates of density matrix are still in the extension. The proposal is that the extension
cannot increase in “small” state function reduction. Next step is “big” state function reduction as analog of ordinary state function reduction in which the roles of boundaries of CD
are changed. Self dies and reincarnates in opposite time direction and CD starts to increase
in opposite time direction.
3. Since deterministic time evolution of state replaces time= constant snapshot as a basic notion,
this leads to a new view about geometric time and its relation to experienced time: one can
speak about 4-D brain, about signalling in both time directions, a new view about memory
emerges, and various time anomalies such as that found by Libet [J1] find an explanation.
4. Motor action as time reversal sensory perception is a conjecture made for years ago. The
challenge is to find support for the hypothesis. In this article this hypothesis is studied in
more detail and the generalization of mirror neuron hypothesis to time mirror hypothesis
is proposed. This generalization would apply to any conscious entity and one could see
all conscious entities perceiving each other and interacting as kind of Leibniz monads time
mirroring each other.

2.2

Challenging ZEO and CDs

In order to proceed it is best to not forget to invent objections against the the new assumptions.
The notion of ZEO and CD are the certainly such notions.
There are critical questions related to the definition of the hierarchy of CDs.
1. What determines CD? Somehow the space-time dynamics should do it without any ad hoc
assumptions. There are indeed strong indications from M 8 − H correspondence, that CDs
emerge naturally from the properties of octonionic polynomials [L4].
For instance, 8-D Poincare transformation generate different octonion structures and time
axis as real axis for octonions must contain the tips of CD. The preferred octonionic coordinates are highly unique and allow only the rotations leaving time axis defining the rest system
invariant. Poincare symmetries are real symmetries but change the octonion structure. If the
definition of octonion structure involves also the preferred associative subspace as M 4 ⊂ M 8
and the choice M 2 ⊂ M 4 as preferred commutative sub-space, the coordinates are highly
unique as required by the number theoretic vision. This uniques corresponds to uniqueness
at the level of H.
2. Do space-time surfaces continue beyond CD or do they have naturally ends at boundaries of
CD? For instance, could it happen that all the roots for the octonionic polynomials become
complex outside CD so that one cannot have real roots. If one requires that space-time
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surface corresponds to real root rather than projection to a real sub-space of M 8 this cold
force CDs. Why the ends would be M 4 light-cones (with points replaced with CP2 ? Twistor
Grassmann approach [K12, K14] suggests that CDs can contain sub-CDs connected by the
analogs of lines of twistor diagrams and represented as 4-surfaces representing mass shall
particles in complex sense and having minimal surfaces as space-time correlates.
3. Can CDs intersect and overlap and how to describe this mathematically at space-time level?
What would be the physical interpretation for the overlap?
One can also invent criticism related to conscious experience.
1. CDs would represent kind of spot-light of consciousness defining 4-D perceptive field of subself. The size of CD increases reduction by reduction at least in statistical sense. Sub-selves
of self would correspond to mental images and have sub-CDs as imbedding space correlates.
The intuitive idea is that mental images can appear and disappear. Does this mean that
sub-CDs can also appear and disappear in some sense? Is this natural mathematically?
Conservation laws force the total quantum numbers at its opposite boundaries to be opposite.
The analogy of zero energy state in QFT would be vacuum fluctuations. The CD and
corresponding zero energy state would obey the usual evolution giving rise to self. If CD of
finite size has vacuum quantum numbers at its both boundaries, its creation from vacuum is
allowed by conservation laws. Is this kind of zero energy state for any CD equivalent with
having no CD at all? If so then the disappearance of mental images is possible if the mental
image contains in its wave function also vacuum-vacuum part carrying no information.
2. It has been assumed that CDs increase monotonously in size during the sequence of “small”
state function reductions giving rise to self as a generalized Zeno effect. The assumption
about monotonic increase of size is however un-necessarily strong. The reason is that in the
moduli space of CDs (determined by the action of Poincare group and size scale of CD) the
number of CDs larger than given CD is infinitely larger than those with smaller size so that
in statistical sense CD is bound to increase.
3. What about sub-selves of given self? Is self conscious also about its sub-selves with an
opposite arrow of time? If one looks at lamp and closes eyes, one finds that the after image
appears and disappears periodically. If this corresponds to a periodic re-incarnation of subself, the sub-selves with opposite time orientation would not be experienced as mental images
by self. The interpretation of sensory percept in opposite time direction as a motor action
would make the absence of after image natural.
4. The idea that big state function reductions take place when the density matrix has eigenvalues
not belonging to the extension of rationals defining the entanglement coefficients is very
attractive number theoretically but can be claimed to be somewhat ad hoc.

