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Abstract 
 

The basic ideas of the TGD-inspired view about Quantum Biology are discussed. 

 

The TGD-inspired theory of Consciousness provides the basic conceptual framework besides a new 

view about space-time and quantum theory (in particular, dark matter hierarchy whose levels are labeled 

by the increasing value of Planck constant). 

 

Important experimental input comes from: 

● high Tc superconductivity 

● the strange findings related to cell membrane 

● the effects of ELF EM fields on vertebrate brain. 
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1.  Introduction 
 

One can make a long list of questions challenging the materialistic and reductionistic framework of 

standard Biology. 

 

(1) Can one assume reductionism in its standard form?  Can one reduce Life to ”standard” physics 

and chemistry or are Macroscopic quantum phases needed?  Is existing quantum physics 

enough? 

 

(2) Is locality assumption justified?  Can one reduce the behavior of living matter to what happens in 

biological body?  Can one reduce Consciousness to the brain alone? 

 

(3) What is the role of electromagnetic (EM) fields in living matter?  What is the function of EEG?  

Is it only a side product of the electrical activity of neural circuits? 

 

(4) Is the relation between Experienced-Time and time of the physicist really understood?  Do we 

really understand the mechanisms of Memory? 

 

Taking seriously these questions, one is led to consider the possibility that Macroscopic and Macro-

temporal quantum effects might be crucial for living matter and consciousness.  There is indeed some 

evidence for these effects. 

 

(a) The strange findings about ionic currents through cell membrane suggest that these currents are 

quantal and universal in the sense that they do not depend on the structure of membrane 

involved and that they do not appreciably dissipate energy [31].  There is also some evidence 

for the flux quantization and Josephson tunneling in physiological temperatures [22, 23]. 

 

(b) High Tc superconductivity [16, 18] is still a mystery and might represent something which goes 

outside the conceptual framework of standard Physics. 

 

(c) Effects of very weak ELF EM fields on vertebrate brain [31] suggest quantal effects in thermal 

and amplitude windows in a frequency range in which quantal effects should be completely 

masked by thermal noise.  This looks a complete mystery in the framework standard Quantum 

Mechanics.  That the effects occur only for vertebrate brain is also puzzling. 

 

(d) EEG correlates with brain function and Consciousness.  The Compton wavelength of EEG 

photon about Earth size scale.  If quantum effects are in question, this would suggests that the 

visible part of the living matter might not be all that is important for the understanding of Life. 

 

Also Libet’s findings [39] about time delays of Consciousness which are typically a 

fraction of second might be understood if brain communicates information to and receives 

control signals from structures of this size. 

 

In TGD framework, a possible explanation for these strange findings relies on dark matter hierarchy 

[C7, C8] whose levels are labeled by an increasing value of Planck constant.  Dark matter would reside 

at dark field quanta (magnetic and electric flux quanta) responsible for the mysterious dark energy [D5].  

Field bodies would act as intentional agents using biological body as a sensory receptor and motor 

instrument [M3].  Accepting this hypothesis, the basic challenge is to understand how magnetic body 

controls and receives information from the biological body. 
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2.  Basic ideas 
 

2.1  The new view about Time and Energy 

 

The new view about Time and Energy makes it possible to distinguish even at elementary particle 

level between positive energy particles propagating to Geometric-Future and negative energy particles 

propagating to Geometric-Past and explains phase conjugate photons as a particular case of a completely 

general phenomenon. 

 

This distinction inspires a new view about realization of Memory and of Intentional Action and also 

allows the notion of remote metabolism.  For all these mechanisms, negative energy phase conjugate 

photons -- and possibly also other gauge bosons propagating to Geometric-Past -- are essential. 

 

Mathematically, this distinction emerges from the possibility of complex conformal weights (eigen 

values of infinitesimal scaling generator).  Since mass-squared corresponds to the thermal expectation 

value of the real part of conformal weight in p-adic thermodynamics, one might expect that the 

imaginary part of mass-squared relates closely to dissipation. 

 

In Zero Energy Ontology, a natural identification would be as a typical temporal distance between 

positive and negative energy parts of the Zero Energy state formed by positive energy particle at the 

boundary of future directed light-cone in Geometric-Past (not so 'Big Bang') and negative energy 

particle at the boundary of past directed light-cone in Geometric-Future (not so 'Big Crunch'). 

 

This temporal distance does not relate to the decay rate of system be it particle or something more 

complex.  It would, however ,relate to the temporal span for the contents of Conscious experience. 

 

2.2  p-Adic physics as physics of Intentionality and Cognition 

 

p-Adic physics as physics of Cognition and Intentionality is an essential element in the 

understanding of living matter.  The fusion of real and p-adic physics leads to a generalization of the 

notion of number obtained by gluing reals and p-adics together along common algebraic numbers and to 

a generalization of notions of imbedding space and space-time.  p-Adic spacetime sheets are identified 

as space-time correlates of Intentions (bosons) and Cognitions (fermions). 

 

p-Adic fractality of real physics in long scales can be seen as a direct counterpart of smoothness and 

continuity of p-adic physics in short p length scales in p-adic sense.  The effects of Intentions and 

Cognitions would be physically-measurable albeit indirectly. 

 

p-Adic length scale hypothesis leads to quantitative predictions based on simple scaling arguments.  

What is fascinating that in the length scale range 10nm-to-5μm, all p-adic length scales p ≈ 2
k
, k prime, 

correspond to Gaussian Mersennes (1+i)
k
 −1. 

 

The conjecture is that these Mersennes label fractal copies of electro-weak and or color physics 

relevant for how living matter is a Macroscopic quantum system. 

 

2.3  Hierachy of Planck constants and dark matter hierarchy 

 

Jones inclusions inspire the generalization of imbedding space H obtained by gluing together along 

common M
4
 or CP2 factor an infinite number of copies with various values of M

4
 and CP2 Planck 

constants.  These copies of H having singular bundle structure H→H/Ga×Gb, 



 5 

)3(),2()2()2( SUCSLSUSUGG ba   (Cartesian product of Lorentz group and color group) 

with point which are invariant under subgroups of Ga×Gb representing orbifold points. 

 

The dark matter hierarchy assigned with a hierarchy of Planck constants would make living matter 

living.  Visible-dark phase transitions and their generalizations would correspond topologically to a 

leakage of 3-surfaces between different sectors of H. 