2.3

ZEO based model for sensory-motor consciousness

Let us summarize the ZEO based view about sensory-motor consciousness.
1. Quantum jumps between superpositions of temporal patterns define selves and therefore also
mental images in ZEO. Consciousness is in the quantum jumps - between initial and final
worlds - rather than in the world itself so that consciousness is not a property and one should
not use “-ness” of physicalist.
That visual consciousness fades if the pupil is not in saccadic motion relative to the visual
field conforms with the prediction that consciousness in the quantum jump replacing the
quantum world with a new one.
2. Motor action is identified as time reversal of sensory perception. The interpretation in standard direction of time is as a motor response. During this period there would be not sensory
consciousness. The phenomenon of after images supports the vision about sequence of reincarnations of mental images as sub-selves. Even the prediction of re-incarnation, which
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certainly tests the patience of physicalist, finds direct support. The temporary absence of
after image correspond to an after image living in opposite direction of time and having
interpretation as motor action. The mental images with time direction opposite to that of
self would not be consciously experienced.
3. In the model proposed earlier [L3] sensory mental images are produced by iteration in which
signals travel forth and back between sensory organ and brain (and even MB and sensory
organ) and the virtual sensory input adds to the real one to generate standardized mental
images containing only the features relevant for survival. This would be essentially pattern
recognition, finding the standard mental images nearest to the sensory input by using virtual
sensory input.
The signalling is by dark photons - nerve pulses would be quite too slow for this purpose
and they would only generating communication pathways - kind of wave guides - by building
transmitter bridges connecting pre- and post-synaptic neurons. The flux tubes of MB would
accompany axons and dark photons would propagate along them.
4. One can ask whether the forth-and-back communication is in a fixed direction of time or
whether the time direction varies so that one would have a sequence of re-incarnations for
mental images: ...-sensory-motor-sensory-...
It must be emphasized that each step between two time reflections involves a sequence of
unitary evolutions followed by weak measurements, and that this period could involve forth
and back communications between sensory organ and say brain with single direction of time.
Therefore both mechanisms could be involved. One can also argue that the virtual sensory
input should contain the component in the standard time direction. If it were in the opposite
direction of time only, it is not clear whether it could superpose with the ordinary sensory
input.
The sensory input in opposite time direction is free from the limitations posed by the finite
conduction velocity of nerve pulses and light-velocity. In principle, time travel to the layers
of MB in distant past providing information about memories could contribute to the eventual
motor response. Also now time would grow in the sense that the size of CD grows in statistical
sense at least.
One could also speak of pattern recognition in 4-D sense at classical level. For cognitive
representations in terms of common points of real and p-adic space-time surfaces (belonging
to an extension of rationals) there could be a complete localization in the “world of classical
worlds” (WCW) to a discretized space-time surface. Actually this would be only localization
modulo finite measurement resolution.
5. This picture would apply as such to motor action. Also motor action would be generated by
a similar sequence using virtual sensory input in opposite time direction to reach standard
motor output. Also sensory and motor imagination can be understood in this framework as
also hallucinations and psychedelic experiences [L2].
6. The basic prediction is gaps in sensory (say visual) consciousness due to the motor actions
inducing a motion of sensory organ or part of it, say pupil. By looking at mirror anyone
can indeed verify that eye cannot see the motion of pupil. A general qualitative implication
would be that the performance on motor action is optimal when sensory input is minimal
and vice versa. It is known that sensory consciousness is not continuous but contains black
spots.
It is known that during attention shift visual consciousness is lost (see http://tinyurl.
com/ych6atb6), and since saccadic motion means shifting of attention, one can argue that
visual awareness is lost during the motion of pupil.
Saccadic motions (see https://en.wikipedia.org/wiki/Saccade) induced by an unexpected stimulus normally take about .2 seconds to initiate, and then last from about 20200
ms (2030 ms is typical in language reading). The estimate for the duration of the sensory
mental image is about .1 seconds as cronon of sensory subjective time. If the unexpected
stimulus emerges during visual mental image it does not affect it since attention is not directed towards it yet. Mental image must die and re-incarnate in reversed time direction as
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motor action inducing saccadic motion. After that reincarnation in the original time direction
as visual mental image would occur. This would take about .2 s at least.
Attention blinking (see https://www.verywellmind.com/what-is-attentional-blink-2795017
is an analogous phenomenon. The subject person perceives a rapid series of numbers in monitor and is asked to report when she sees numbers 2 and 7 in successions. It turns out that
if the numbers follow each other within time interval about .5 seconds, the subject does
not notice their appearance. This suggests that the duration of sensory percept is about .5
seconds and longer than the time scale about .1 seconds providing estimate for the lifetime
of visual mental image. A hierarchy of time scales is predicted and attention blinking would
correspond to a considerably longer time scale in the hierarchy.
Pieces of evidence for this vision emerge from various time anomalies of consciousness.
1. Libet’s findings [J1] about neural activity preceding conscious decision are so familiar that
there is no need to repeat them. The reaction times of boxers are of order 60 ms and
are too fast to be understood in terms of neuroscience. Penrose has also described similar
strange findings in the case of tennis players. There are also strange findings in the case of
mirror neurons. All these findings can be understood if motor action is sensory perception
in reversed time direction.
2. The observed de-synchrony of motor neurons after motor action came as a news to me.
Synchrony is identifiable as a correlate of quantum coherence at the level of MB controlling
the neurons. It has TGD based interpretation in terms of “big” state function reduction
changing the roles of motor neurons and of motor organs. Motor organs become quantum
coherent passive boundary of CD and neuronal end of CD becomes active boundary and
ceases to be in synchrony.
Motor action as a time reversal of sensory percept inspires fascinating ideas [L2] [K7, K6, K4,
K13] about communications with geometric past since light-velocity ceases to be a limiting factor
and one can visit in distant past. TGD based vision about memories indeed is that the geometric
memories are in geometric past, in principle where the events first happened. It is of course possible
possible and useful to construct copies of the memories and active memorizing by repeated memory
recalls would be one form of learning.
In this picture sensory percept would be followed by a visit to geometric past or even sequences
of visits forth and back to rummage memories. Only the time lapse assignable to the increase of
the size of CD would pose limits on the time used. This might revolutionize the picture about
sensory and motor consciousness.

2.4

p-Adic physics as correlates of imagination, cognition, and intention

The idea that p-adic physics could provide physical correlates of imagination, cognition, and intentionality is very attractive. The challenge is to formulate in more concretely and perhaps even
find direct applications in neuroscience.
2.4.1

Imagination, intention, cognitive representations and real world

p-Adic preferred extremals involve p-adic pseudo constants having vanishing derivative by definition and depending on finite number of pinary digits. For p-adic extremals having interpretation
as real preferred extremals the pseudo constants become genuine. Imagination is realized when
p-adic pseudo constants are possible.
1. This inspires the general idea is that motor action is generated by a repeated trial and error
procedure in which p-adic variant of the preferred extremal is replaced by a more realistic
one. The real counter part of p-adic preferred extremal would increase in size scale and
eventually connect both boundaries of CD and define a realization of intention as action.
I have compared this process to building a four-dimensional statue starting from a rough
sketch.
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2. One has two interpretations for what this could mean at the level of motor system. Motor
action as time reversal of sensory action would suggest that the process begins from muscles
as time reversed sensory signal providing a rough sketch of the motion and is reflected back
if the completion to full real extremal fails and followed by a new trial. The process would be
repeated until full realization would be achieved. In standard direction of time motor action
would begin from brain as neuroscience pictures it or even MB. This would conform with the
fact that we experience the motor action as starting from muscles rather than brain. The
intuitive picture that MB controls brain rather than muscles conforms with the idea of motor
action as time reversed sensory perception.
A similar description would apply to sensory perception in standard time direction. The forthand-back iteration as trial and error process would proceed gradually to higher and higher
levels in the hierarchy starting from sensory organ and continuing via primary, secondary
and tertiary sensory areas and eventually possibly reaching MB via EEG.
There are several descriptions for this completion process giving rise to a full perception or
motor action via trial and error process.
1. Continuum picture is based real and p-adic space-time surfaces. Here the notion of “world
of classical worlds” (WCW) is essential [K11]. At this level strong form of holography (SH)
allows a formulation of the idea about completion of intention to action. One can assign
data to 2-D surface and continue so that it gives 4-D space-time surface by strong form of
holography.
In p-adic case this is easy by the existence of p-adic pseudo constants. In the real case the
continuation need not be possible. If p-adic pseudo constants can be chosen to be genuine
constants then the realization of imagination and intention is realizable.
2. Second view is based on discrete cognitive representations as intersection of p-adicities and
reality [L6, L7]. One assigns to real and p-adic preferred extremals common points having
coordinates in the extension of rationals considered. The symmetries of the imbedding space
allow very restricted class of preferred coordinates so that problems with general coordinate
invariance can be overcome. This set of points is discrete and perhaps even finite set.
3. M 8 − H duality provides a third view. One must complexify M 8 so that one has complexified octonions Mc8 . This means the addition of imaginary unit i commuting with octonionic
imaginary units. The vanishing of real or imaginary part of octonionic polynomial in quaternionic sense (o = q1 + Jq2 ) defines the space-time surface. Octonionic polynomial itself is
obtained from a real polynomial by algebraic continuation so that in information theoretic
sense space-time is 1-D. The roots of this real polynomial fix the polynomial and therefore
also space-time surface uniquely. 1-D line degenerates to a discrete set of points of an extension in information theoretic sense. In p-adic case one can allow p-adic pseudo constants
and this gives a model for imagination.
The roots x + iy of the real polynomial need not however be real. There are two options.
(a) I have proposed in [L4, L5] that the projection from Mc8 to real M 4 (for which M 1
coordinate is real and E 3 coordinates are imaginary with respect to i!) defines the real
space-time surface mappable by M 8 − H duality to CP2 .
(b) An alternative option, which I have not considered in the original versions of [L4, L5] is
that only the roots of the 4 vanishing polynomials as coordinates of Mc4 belong to M 4 so
that m0 would be real root and mk , k = 1, ..., 3 imaginary with respect to i → −i. Mc8
coordinates would be invariant (“real”) under combined conjugation i → −i, Ik − Ik .
In the following I will speak about this property as Minkowskian reality. This could
make sense. Outside CD these conditions would not hold true. This option looks more
attractive than the first one. Why these condition can be true just inside CD, should
be understood.