 

Number theoretic considerations favor the hypothesis that the integers corresponding to Fermat 

polygons constructible using only ruler and compass and given as products nF = 2
k 

ПsFs (where 

122 
s

sF  are distinct Fermat primes) are favored. 

 

The reason would be that quantum phase q = exp(iπ/n) is in this case expressible using only iterated 

square root operation by starting from rationals. The known Fermat primes correspond to s = 0, 1, 2, 3, 4 

so that the hypothesis is very strong and predicts that p-adic length scales have satellite-length scales 

given as multiples of nF of fundamental p-adic length scale. 

 

nF = 2
11

 corresponds in TGD framework to a fundamental constant expressible as a combination of 

Kähler coupling strength, CP2 radius, and Planck length appearing in the expression for the tension of 

cosmic strings, and seems to be especially favored in living matter [M3].  An especially important 

fractal hierarchy seems to correspond to n = 2
k11

, k = 0, 1, 2… 

 

One can imagined several kinds of new physics relevant for living matter. 

 

(a) The generalization of imbedding space concept encourages possible generalizations of the 

notions of atom and molecule.  It raises the possibility that symbolic representations based on 

dark atoms with up to n(Gb) electrons at sheets of the n(Gb)-fold covering of M
4

+ emerge 

already at the level of biochemistry and play a key role in bio-catalysis [L2, F9]. 

 

(b) Ga should act as symmetries of visible matter controlled dark matter.  This allows straightforward 

identification of candidates for these kind of systems.  The free electron pairs associated with 

cyclic molecules containing 5- and 6-cycles and dominating biochemistry could be in dark 

phase corresponding n=5 and n=6 multiples of Planck constant.  The delocalization of electron 

pairs of cycles of sugar basis of DNA would make possible phenomena like anomalous DNA 

conductivity [24, J3]. 

 

p-Adic length scale hypothesis allows these symmetries occur in even Macroscopic length 

scales.  For instance, the formation snow-flakes possessing 6-fold cyclic symmetry might 

involve quantum control by dark matter in a p-adic length scale of order of snowflake size. 

 

Only the 4 amino-acids containing 5- and/or 6-cycles appear as neurotransmitters and 

neurotransmitters and various psychoactive substances in general contain these cycles [J3].  These 

findings suggest that the function of these substances is to make possible flow of electronic currents and 

perhaps superconductivity in clusters of neurons.  Which in turn would make possible quantum 

criticality of a particular kind allowing some magnetic body in the hierarchy of magnetic bodies to 

receive information from brain and also control it.  (For instance, the substances making possible 

shamanic states by creating prerequisites for a contact with some level of collective consciousness.) 

 

The hierarchy of Planck constants corresponds naturally to an evolutionary hierarchy.  Great leaps in 

Evolution would correspond to the increase of the value of Planck constant characterizing the highest 
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level in the personal dark matter hierarchy.  These leaps would involve scaling-up of the time scale of 

long-term memory and planned action. 

 

The model of EEG supports the view that the most important hierarchy corresponds to powers 

n=2
k11

, k = 1, 2, ..:  Precise predictions for the span of long-term memories at particular level of the 

hierarchy as 2
k11

 multiples of basic time scale with 0.1 second corresponding to k=4 follow from the 

model [M3]. 

 

The reason for the special role of power 2
11

 would be that it is expressible.  It defines a fundamental 

dimensionless constant in the TGD Universe [D6]. 

 

Large values of the Planck constant could characterize collective levels of consciousness even for 

bacteria.  And the fact that the time scale of DNA amino-acid translation is 20 amino-acids per second 

suggests that k=4 level is present for bacteria (but not for viruses) and responsible for their social 

behavior.  An interesting and testable working hypothesis is that social insects -- and even bacterial 

colonies -- could have magnetic body and collective EEG [M3]. 

 

2.4  Universal Metabolic Currencies 

 

The dropping of particles to larger space-time sheets can liberate metabolic energy as Zero-Point 

kinetic energy.  If Coulombic interaction energies can be neglected, this leads to a spectrum of universal 

metabolic currencies.  Hence, one would get rid of the "hen vs. egg" problem whether metabolism 

preceded the chemical energy storage or vice versa [L4]. 

 

In particular, the ~0.5 eV metabolic energy quantum associated with ADP-ATP cycle [K6] would 

correspond to the dropping of proton from k=137 space-time sheet of atomic size scale to much larger 

space-time sheet. 

 

Also, the dropping of electron from k=151 space-time sheet with size of order thickness of cell 

membrane (and the Compton length of dark electron in the TGD-based model of high Tc 

superconductivity) could be in question.  The prediction would that also more refined metabolic energy 

quanta are present. 

 

The phase transition reducing the value of Planck constant can induce emission of radiation at 

precise energies and serve as a source of metabolic energy.  The hydrino atom introduced by Randell 

Mills [41] to explain his experimental finds is based on assumption that the binding energies of 

hydrogen atom in this state are scaled by k
2
, k = 2, ...  This can be understood if Planck constant has 

value ђ = ђ0/k for these states [F9]. 

 

TGD suggests an alternative explanation based on quantum group variant of the Schrödinger 

equation for the hydrogen atom [F9].  The model predicts the energy of k=2 state correctly.  But for 

k>2, the accuracy is 10-20 percent. 

 

These states could appear as intermediate states in transitions to states with a reduced Planck 

constant.  They could be also interpreted in terms of transition to chaos -- meaning that the orbits of 

electron are not exactly periodic anymore and close only after k turns. 

 

2.5  Topological light rays, communication, and control 

 

So-called "topological light or massless extremals (MEs) [J4, K4] rays" define extremely general 

solution type of classical field equations of TGD depending on 2 arbitrary functions. 
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One can assign to these solutions a local light-like wave vector and polarization vector.  

Interpretation in terms of radiation propagating with light velocity is appropriate.  The nonlinearity of 

the theory allows the shape of pulse pattern to be preserved and the signal propagates in a precisely 

targeted manner like a laser pulse.  MEs and there dark variants would be ideal for communication and 

control purposes. 

 

Both neutral MEs representing combination of classical EM and Z
0
 gauge fields and charged MEs 

representing classical W boson fields are possible as well as classical color gauge fields which always 

has U(1) holonomy -- a possible signal for color confinement at space-time level. 