4. The first two approaches would be equivalent if M 8 − H duality defines the cognitive representations as roots of polynomials. The use of polynomials or rational functions could be also
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an approximation. Analytic functions of real variable extended to octonionic functions would
define the most general space-time surfaces but the limitations of cognition would force to
use polynomial approximation. The degree n of the polynomial determining also hef f = nh0
would determine the quality of the approximation and at the same time the “IQ” of the
system.
Consider now the third approach in more detail.
1. One argument against number theoretic vision is that it breaks general coordinate invariance since the choice of cognitive representation depends on the choice of imbedding space
coordinates. At level of M 8 this objection can be circumvented since the choice is highly
unique. 8-D Poincare transformations generate different octonion structures and time axis as
real axis for octonions must contain the tips of CD. The preferred octonionic coordinates are
highly unique and allow only the rotations leaving time axis defining the rest system invariant. Poincare symmetries are real symmetries but change the octonion structure. Since the
definition of octonion structure involves also the preferred associative subspace as M 4 ⊂ M 8
and the choice M 2 ⊂ M 4 as preferred commutative sub-space, the coordinates are highly
unique as required by the number theoretic vision. This uniqueness induces uniqueness at
the level of H.
2. One can think of starting from one of the 4 vanishing conditions for the components of
octonionic polynomial guaranteeing associativity. Assuming real roots and continuing one
by one through all 4 conditions to obtain 4-D real regions. One of the coordinates is real and
others purely imaginary with respect to i. If this region does not connect 3-D surface at the
boundaries of real CD, one must make a new trial.
Cusp catastrophe determined as the zero locus of third order polynomial provides an example.
There are regions with single real root, regions with two real roots (complex roots become
real and identical) defining V-shaped boundary of cusp and regions with 3 real roots (the
interior of the cusp).
3. The restriction of the octonionic polynomial to time axis m0 identifiable as octonionic real
axes is a real polynomial with algebraic coefficients. In this case the root and its conjugate
with respect to i would define the same surface. One could say that the Galois group of the
real polynomial characterizes the space-time surface although at points other than those at
real axis (time axis) the Galois group can be different.
One could consider the local Galois group of the fourth quaternionic valued polynomial, say
the part of quaternionic polynomial corresponding to real unit 1 when other components are
required to vanish and give rise to coordinates in M 8 ⊂ Mc8 - Minkowskian reality. The
extension and its Galois group would depend on the point of space-time surface.
An interesting question is how strong conditions Minkowskian reality poses on the extension.
Minkowskian reality seems to imply that E 3 roots are purely real so that for an octonionic
polynomial obtained as a continuation of a real polynomial one expects that both root and
complex conjugate should be allow and that Galois group should contain Z2 reflection i → −i.
Space-time surface would be at least 2-sheeted. Also the model for elementary particles forces
this conclusion on physical grounds. Real as opposite to imagined would mean Minkowskian
reality in mathematical sense. In the case of polynomials this description would make sense
in p-adic case by allowing the coefficients of the polynomial be pseudo constants.
4. What data one could use to fix the space-time surface? Can one start directly from the
real polynomial and regard its coefficients as WCW coordinates? This would be easy and
elegant. Space-time surface could be determined as Minkowskia real roots of the octonionic
polynomial. The condition that the space-time surface has ends at boundaries of given CD
and the roots are not Minkowskian real outside it would pose conditions on the polynomial.
If the coefficients of the polynomial are p-adic pseudo constants, this condition might be easy
to satisfy.
The situation depends also on the coordinates used. For linear coordinates such as Minkowski
coordinates Minkowskian reality looks natural. One can however consider also angle like coordinates representable only in terms of complex phases p-adically and coming as roots of unity and
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requiring complex extension: at H-side they are very natural. For instance, for CP2 all coordinates
would be naturally represented in this manner. For future light-cone one would have hyperbolic
angle and 2 ordinary angles plus light-cone proper time which would be real and positive coordinate.
Could one build the extension from a real extension involving only real algebraic numbers
and from complex extension involving roots of unity. These roots of unity would be expressible
exp(i2π/n) = cos(2π/n) + isin(2π/n). Minkowskian real extension would be enough at M 8 side
for M 4 points and the extension involving also roots of unity would apply at H-side. Note that
also real combinations of complex roots such as cos(2π/n) and sin(2π/n) can be regarded as real
and can appear in m0 .

3

TGD view about mirror neurons

Mirror neurons provide an application for the TGD view about sensory-motor activity replacing
mirror neuron hypothesis with time mirror hypothesis.

3.1

Basic facts about mirror neurons

A mirror neuron (see http://tinyurl.com/d6svmf7) is a neuron that fires both when an animal
acts and when the animal observes the same action performed by another. Mirror neurons were
discovered by studying macaques: the inferior frontal gyrus (region F5) and the inferior parietal
lobule were found to contain them. Mirror neurons are motor neurons firing when the animals
perceives visually motor action and also when animal itself generates a goal directed motor action.
10 per cent of neurons in inferior frontal and inferior parietal cortex of macaques are mirror neurons.
The mirrored motor actions could correspond to heritable genetic factors.
Such neurons have been directly observed in some primate species. Birds have been shown to
have imitative resonance behaviors and neurological evidence suggests the presence of some form of
mirroring system. For ethical reasons the testing of the hypothesis is not possible at neuronal level
for humans and other methods such as fMRI must be used. Bain activity consistent with that of
mirror neurons has been however found in inferior frontal cortex, premotor cortex, supplementary
motor area, the primary somatosensory cortex and the superior parietal lobe.
The function of the mirror system in humans is a subject of much speculation. Some researchers
in cognitive neuroscience and cognitive psychology consider that this system provides the physiological mechanism for the perception/action coupling (see the common coding theory). They
argue that mirror neurons may be important for understanding the actions of other people, and
for learning new skills by imitation. Some researchers speculate that mirror systems may simulate
observed actions, and thus contribute to theory of mind skills, while others relate mirror neurons
to language abilities. Neuroscientists such as Marco Iacoboni (UCLA) argue that mirror neuron
systems in the human brain help us understand the actions and intentions of other people. In a
study published in March 2005 Iacoboni and his colleagues reported that mirror neurons could
discern whether another person who was picking up a cup of tea planned to drink from it or clear
it from the table. In addition, Iacoboni has argued that mirror neurons are the neural basis of the
human capacity for emotions such as empathy.
In humans mirror neurons would be involved in action knowledge, imitation and pantomime
interpretation (not possessed by adult monkeys), and biological motion perception. Supplementary
motor area and medial temporal cortex would be also involved. In the case of language interpretation possibly as internal speech speech motor region - Broca’s region proposed to be a homologue
of monkeys ventral premotor cortex, and Wernicke’s are in opposite brain hemisphere responsible
for speech perception are especially interesting.
Many functions for mirror neurons have been suggested and some of the are not consistent with
what has been found in monkeys or have not been found in monkeys. The list of the proposed
applications to humans is impressive: understanding intentions, imagination, learning facilitation,
learning by imitation, automatic imitation and motor mimicry, understanding and learning of
language, empathy, autism, theory of mind, human self awareness. There are also not so obvious
applications such as understanding of gender difference, sleep paralysis - disinhibition of mirror
neuron system, hallucination, and empathy characterizing schizophrenia. Mirror neuron hypothesis
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is however criticized as being too limited in its basic form stating that the strong form stating that
observed behavior (bodily motor action) activates mirror neurons, which induce the motor action.

3.2

Time mirror mechanism as TGD counterpart of mirror neuron hypothesis

Time mirror hypothesis is a natural generalization of mirror neuron hypothesis in TGD framework.
The two systems would to correspond to opposite ends of CD and in big state function reduction
their roles would change.
3.2.1

When two systems can be in time mirror relationship?

When two systems can be in time mirror relationship?
1. Speech and its understanding are in very special role as also the results of Poeppel and his
student [J3] show. In TGD framework the time mirror relationship would be between the
brain regions involved with the understanding of speech at and those involved with speech
production at the opposite hemisphere.
2. The model for the generation of sensory percept as a forth-and-back communication between
sensory organ and brain (or even MB) involving dark photon signals propagating with light
velocity in same time direction. Time mirror hypothesis applied to sensory organs and brain
suggests a generalization of this picture: sensory organ and the sensory cortex are in time
mirror relationship making possible a sequence of reincarnations of the mental image so that
signals can proceed in both directions of time. This would conform with the fact that the
sensory consciousness has gaps.
3. Could any mutually communicating brain regions be in time mirror relationship? The presence of magnetic flux tubes along which dark photons can propagate is assumed to serve
as a correlate for directed attention. Could their presence guarantee also the time mirror
relationship. For instance, the neuron groups of primary, secondary and tertiary sensory and
motor regions, and premotor regions and primary motor regions attend to each other and
therefore be in time mirror relationship. This could be true also for the regions of brain and
parts of MB. This would conform with the hypothesis that MB both perceives and controls
biological body and is responsible for the third person aspect of consciousness [K5]. This
would conform with Leibnizian monadology.
4. Could even sensory organs and target of attention be in time mirror relationship? The perceiver could to some degree control the target of her attention. It is known that authoritative
and charismatic persons such as performing artists can have very strong effect to persons that
they attend and are attended by. Could also hypnosis be based on the same mechanism [K9].
The motor reaction of the attended target could come come “too fast”, even before becoming
becoming target of attention.
If directed attention induced by flux tube connections is enough for time mirror relationship
then mirroring property is not static and depends on the relationship between two subsystems.
Learning of mirror property would be generation of directed attention. This would make the
model more flexible.
3.2.2

Time mirror hypothesis and the basic aspects of mirror neuron activity

Time mirror hypothesis allows to understand the basic aspects assigned with mirror neuron activity.
1. The percept of motor activity generates imagined or even real motor activity. Internal speech
as almost speech is one example. Also real motor activity is generated by the same neuronal
activity but for some reason the activity does not proceed to the muscles.
2. Mirror neuron activity is able to distinguish between biological motion and motion of inanimate matter. Time mirror hypothesis reduces the question to that about which systems can
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be in time mirror relationship. It is obvious that motor neuron activity cannot induce motion
of in-animate matter since it is not under motor control so that the problem disappears.
An interesting question relates to the possible distinction between actual motion and video
about actual motion. If the attention involves formation of flux tubes between target and
perceiver, there might be differences.
3. Mirror neuron activity seems to require goal directedness of the action meaning that the
action is intentional. Time mirror hypothesis allows to understand also this.
3.2.3