 

A possible interpretation is that neutral MEs are responsible for coordination and communication 

and charged W MEs serve as correlates for remote charge entanglement and represent exchange of 

charge W bosons in arbitrary long length scales.  This would make possible remote quantum control 

by inducing charge gradients at dark space-time sheets, in turn inducing changes of voltage also at 

space-time sheets containing visible matter (i.e., many-sheeted Faraday law). 

 

Nerve pulse generation could involve exchange of W MEs between cell interior and exterior 

inducing charge non-equilibrium reducing resting potential below the threshold [M2].  The pulse could 

be also initiated by magnetic body by a similar mechanism. 

 

Also dark MEs are possible.  "Bio-photons" [43] might have explanation in terms of ordinary 

photons resulting via a de-coherence of dark bio-photons having originally much longer wavelength and 

perhaps related to the control of biological body by magnetic body.  The finding of Gariaev that visible 

laser photons induce bio-active radio emission from DNA [45] might be understood in terms dark radio 

waves produced by whereas the "phantom DNA effect" [45] could be produced by the dark matter 

associated with DNA and remaining in the chamber after the removal of DNA.  Also, bio-holograms 

[44] might involve dark photons. 

 

2.6  the Magnetic Body as a sensory perceiver and intentional agent 

 

The hypothesis that a dark "magnetic body" serves as an intentional agent using the biological body 

as a motor instrument and sensory receptor is consistent with Libet’s findings about strange time delays 

of Consciousness.  The magnetic body would carry cyclotron Bose-Einstein condensates of various ions.  

The magnetic body must be able to perform motor control and receive sensory input from the biological 

body. 

 

The cell membrane would be a natural sensor providing information about cell interior and exterior 

to the magnetic body.  Dark photons at appropriate frequency range would naturally communicate this 

information. 

 

The strange quantitative coincidences with the physics of cell membrane and high Tc 

superconductivity support the idea that Josephson radiation generated by Josephson currents of dark 

electrons through cell membrane is responsible for this communication [M3]. 

 

Also, fractally scaled-up versions of cell membrane at higher levels of dark matter hierarchy (in 

particular, those corresponding to powers n = 2
k11

) are possible.  Indeed, the model for EEG relies on 

this hypothesis.  The thickness for the fractal counterpart of the cell membrane thickness would be 244-

fold and of order of depth of the ionosphere!  Although this looks weird, it is completely consistent with 

the notion of the magnetic body as an Intentional agent. 
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Motor control would be most naturally performed via genome.  This is achieved if flux sheets 

traverse through DNA strands.  Flux quantization for large values of Planck constant requires rather 

large widths for the flux sheets.  If the flux sheet contains sequences of genomes like the page of book 

contains lines of text, a coherent gene expression becomes possible at level of organs and even 

populations and one can speak about super- and hyper-genomes. 

 

Introns might relate to the collective gene expression, possibly realized electromagnetically rather 

than only chemically [M3, L2]. 

 

Dark cyclotron radiation with photon energy above thermal energy could be used for coordination 

purposes at least.  The predicted hierarchy of copies of Standard Model physics leads to ask whether 

also dark copies of electroweak gauge bosons and gluons could be important in living matter.  As 

already mentioned, dark W bosons could make possible charge entanglement and non-local quantum 

bio-control by inducing voltage differences and thus ionic currents in living matter. 

 

The identification of plasmoids as rotating magnetic flux structures carrying dark ions and electrons 

as primitive life forms is natural in this framework.  There exists experimental support for this 

identification [40].  The main objection is the high temperature involved.  But this objection could be 

circumvented if large ђ phase is involved.  A model for the pre-biotic evolution relying also on this idea 

is discussed in [L4]. 

 

2.7  Electric flux quanta and capacitor model for sensory receptor 

 

The assumption that sensory qualia are realized at the level of sensory receptors when combined 

with the requirement that the average increments are non-vanishing -- and perhaps even same from 

quantum jump to quantum jump -- poses strong constraints on the model of the sensory receptor [K3].  

These constraints suggest what might be called the capacitor model of the sensory receptor. 

 

(1) There are 2 reservoirs of quantum charges having total charges of equal magnitude but of 

opposite sign.  The charges are Macroscopic in order to guarantee robustness.  These reservoirs 

are analogous to capacitor plates.  And only the second one corresponds to the sensory 

experienced quale unless both the quale and its conjugate are experienced simultaneously.  

Capacitors plates can carry several charges. 

 

(2) When the sensory quale is generated, there is a flow of charge quanta between the quantum 

capacitor plates.  The charge quanta are more or less constant.  This requirement could be 

relaxed to the condition that only the average increment is constant.  Note that the charge flow 

could mean also exchange of virtual W bosons. 

 

Cell membrane (or rather, the pair formed by cell interior and exterior) and synaptic junction are 

excellent candidates for quantum capacitors. 

 

(a) During a nerve pulse, various ions flow between cell interior and exterior which suggests that 

sub-neuronal sensory qualia are generated in a time scale of a millisecond.  Also, membrane 

oscillations might give rise to some kind of sensory qualia.  In particular, superconducting 

Cooper pairs and bosonic ions enter or leave the Bose-Einstein condensates at the magnetic 

flux tubes. 

 

This should give rise to a chemical experience defined by the quantum numbers of the 

carrier particle.  Not only the increment of electric charge but also increments of magnetic 

file:///E:/K3
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quantum numbers characterize the qualia in question.  Various information molecules 

transferred through the cell membrane could also give rise to sensory qualia. 

 

(b) In the synaptic contact, the vesicles containing neurotransmitter are transmitted and the net 

quantum numbers for the vesicles should determine the neuronal chemical qualia associated 

with the process. 

 

This model does not apply to all qualia.  Qualia can be also associated with the quantum phase 

transitions at dark magnetic flux quanta.  A typical example is a coherently occurring cyclotron 

transition for a Macroscopic phase of Cooper pairs.  It would seem that quantum phase transitions at the 

magnetic flux quanta and particle flows between the quantum electrodes associated with electret type 

structures could define 2 basic types of qualia. 

 

Note that electret structures are dual to magnetic flux quanta as solutions of field equations.  Vision 

and hearing would be basic examples of these 2 types of qualia. 

 

2.8  Possible implications of Zero Energy Ontology for Biology 

 

A rather strong argument in favor of Zero Energy Ontology comes from superconductivity.  The 

models that superconductivity utilize formally the notion of coherent state of Cooper pairs involving 

quantum superposition of arbitrary numbers of Cooper pairs. 

 

This is in conflict with various conservation laws in standard ontology.  But in Zero Ontology, it is 

quite possible to consider quantum superposition of Zero Energy states with various values of quantum 

numbers for positive energy states.  This opens the gates for rather fascinating speculations.  Time-like 

charge entanglement would allow us to imagine a time-like variant of the capacitor model of sensory 

receptor. 

 

For instance, sensory qualia could result in the reduction of coherent state of Cooper pairs to a state 

with a well-defined charge.  Also, different DNA sequences with different masses and charges could 

appear in quantum superpositions for time-like entanglement.  This might be relevant for evolution of 

the genetic code. 

 

As a matter of fact, the proposed identification of S-matrix as time-like entanglement coefficients 

assumes the presence of all pairs of initial and final states appearing in the S-matrix in the superposition 

so that this possibility could be seen as a prediction. 

 

3.  High Tc superconductivity in living matter 
 

The model for high Tc superconductivity realized as quantum critical phenomenon predicts the basic 

scales of cell membrane and this leads to the vision that cell membrane -- and possibly also its scaled-up 

dark fractal variants -- define Josephson junctions generating Josephson radiation communicating 

information about the nearby environment to the magnetic body. 

 

3.1  High Tc superconductivity as quantum critical phenomenon 

 

Any model of high Tc superconductivity should explain various strange features of high Tc 

superconductors.  One should understand the high value of Tc; the ambivalent character of high Tc 

superconductors suggesting both BCS-type Cooper pairs and exotic Cooper pairs with non-vanishing 

spin; the existence of pseudo-gap temperature Tc1>Tc and scaling law for resistance for Tc≤T<Tc1; the 
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role of fluctuating charged stripes which are antiferromagnetic defects of a Mott insulator; the existence 

of a critical doping; etc... [18, 19]. 

 

There are reasons to believe that high Tc superconductors correspond to quantum criticality in which 

at least 2 (cusp catastrophe as in van der Waals model) or possibly 3-or-even-more (more complex 

catastrophes [42]) phases are competing.  A possible analogy is provided by the triple critical point for 

water vapor, liquid phase, and ice coexist.  Instead of long-range thermal fluctuations, long-range 

quantum fluctuations manifesting themselves as fluctuating stripes are present [18]. 

 

The TGD-based model for high Tc superconductivity [J1] relies on the notions of quantum 

criticality, general ideas of catastrophe theory, dynamical Planck constant, and many-sheeted space-

time.  The 4-dimensional spin glass character of space-time dynamics deriving from the vacuum 

degeneracy of the Kähler action defining the basic variational principle would realize space-time 

correlates for quantum fluctuations. 

 

(a) 2 kinds of superconductivities and ordinary non-superconducting phase would be competing at 

quantum criticality at Tc.  And above it, only one superconducting phase and ordinary 

conducting phase located at stripes representing ferromagnetic defects making possible 

formation of S=1 Cooper pairs. 

 

(b) The first superconductivity would be based on exotic Cooper pairs of large ђ dark electrons with 

ђ= 2
11

ђ0 and able to have spin S=1, angular momentum L=2, and total angular momentum J=2.  

Second type of superconductivity would be based on BCS-type Cooper pairs having vanishing 

spin and bound by phonon interaction.  Also they have large ђ so that gap energy and critical 

temperature are scaled up in the same proportion. 

 

The exotic Cooper pairs are possible below the pseudo gap temperature Tc1>Tc but are 

unstable against decay to BCS-type Cooper pairs which above Tc are unstable against a further 

decay to conduction electrons flowing along stripes.  This would reduce the exotic 

superconductivity to finite conductivity obeying the observed scaling law for resistance. 

 

(c) The mere assumption that electrons of exotic Cooper pairs feed their electric flux to larger space-

time sheet via 2 elementary particle-sized wormhole contacts rather than only one wormhole 

contacts implies that the throats of wormhole contacts defining analogs of Higgs field must 

carry quantum numbers of quark and anti-quark. 

 

This inspires the idea that cylindrical space-time sheets (the radius of which turns out to be 

about 5 nm) representing zoomed up dark electrons of Cooper pair with Planck constant 

ђ=2
11

ђ0 are colored and bound by a scaled up variant of color force to form a color confined 

state.  Formation of Cooper pairs would have nothing to do with direct interactions between 

electrons.  Thus high Tc superconductivity could be seen as a first indication for the presence 

of scaled up variant of QCD in mesoscopic length scales. 

 

This picture leads to a concrete model for high Tc superconductors as quantum critical 

superconductors [J1].  p-Adic length scale hypothesis stating that preferred p-adic primes p≈2
k
, k integer 

with primes (in particular Mersenne primes) preferred, makes the model quantitative. 

 

(1) An unexpected prediction is that coherence length ξ is actually ђeff/ђ0 = 2
11

 times longer than the 

coherence length 5-to-10 Angstroms deduced theoretically from gap energy using conventional 

theory and varies in the range 1-to-5 μm (the cell nucleus length scale).  Hence, a Type I 

superconductor would be in question with stripes as defects of anti-ferromagnetic Mott 
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insulator serving as duals for the magnetic defects of Type I superconductor in nearly critical 

magnetic field. 

 

(2) At the quantitative level, the model reproduces correctly the 4 poorly understood photon 

absorption lines and allows to understand the critical doping ratio from basic principles. 

 

(3) The current carrying structures have a structure locally similar to that of axon including the 

double layered structure of cell membrane.  Also, the size scales are predicted to be same.  One 

of the characteristic absorption lines has an energy of 0.05 eV which corresponds to the 

Josephson energy for neuronal membrane for activation potential V = 50 mV.  Hence the idea 

that axons are high Tc superconductors is highly suggestive.  Dark matter hierarchy coming in 

powers ђ/ђ0 = 2
k11

 suggests hierarchy of Josephson junctions needed in the TGD-based model 

of EEG [M3]. 

 

3.2  Strange findings about the behavior of the cell membrane 

 

In the standard approach (which emerged around 1940), one can understand the properties of cell 

membrane by assuming that there are cell membrane pumps pumping ions from cell interior to exterior 

or vice versa and channels through which the ions can leak back.  Quite a many candidates for proteins 

which seem to function like pump and channel proteins have been identified.  (Even a pump protein for 

water [27] !) 