Time mirror hypothesis and criticism of mirror neuron hypothesis

In the following I consider the criticism of mirror neuron hypothesis [J5, J6, J4] (see http://
tinyurl.com/y7jqljwv, http://tinyurl.com/y8pelhhl, and http://tinyurl.com/y7vhyfe6)
from the point of view of TGD.
There are several time anomalies involved.
1. Typically mirror neurons react “too fast” [J6, J4]. Sensory-motor associations are too slow to
explain these time anomalies for the same reason so that the question is not about mechanism
but about the view about time.
2. Measurements of neuron firing delay seem to be incompatible with standard reaction times
[J6, J4]. The articles [J6, J4] mention boxers an an example. The estimate for the reaction
time based on the knowledge of the conduction velocity of nerve pulses and neural processing
would be about 200 ms. The actual reaction time is around 60 ms. The boxer cannot
automatically perform the mirror the motion of the opponent but must be able to decide
what to do on basis of the perceived motion. If mirror neurons are involved, there must be
a step involving a reaction to the mirrored bodily movement with different movement.
One could argue that anticipation based on facial expression realized in terms of mirror
neurons is in question. But also now the mirror neuron response would be facial expression,
real or imagined! Penrose mentions as similar example about tennis players in “Shadows of
Mind” [J7]: in this case seeing of the facial expression is not possible.
3. Only the type of action, and not the kinematic force with which models manipulated objects,
determines neuron activity. According to [J6, J4] it was also significant that neurons fired
before the monkey observed the human model starting the second motor act (bringing the
object to the mouth or placing it in a cup). Therefore, IPL neurons “code the same act
(grasping) in a different way according to the final goal of the action in which the act is
embedded”. They may furnish a neural basis for predicting another individual’s subsequent
actions and inferring intention. How the mirror neurons knew that the action is goal directed
and intended to a particular goal although there was no information about it. Also in this
case the same TGD based explanation applies: motor areas received actual information about
the goal in by signals in non-standard time direction.
Time mirror hypothesis allows to understand these anomalies. The sensory percept corresponds
to one end of CD and its second end corresponds to an action determining motor action as a reaction
to the sensory percept. What is remarkable that a lot of processing could be done in geometric
past since the signal could continue to the MB of geometric past.
One could also consider an alternative explanation. In TGD framework directed attention would
correspond generation of magnetic flux tubes connecting boxers and making possible entanglement
and sharing of mental images making possible telepathy. This could be tested: do mirror neurons
react to actual motor actions (telepathy) and to a video about motor actions (no telepathy) in a
similar manner.
There are also other objections against mirror neuron hypothesis.
1. One can argue that mirror neurons must learn to act as mirror neurons during the development of individual. There is however a problem: a new-born infants can mimic gestures
although she has never seen them earlier. One explanation would be that these gestures
correspond to fixed action patterns, innate and instinctive behaviors coded by genes.
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What about the situation in TGD framework. The first explanation would be that brain
regions of infant direct their attention to the sensory areas considered. This is however more
like learning.
Second explanation would be genetic. One can say that genes code for the 4-D preferred
extremals represent magnetic bodies and serve as templates for biochemistry. A basic hypothesis is that DNA and other basic biomolecules are accompanied by parallel flux tubes
carrying sequences of dark protons - dark nuclei - realizing also genetic code and communicating between themselves using dark photon triplets - kind of 3-chords for music of light realizing genetic code too [L1, L12].
In this picture one could say that dark genes at the MB of DNA associate/code for ordinary
genes in turn coding for the biolochemistry of the ordinary biomatter. This would be in
accordance with the vision that bio-chemistry is controlled and induced by MB acting as
boss and having larger value of hef f and thus higher “IQ”.
2. There are also problems with adaptation. Mirror neuron hypothesis in its original form
predicts that there should be a complete symmetry between sensory and motor sides. Also
adaptation should be completely symmetric. In the experiments [J5] (see http://tinyurl.
com/y7jqljwv) adaptation to motor actions, which were performed and then observed or vice
versa. Four cases were studied. Motor actions were repeated, motor actions were repeatedly
perceived, motor action was first observed and then carried out, and motor action was first
carried out and then observed.
In the first two cases adaptation was observed. Also in the third case as one expects also
in the case that association between sensory percept and motor action is in question. In
the fourth case adaptation was not observed and this does not conform with mirror neuron
hypothesis. It was however later found that the situation is symmetric in the case of goal
directed action.
In TGD framework the result can be understood if only goal directed actions involve the
pairing between its sensory percept and realization and assignable at opposite boundary of
CD. This of course is very natural definition of goal directed action.
3. At F5 premotor regions of monkeys there many neurons, which do not act as mirror neurons
in the sense that they would respond to a perception of goal directed motor actions. For
instance, there are neurons firing for graspable objects alone. Could the mere sensory percept
induce an imagined motor action - grasping the object. Is this sensory-motor association or
analog of mirror neuron activity?
What about the interpretation in TGD? Is sensory-motor association in question or do the
boundaries of CD represent the percept of a graspable object and the act of grasping. If the
mirror neurons have learned to direct their attention to the sensory neurons active when the
motor action induced by them is perceived, one could interpret the situation in terms of time
mirror hypothesis. One might also argue that in the case of static perceptions there is no
compelling reason for fast reactions so that sensory-motor association could be enough.
4. According to [J4], “Despite its widespread acceptance, the proposal has never been adequately
tested in monkeys, and in humans there is strong empirical evidence, in the form of physiological and neuropsychological (double-) dissociations, against the claim.”. These dissociations
would mean that time mirror relationship is not present. As noticed, this relationship is in
principle dynamical if generated by directed attention mediated by flux tube connections.

4

The findings about entrainment of the speech regions of
right and left brain

The starting point was the popular article (see http://tinyurl.com/y8a4puca) telling about
the findings of David Poeppel and his student Florencia Assaneo [J3] (see http://tinyurl.com/
y79r62v9). The basic question inspiring their work was could be put as “How sound waves put
ideas into your head?”. The answer provided by their would can be phrased as “Brain waves surf
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on the sound waves”. This work relates also to mirror neuron idea but mirror neurons are not
mentioned in the article and Poeppel is critical about mirror neurons in his article [J2] discussed
briefly in the introduction.

4.1

Findings

The basic characteristic of the speech is the frequency with which the loudness of speech changes.
This frequency is determined as the average rate for syllables. This rate various in the range 2-7
Hz for comprehensible speech. Speech regions entrain to this frequency in the range 2-7 Hz The
average frequency of entrained signals in auditory cortex is commonly about 4.5 Hz, which is also
the men rate at which syllables are spoken in various languages.
In the experiments Assaneo studied people listening non-sense syllables (to avoid indirect effect
on motor areas) with rate varying in the range 2-7 Hz. The idea is that if brain waves in auditory
cortex are not independent on those in speech motor cortex they should entrain. This indeed
occurred but only up to 5 Hz (theta waves are in the range 4-7 Hz and mu waves in the range
7-12 Hz) . At higher frequencies speech waves dropped out of synchrony. A computational model
allowed to verify that this finding is consistent with the assumption that speech motor cortex
has its own internal oscillator driven with a frequency in the interval 4-5 Hz. There was also a
resonance around 4.5 Hz.
Neural model for the finding was based on a model known as Wilson-Cowan mean-field approximation treating excitatory and inhibitory neuron populations in speech motor region as competing
synchronous units driven in non-linear manner by the oscillatory input from the auditory regions.
Auditory region drive motor-cortex region with a periodic force. The time constant for the oscillations telling how fast they attenuate exponentially in absence of driving force was 60 ms, which
happens to be also the reaction time of boxers mentioned earlier and could be assigned with mirror
neurons.
The non-linear driving force was taken to be sigma function approaching value 1 for large
positive values of the argument (saturation) and to zero for small values of the argument. The
argument of sigma function was taken to be sum of various inputs excitatory and inhibitory inputs
with opposite sign, background contribution, and the periodic driving force. For large enough
amplitudes oscillatory input the positive part of the signal gives a considerable input whereas the
negative part is cut away. Therefore the system responds essentially to the syllables but not to the
silent periods between them.

4.2

TGD based model

Could the finding of Poeppel and Assaneo be understood in terms of the time mirror mechanism?
If so, motor speech regions and auditory regions would be in time mirror relationship - motor
regions would attend the sensory regions and vice versa. The speech motor response - realized as
imagined, inner speech - would in standard time direction appear before the sensory input and be
due to the communication by negative energy signals. Maybe this could be tested by using sharp
enough pulses as sensory input. The periodic appearance of the syllables is however expected to
mask this effect unless one uses different syllables.
In TGD framework speech regions would communicate to a layer of MB with cyclotron frequency which Eg,J and generate a resonant response in opposite time direction with this frequency
in turn inducing resonant firing at the speech regions. Neuroscientist would assume resonant
interaction of brain hemispheres using nerve pulses.
One can make this model more concrete if one accepts the vision about MB as receiver of
sensory input from neuronal membranes as Josephson radiation with Josephson energy EJ = ZeV
and scaled down Josephson frequency fJ = ZeV /hef f . A more general model [K2, K1, K3] assumes
generalized Josephson energy supported by the basic facts about nerve pulse generation given by
Eg,J = ∆Ec + EJ = hef f fg,J , fg,J = ∆fc + fJ ,
end
,
fJ = hZeV
,
fc = ZeB
2πm
ef f
ZeBend
Ec = ~ef f m
,
EJ = ZeV .

(4.1)
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The generalized Josephson frequency is identified as a sum for the difference of cyclotron frequencies
at two sides of the membrane and of the scaled down Josephson frequency. The assumption
that scaled down Josephson frequency gives a small perturbation to the dominating difference of
cyclotron frequencies and codes nerve pulse patters as small modulations of fg,J . One can however
consider also a situation in which only fJ is present.
Here Z and m denote the mass and charge of the charged particle, say ion, or of corresponding
Cooper pair, forming cyclotron Bose-Einstein condensate. One has hef f = n × h0 , where h0 is the
minimal value of he f f and h = 6 × h0 is the most reasonable estimate for h found hitherto. There
are two conditions on the model. The condition that fg,J is 4.5 Hz and the condition that Eg,J is
in visible and UV range.
The frequencies fJ,g at cell membrane and fc at MB should be roughly the same in resonance.
In the applications the “endogenous” magnetic field Bend is assumed to have the minimal value
Bend = .2 Gauss, 2/5 of the Earth’s magnetic field. Bend is with inspiration coming from the p-adic
lengths scale hypothesis [K10] assumed to have a spectrum spectrum consists of similar octaves
with the frequencies in a given octave corresponding roughly to the spectrum of possible notes in
music experience.
1. The expressions