 

This does not, however, prove that pumping and channeling is the main function of these proteins.  

Or that they have anything to do with how ionic and molecular concentrations in the interior and exterior 

of the cell are determined.  It could quite well be that pump and channel proteins are receptors involved 

with the transfer of information rather than charges and only effectively act as pumps and channels. 

 

There are several serious objections of principle against the vision of cell as a bag of water 

containing a mixture of chemicals.  Even worse, the hypothesis seems to be in conflict with 

experimental data. 

 

3.2.1  Why pumping does not stop when metabolism stops? 

 

One can wonder how metabolism is able to provide the needed energy to the continual construction 

of pumps and channels and also do the pumping.  For instance, sodium pump alone is estimated to take 

45-50 percent of the cell’s metabolic energy supply. 

 

Ling has studied the viability of the notion of the ionic pump experimentally [25] by exposing a cell 

to a cocktail of metabolic poisons and depriving it from oxygen.  This should stop the metabolic 

activities of the cell and stop also the pumping.  Rather remarkably, nothing happened to the 

concentration gradients.  Presumably, this is the case also for the membrane potential so that also the 

notion of metabolically-driven electrostatic pumps seems to fail. 

 

Of course, some metabolism is needed to keep the equilibrium.  But the mechanism does not seem to 

be a molecular mechanism and somehow it manages to use extremely small amount of metabolic 

energy. 
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3.2.2  Universality of ionic membrane currents 

 

A crucial verification of the channel concept was thought to come in the experiment of Neher and 

Sakmann [26] (which led to a Nobel prize).  The ingenious experimental arrangement was following. 

 

A patch of membrane is sucked from the cell and remains stuck on the micro-pipet orifice.  A steady 

voltage is applied over the patch of the membrane and the resulting current is measured. It was found 

that the current consists of discrete pulses in consistency with the assumption that that a genuine 

quantum level current is in question. T he observation was taken as a direct evidence for the postulate 

that the ionic currents through the cell membrane flow through ionic channels. 

 

The later experiments of Fred Sachs [28] however yielded a complete surprise.  He found that when 

the patch of the cell membrane was replaced by a patch of silicon rubber, the discrete currents did not 

disappear.  They remained essentially indistinguishable from cell membrane currents!  Even more 

surprisingly, the silicon rubber membrane showed ion-selectivity features which were essentially same 

as those of the cell membrane! 

 

Also, the currents through synthetic polymer filters [29] were found to have essentially similar 

properties as if ion selectivity, reversal potential, and ionic gating would not depend at all on the 

structure of the membrane and were more-or -less universal properties.  Experiments with pure lipid-

layer membranes [30] containing no channel proteins demonstrated that the basic features -- including 

step conductance changes, flickering, ion selectivity, and in-activation -- characterized cell membranes 

containing no ionic channels. 

 

The inescapable conclusion forced by these results seems to be that the existing 60-year-old 

paradigm is somehow wrong.  Ionic currents and their properties seem to be universal and depend only 

on very weakly on the properties of the membrane. 

 

3.3  Could the notion of the many-sheeted space-time solve the paradoxes? 

 

The basic paradoxes are related to the universality of the ionic currents suggesting the absence of 

ionic channels and to the absence of metabolically-driven chemical pumps assignable to cell membrane.  

Chemical pumps take care that the differences of the chemical potentials associated with the 2 sides of 

the cell membrane remain non-vanishing just like an ordinary pump preserves a constant pressure 

difference.  Also an "electrical pump" taking care that the potential difference between the cell exterior 

and interior is preserved is needed. 

 

The experiments suggest strongly that both chemical pumps and "electrical pump" (if present at all) 

need very low metabolic energy feed.  Many-sheeted space-time allows following interpretation for the 

puzzling findings. 

 

(a) What have been identified as pumps and channels are actually ionic receptors allowing the 

neuronal magnetic body to measure various ionic currents flowing through membrane.  Scaling 

from the model of EEG to ordinary Planck constant, the size of the cellular magnetic body 

would correspond to a wavelength of photons with Josephson energy ~0.05 eV at activation 

potential.  This corresponds to 25 μm (the size of a large neuron). 

 

(b) Pumps are not needed because the cell interior and exterior correspond to disjoint space-time 

sheets.  The currents run only when join along boundaries contact (JAB) is formed and makes 

the current flow possible.  The fact that the formation of JABs is quantal process explains the 

quantal nature of the currents.  Channels are not needed because the currents run as supra 
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currents (also the cyclotron states of bosonic ions define Bose-Einstein condensates) along cell 

membrane space-time sheet. 

 

The absence of dissipation would explain why so little metabolic energy feed is needed and 

why the ionic currents are not changed when the cell membrane is replaced by some other 

membrane.  Join along boundaries bonds could be formed between the space-time sheets 

representing lipid layers or between cell exterior/interior and cell membrane space-time sheet.   

 

The formation of JABs has also interpretation as a space-time correlate for the generation 

of quantum entanglement. 

 

(c) The universality of the currents suggests that the densities of current carriers are universal.  The 

first interpretation would be in terms of a ordinary-dark-ordinary phase transition.  Ordinary 

charge carriers at space-time sheets associated with cell interior and exterior would be 

transformed to dark matter particles at the cell membrane space-time sheet and flow through it 

as supra currents and then transform back to ordinary particles (note: the reader is encouraged 

to visualize the different space-time sheets). 

 

This phase transition could give for the currents their quantal character instead of the 

formation of JABs.  Of course, the formation of JABs might be prerequisite for this phase 

transition. 

 

d) The ion densities in cell interior and exterior are determined by flow equilibrium conditions for 

currents traversing from superconducting space-time sheets to non-superconducting space-time 

sheets and back.  Ion densities would be controlled by superconducting ion densities by an 

amplification mechanism made possible by the electret nature of the liquid crystal state. 

 

The dissipation by the currents at the atomic space-time sheets associated with cell interior 

and exterior is very weak by the weakness of the electric fields involved and at cell membrane 

space-time sheet superconductivity means absence of dissipation. 

 

4.  Model for a hierarchy of EEGs 
 

The effects of ELF EM fields on the vertebrate brain have gradually led to the recent model for EEG 

and its generalization. 