Eg,J =

n Ze∆Bend
6
2πm

+ ZeV ,

fg,J =

Ze∆Bend
2πm

+ ZeV ,

(4.2)

allow to estimate the value of hef f and ∆Bend for given Z and m. For the membrane voltage
one can use the estimate eV ' .06 eV. fg,J = 4.5 Hz gives one constraint. The condition that
the dark photons involved transfrom to bio-photons with energies in visible and UV range
gives second constraint. The condition that Eg,J is at the lower limit of visible energies gives
Eg,J = 1.65 eV.
The cyclotron frequency for Ca2+ in Bend = .2 Gauss is 15 Hz and from Z/A scaling one can
express the cyclotron energy for ion (A, Z) or Cooper pair with mass (2A, 2Z) as Ec (A, Z) =
(20/A)Ec (A, Z) = (20Z/A) × 15 Hz. Signalling between hemispheres using radiation along
short flux tubes connecting them is not of course excluded.
2. The hypothesis ~ef f = nh0 = ~gr = GMD m/β0 is central piece of TGD inspired quantum
biology. h = 6 × h0 is the most plausible possibility. hgr is the gravitational Planck constant
introduced by Nottale [E1] and MD corresponds to large dark mass and β0 is a parameter
with dimensions of velocity: for a detailed discussion see [L9]. The hypothesis implies that
hef f ∝ 1/A where A is mass number of ion so that cyclotron energies do not depend on mass
of the ion and are universal. Josephson frequencies would scale like fJ ∝ 1/A and cyclotron
times as τJ ∝ A. Different ions would be at flux tubes with different value of hef f ∝ A.
3. Comorosan effect corresponds to a universal biorhythm of 5 seconds [I3, I1] and recently
it was found to relate to the clustering of RNA polymerase proteins in the transcription
of RNA [I2] (see http://tinyurl.com/y9wzt5yl). The origin of Comorosan effect is not
understood, and I have proposed [K8] that it relates to Josephson effect at the level of
biomolecules in bio-catalysis. In [L10] I developed a model in which proton’s Josephson time
for proton in Josephson junctions involved with bio-catalysis equals to 5 s.
If the cyclotron frequency fc = 300 Hz of proton for Bend = .2 Gauss corresponds to biophoton energy of x eV, one obtains in the case of proton the condition [L10]
r=

hef f
~gr
=
' .83 × 1012 x .
h
~

If cell membrane potentials are Josephson junction consistent with the model, the Josephson
times for ions with mass number A would be τJ = A × 5 seconds. These scales would
obviously correspond to the scales of conscious experience. The cyclotron energies would not
depend on the mass number at all. If the spectrum of bio-photon energies has lower bound
at the end of visible spectrum at 1.65 eV one has x = 1.65 as a natural first guess.
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4. One can look for cyclotron frequencies for ions for Bend = .2 Hz. The frequencies fc ∈
{4.0, 4.5, 5.0}) Hz corresponds to atomic weights A ∈ {75, 67, 60)}. Josephson times would
be for the above model of Comorosan effect given by fJ (A) = A × 5 seconds. This gives the
following table containing data also for iron for which cyclotron frequency is rather near to
10 Hz in alpha band.

ion
Cu
Zn
Se
Fe

A fc /Hz
63 4.8
68 4.4
74 4.1
56 10.3

τJ /s
315
340
370
280

(4.3)

Josephson times are rouhgly between 5 and 6 minutes for Cu, Zn, and Se. The differences
of cyclotron frequencies are expected to have same order of magnitude and therefore also
corresponding energies for bio-photons.
If one assumes that the energies are in IR but above thermal energy of photon at physiological
temperatures the scales of cyclotron energies and Josephson times are reduced by a factor
∼ 1/50: x → x/50. For F e one would obtain τJ ∼ 5 seconds, which happens to be Comorosan
time again.
5. The part of MB associated with motor regions controlling speech receives information at
these EEG frequencies and sends control signal, which do not propagate down to speech
muscles except in some special cases. Note that the size scale of this layer of MB is from
the condition that cyclotron wavelength gives the size scale of MB roughly 1.7 times the
circumference of Earth from Schumann frequency 7.8 Hz.
6. The prediction is that right and left speech regions are not conscious simultaneously. Auditory
experience is not possible when one speaks or even when internal speech is present. This can
however happen only in the time scale defined by the duration of syllable and would be of
the order 1/2f ∼ .11 s defining the lifetime of sub-self and its time reversal as duration of
syllable. This is roughly the estimated duration ∼ .1 s of sensory mental image mentioned
earlier. Syllable perception corresponds to quantum coherence and synchrony at auditory
areas. The real motor action - rather than motor region at the moment of generation of
motor action - corresponds to loss of quantum coherence and synchrony at speech motor
regions.
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