 

4.1  Summary about effects of ELF em fields on vertebrate brain 

 

The work by pioneers of bio-electromagnetism (Wertheimer, Milham, Marino, Becker, Adey, 

Blackman and many others) which already began at the 1960s led to amazing discoveries about ELF 

fields on vertebrate brain (for a review, see [31]).  The publications of Blackman and collaborators [33] 

provide a detailed summary of these developments. 

 

The results of the work of Bawin, Adey, Blackman, and others can be summarized by saying that 

radio-frequency EM fields amplitude modulated by ELF frequencies affect in certain frequency and 

amplitude windows brain tissue [32, 33].  The function of the radio-frequency carrier wave is to 

facilitate the penetration of EM field into tissue and its frequency is not essential for the occurrence of 

the effect. 

 

Presumably, nonlinear effects give rise to a secondary wave with modulation frequency which is the 

primary source of effects. 
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4.1.1  Basic effects 

 

The effects of ELF EM fields on brain include chemical, physiological, and behavioral changes 

within windows in frequency and field intensity.  It is essential that the effects have been observed only 

in vertebrates which thus possess EEG.  A good summary is the online review article of Cherry [31]. 

 

The well-documented and -established non-thermal biological effects of EMR include significant 

alteration of cellular Calcium ion homeostasis, reduction of melatonin, and the detection of Schumann 

resonances [37] by human and avian brains.  A key effect is change in Ca
2+

 homeostasis. 

 

Ca
2+

 is involved with both pre- and post-synaptic steps of nerve pulse transmission and also with 

intracellular communication.  For instance, Ca
2+

 is involved with gene expression, the development and 

plasticity of nervous system, modulation of synaptic strengths, and with Ca
2+

−cAMP signal transduction 

process. 

 

Change in Ca
2+

 homeostasis has harmful effects in the central nervous, endocrine, and immune 

systems.  At the level of CNS, this means changes of reaction time and behavioral alternations.  At the 

level of neuroendocrine system, a good example is the reduction of the melatonin production in pineal 

gland having wide variety of harmful effects since melatonin serves as effective scavenger of free 

radicals.  Among the effects are DNA strand breakage, chromosome aberrations ,and problems with gap 

junction communications. 

 

Melatonin is also crucial for healthy sleep and for the reduction of cholesterol and blood pressure.  In 

the case of the immune system, an example is provided by the change of functioning of lymphosytes in 

turn reducing the competence of immune system and making the subject more vulnerable to allergens, 

toxins, and viruses. 

 

4.1.2  Amplitude windows 

 

2 main amplitude windows have been seen. 

 

For the first window, ELF EM fields have values of electric field in tissue around 10
−7

 V/m.  The 

effects are high-level effects and associated with navigation and prey detection in marine vertebrates and 

with the control of human biological rhythms.  For ELF-modulated radio-frequency fields (RF) and 

microwaves (MW), the intensities are around 1−10 V/m. 

 

In this case, the effects are neuro-physiological effects are lower level effects at the level of the brain 

tissue.  In the case of brain tissue, maximal sensitivity to electromagnetic fields occurs between 6-to-20 

Hz. 

 

In order to get a grasp about orders of magnitude, it is good to notice that cell membrane electric 

field has a strength about 10
7
 V/m whereas EEG electric fields in the range 5-to-10 V/m.  The fact that 

the second intensity window corresponds to 1-to-10 V/m suggests that the EM field simulates the EM 

field associated with EEG (a valuable guideline in attempts to understand what is involved). 

 

For Schumann resonances, the  electric field is of order 0.6 mV/m.  For sferics (i.e., EM 

perturbations associated with lightning), the  magnetic field strength is not above nTesla.  This 

corresponds to electric field strength 10 V/m associated also with EEG waves [36].  (A field strength of 

V/m roughly corresponds to an energy flux in μW/m
2
.) 
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The presence of windows and weak intensities implies that the effects cannot be thermal.  A good 

metaphor is the effect of radio noise on radio receiver.  It occurs at definite frequency and destroys the 

information content of the original transmission. 

 

4.1.3  The effects occur at harmonics of cyclotron resonance frequencies 

 

Blackman also discovered that odd multiples 15, 45, 75, 105... of 15 Hz had much stronger effect on 

tissue than even multiples 30, 60, 90... Hz and realized a possible role with Earth’s magnetic field [33].  

It must be however emphasized that the value of magnetic field in question is Bend = .2 Gauss and 

smaller than BE = .5 Gauss. A possible interpretation is that harmonics of cyclotron frequencies might 

be the information carrying frequencies in EEG. 

 

In response to the results and speculations of Blackman, Liboff formulated an ionic cyclotron 

resonance (ICR) model [35] based on the realization that the frequencies in question correspond to 

multiples of the cyclotron frequencies of Ca
2+

 ion in a magnetic field Bend = 0.2 Gauss.  This model was 

classical.  Later, Blanchard and Blackman proposed so-called ionic parametric resonance model (IPR) 

[34].  This phenomenological model combines the ICR model with ideas about atomic physics. 

 

There are several objections against ICR model.  (1) Classical orbits of ions in Earth’s magnetic field 

have radius on the order of meters.  (2) Dissipative effects and Brownian forces do not allow cyclotron 

orbits.  (3) Charge-to-mass ratios appearing in cyclotron frequencies correspond to vacuum rather than 

water environment characterized by a large value of dielectric constant.  (4) It is difficult to understand 

why odd multiples of cyclotron frequencies give rise to stronger effects [33].  Some of these objections 

apply also to IPR model. 

 

The pattern of data seems to suggest that the interaction occurs at quantum level.  This is in dramatic 

conflict with the predictions of the standard Quantum Theory and with the Standard view about space-

time. 

 

4.1.4  Are quantal effects in question? 

 

The conclusion that the effect of ELF fields on brain represents quantum effects associated with the 

transitions of ions confined in magnetic field having same strength as Earth’s magnetic field is 

supported by the following observations. 

 

(a) The frequencies 15, 30, 45, 60, 75 Hz having effect on primates are multiples of the same basic 

frequency f = 15 Hz which turns out to be the cyclotron frequency of Ca
2+

 ion in magnetic field 

Bend = 0.2 Gauss.  That these frequencies come in multiples is a direct signature of Quantum.  

In the Classical world, only the basic frequency f = 15 Hz should have effects (forcing ions to 

rotational motion around field lines with this frequency). 

 

(b) Even multiples of 15 Hz have a weak but non-vanishing effect.  Transitions are not possible at all 

in the lowest order of perturbation theory since the interaction Hamiltonian describing the 

transitions in question has non-vanishing matrix elements only between states of opposite 

parities in the dipole approximation applying when the wavelength of the radiation is much 

larger than the size of the radiating system. 

 

Odd and even values of n for cyclotron states have opposite parities so that ∆n odd rule 

results.  In higher orders of perturbation theory also, transitions for which transition frequency 

is an even multiple of the cyclotron frequency are possible. 
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There are however also objections. 

 

(1) The cyclotron energy scale is about 10
−14

 eV and ridiculously small as compared to the energy 

scale 0.086 eV defined by room temperature so that quantal effects should be masked 

completely by thermal noise. 

 

(2) The wavefunctions of ions in magnetic field are confined in a region of size of order 

eBnrn /2~ ,which is of the order of cell size:.  Macroscopic quantum state is in question. 

 

In fact, the value 0.5×10
−4

Tesla for Earth’s magnetic fields corresponds to the p-adic length scale 

L(169) = 5μm rather precisely for minimal value of the magnetic flux quantized as ZeBS = n2π obtained 

for n=1 (S denotes the area of the flux tube) and Z=2.  If one requires quantum classical 

correspondence, very large values of n are required and cyclotron radii would be much larger than flux 

tube radius. 

 

A common resolution of all these objections is provided by large ђ phases and hierarchy of magnetic 

flux sheets with B scaling like 1/ ђ meaning that cyclotron frequencies scale down similarly and 

cyclotron energies remain invariant. The same applies to spin flip energies scaling in the same manner 

as cyclotron energies. 

 

By the quantization of the magnetic flux (predicted by TGD also classically), the minimal radius of 

the magnetic flux tube for the magnetic field of Earth of cell size for ordinary value of ђ but scales like ђ 

if the magnetic field remains invariant and flux quantization BS = n2πђ implying S/ђ holds true.  This 

implies consistency with classical theory for large values of ђ = 2
11k

 ђ0, k = 1, 2, … 

 

4.1.5  a brief summary of the Model 

 

Some work is required to end up with the following interpretation based on a model for how the 

different levels of dark matter hierarchy communicate and control. 

 

(a) Ions with charge Z, mass m, and spin S in the external magnetic field behave quantum 

mechanically like a harmonic oscillator with energies quantized as 

 

E = Ec + EL ,  Ec = (n + ½)ђωc ,  EL = Szgωc/2 ,  ωc = ZeB/m (c = 1)            (1) . 

 

The first contribution corresponds to cyclotron contribution.  For a given value of n, the 

component of angular momentum in the direction of B has n+1 values n, n−2, ...,−n.  EL 

denotes spin (Larmor) contribution.  g is so called Lande factor which for free elementary 

fermions equals to g=2.  Since Sz is invariant under the scalings of ђ, Larmor contribution is 

negligible as compared to cyclotron contribution for large values of ђ.  The contribution to 

energy coming from the free motion in the direction of magnetic field has not been written. 

 

(b) The model for high Tc superconductivity involving competition of 2 superconductivities -- one 

associated with cell interior and the second with cell membrane is the starting point.  These 

phases coexist in a narrow range around critical temperature and 36-37
o
C range where the 

effects are observed is a good candidate for this range. 

 

(c) Experimental findings suggests strongly that external EM field induces resonant transitions 

between cyclotron states.  These transitions are identified as transitions inside the cell/nucleus 

or its fractally scaled-up variant.  For kd=4 level of dark matter hierarchy, cyclotron energy 
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scale turns out to be above the thermal energy 2.88T of photons at maximum intensity of 

blackbody radiation at room temperature for A≤ 223Z. 

 

Cyclotron radiation can drive charged particles to smaller space-time sheets and this is 

essential for the metabolism.  This process is expected to be part of the interaction of ELF EM 

fields with cell nucleus.  The scale of cyclotron energies for k=4 level of dark matter hierarchy 

indeed turns out to be consistent with this assumption. 

 

(d) The ELF EM field used in the experiments have electric fields strengths in 2 windows.  One is 

around 10
−7

 V/m and the second corresponds to 1-to-10 V/m.  Even in the latter case, the field 

is by a factor of order a million weaker than membrane potential.  The notion of many-sheeted 

space-time allows to understand why so weak fields can have effects on biomatter. 

 

Amplitude windows are a further mystery related with the interaction of ELF EM fields 

with brain tissue.  If an ELF EM field defines potential difference eV associated with a 

Josephson junction, one might understand this effect in terms of quantum jumps induced by 

Josephson current with frequency f = ZeV/2π. 

 

(e) Dark matter hierarchy leads to the hypothesis that there is an entire hierarchy of EEGs generated 

as coherent photon states by Josephson currents associated with the Josephson junctions whose 

thickness scales as ђ and frequency scales as 1/ ђ so that cyclotron energy remains invariant 

and is above the thermal threshold. 

 

For each value of ђ, there is also a p-adic hierarchy corresponding to k = 151, ...., 169 with 

the same Josephson frequency.  These levels combine to form single block for dark matter 

hierarchy formed from the scaled-up variants of this block.  At least the magnetic flux tube 

structure of DNA and membrane structure appear as scaled-up copies.  The lowest level 

corresponds to cellular or nuclear membrane and ordinary value of ђ. 

 

(f) Josephson current is of form J is prop. to sin(2eVt + 2e∫V1dt) and its amplitude does not depend 

on the strength of the perturbation V1.  V1 is same for all values of ђ but scales like 

L(k)≈2
(k−151)/2

×10 nm as a function of p-adic length scale for given value of ђ. 

 

Perturbation is represent as EEG pattern communicated to the magnetic body of fractally 

scaled-up variant of cell or cell nucleus, which reacts appropriately.  At the limit when the 

Josephson frequency f
1

J = 2eV1/2πђ of perturbation satisfies f
1

J >> fc, the amplitude of 

perturbation is coded to frequencies f± = f
1

J ± fJ  in the EEG in a good approximation. 

 

(g) The response of the system is that of AND gate.  V1 induces in the neuronal nucleus or its scaled-

up counterpart cyclotron transitions if the frequency is correct.  If this the case, the cell nucleus 

opens up communication line receiving possible control signals from the magnetic body at 

higher level of hierarchy. 

 

V1 induces in Josephson junctions effects if the amplitude is in the amplitude window, 

guaranteeing that the frequencies f± belong to EEG resonance bands (or their scaled-up 

variants. In this case, the  magnetic body receives representation of V1 as coherent photons and 

responds.  If the communication line is open, the response induces in the cell nucleus gene 

translation and other activities necessary for the biological response. 

 

The model implies that cyclotron frequencies code for the biologically relevant information 

carried out by classical electric fields so that noise is eliminated very effectively. 
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4.2  Model for EEG 

 

The effects of ELF EM fields on vertebrates lead to a model of EEG [M3] based on the requirement 

that dark EEG photons have energies e = ђω above thermal threshold. This is satisfied for fourth level of 

dark matter hierarchy ђ = 2
k11

, k = 1, 2.... 

 

That the effects are observed for vertebrates only supports the view that the largest value of Planck 

constant in the "personal" hierarchy of Planck constants determines the evolutionary level as the 

"slowest" part of personal EEG. 

 

The basic objection of a skeptic against the model of EEG is the assumption that cell membrane has 

hierarchy of dark scaled-up variants acting as Josephson junctions and that the scaled-up variant 

corresponding to EEG corresponds to ђ = 244 ђ0 so that the thickness of ionospheric cavity of about 100 

km would define the natural length scale! 

 

This picture is,however, consistent with the notion of the "magnetic body" and would conform with 

the known strong effects of Schumann resonances on consciousness [37].  Of course, the dark scaled-up 

variants of cell membrane need contain only the structures necessary to make them to act as Josephson 

junctions. 

 

The essential assumption is that Josephson energy (and voltage) remain invariant under the scalings 

whereas Josephson frequency scales down as 1/ђ whereas magnetic field strength and cyclotron 

frequencies remain invariant so that cyclotron energy scales as ђ and thus stays above thermal threshold. 

 

The model explains the basic band structure of EEG and predicts correctly the narrow resonances in 

beta and theta bands [38]. 

 

(a) Alpha band corresponds to the cyclotron resonances for biologically-important dark bosonic ions 

in dark magnetic field Bd = 2BE/5 = 0.2 Gauss forming cyclotron condensates on magnetic flux 

sheets traversing through DNA. 

 

(b) Cyclotron radiation gives rise to a perturbation membrane potentials which involves 

superposition of cyclotron frequencies besides noise.  Therefore, Josephson radiation contains 

frequencies fn,± = nfc ± fJ and these 2 frequencies correspond for n=1 to theta and beta bands.  

The predicted satellites of cyclotron frequencies of biologically-important ions correspond to 

the narrow 1-2 Hz wide resonance bands inside theta and beta bands (narrow bands at 3,5,7 Hz 

and 13,15,17 Hz) reported by Nunez [38]. 

 

The presence of analogs of beta and theta bands is predicted also for higher harmonics of 

cyclotron frequency at 20, 30, 40, … Hz.  Note that bands f/Hz = 10 ± 5Hz, 30 ± 5, 50 ± 5 

around odd harmonics are favored.  The Josephson frequency fJ = 5 Hz is favored by wake-up 

EEG. 

 

(c) At the limit of large perturbations V(t) of the membrane voltage due to a noise or large amplitude 

cyclotron radiation reflecting a state of high arousal, the time dependence R of Josephson 

current proportional to sin(ωJt+∫2eVdt/ђ) becomes chaotic. 

 

(d) The model explains EEG during sleep if the intensity of magnetic field responsible for the 

dominant part of cyclotron radiation during sleep is halved Bd→Bd/2 so that the alpha band 

shifts down to 5 Hz.  This can be understood if the active neurons (possibly those in some 
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regions of the right hemisphere) are associated with dark magnetic flux sheets with Bd=0.1 

Gauss.  Also a model for the phases of sleep emerges. 

 

(e) fJ is proportional to membrane voltage and can vary, being lowest when membrane potential is 

near to activation potential.  This should shift the position of narrow resonances.  The model 

could be tested by comparing membrane voltages and positions of the EEG bands. 

 

Dan Winter has reported [47] that in altered states of consciousness (reported as experiences of 

bliss), the ratio of beta and alpha peaks approaches Golden Mean Φ ≈ 1.618... 

 

(1) For fJ = 5 Hz and fc = 10 Hz (the p-adic frequency corresponding to the secondary p-adic time 

scale T2(127) associated with Mersenne prime M127 and identifiable as a fundamental 

biorhythm), one has β/α = 3/2 which is the lowest approximation to Golden Mean in terms of 

ratios of Fibonacci numbers.  The higher approximations approach to Φ.  The approximation 

sequence would be consistent with the 1-Hz width for the narrow beta bands. 

 

(2) The question is whether the resting potential is quantized in terms of ratios of Fibonacci numbers 

F2n/F2n−1 ε {3/2, 8/5, 21/13, ..}.  At the limit, the theta peak would approach to 3.92… Hz.  

(note that shamanic drumming rhythm corresponds to 4 Hz frequency). 

 

This kind of sequence could relate to a hierarchy of finite-dimensional approximations for 

Jones inclusions for quantum phase q = exp(iπ/5) represented in terms of braids.  n=5 is also 

the minimal value of n allowing universal topological quantum computation [E9].  This 

hypothesis is testable by comparing possible changes in measured resting potentials with 

subjective reports of "meditators". 

 

(3) Dan Winter has also emphasized the importance of tedrahedral and icosahedral symmetries for 

DNA.  These symmetries correspond to the only genuinely 3-dimension finite subgroups of 

rotation groups and are symmetries of water molecule clusters.  Icosahedral group has n=5 and 

would allow universal topological quantum computation. 

 

Actually, an entire hierarchy of scaled variants of EEG is predicted with precise predictions for 

biorhythms corresponding to narrow resonances of EEG [M3].  This hierarchy starts already from 

photon frequencies corresponding to the membrane potential ~ 0.07 eV. 

 

The biologically most important bosonic ions correspond have cyclotron frequencies in alpha band.  

And its scaled variants and corresponding Josephson radiation generated by Josephson junction 

interacting with cyclotron radiation gives rise to theta and beta bands.  Together with narrow lines 

corresponding to bosonic ions, this is a strong and testable prediction. 

 

Also electro-weak and gluonic variants of EEG suggest themselves. 
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