
DNA Decipher Journal | May 2014 | Volume 4 | Issue 1 | pp. 11-18 11

Pitkänen, M. Pollack’s Findings about Fourth Phase of Water: TGD Point of View

Article

Pollack’s Findings about Fourth Phase of Water: TGD Point of View

Matti Pitkänen 1

Abstract

The discovery of negatively charged exclusion zone formed in water bounded by gel phase has led
Pollack to propose the notion of gel like fourth phase of water. In this article this notion is discussed
in TGD framework. The proposal is that the fourth phase corresponds to negatively charged regions
- exclusion zones - with size up to 100-200 microns generated when energy is fed into the water -
say as radiation, in particular solar radiation. The stoichiometry of the exclusion zone is H1.5O and
can be understood if every fourth proton is dark proton residing at the flux tubes of the magnetic
body assignable to the exclusion zone and outside it. This leads to a model for prebiotic cell as
exclusion zone. Dark protons are proposed to form dark nuclei whose states can be grouped to
groups corresponding to DNA, RNA, amino-acids, and tRNA and for which vertebrate genetic code is
realized in a natural manner. The voltage associated with the system defines the analog of membrane
potential, and serves as a source of metabolic energy as in the case of ordinary metabolism. The
energy is liberated in a reverse phase transition in which dark protons transform to ordinary ones.
Dark proton strings serve as analogs of basic biopolymers and one can imagine analog of bio-catalysis
with enzymes replaced with their dark analogs. The recent discovery that metabolic cycles emerge
spontaneously in the absence of cell supports this view.

1 Introduction

The discovery of negatively charged exclusion zone formed in water bounded by gel phase has led Pollack
to propose the notion of gel like fourth phase of water. One can find a biographical sketch [3] (http:
//faculty.washington.edu/ghp/cv/) giving a list of publications containing items related to the notions
of exclusion zone and fourth phase of water discussed in the talk.

1.1 Basic findings

I list below some basic experimental findings about fourth gel like phase of water made in the laboratory
led by Gerald Pollack [5].

1. In water bounded by a gel a layer of thickness up to 100-200 microns is formed. All impurities in this
layer are taken outside the layer. This motivates the term ”exclusion zone”. The layer consists of
layers of molecular thickness and in these layers the stoichiometry is H1.5O. The layer is negatively
charged. The outside region carries compensating positive charge. This kind of blobs are formed in
living matter. Also in the splitting of water producing Brown’s gas negatively charged regions are
reported to emerge [2, 1].

2. The process requires energy and irradiation by visible light or thermal radiation generates the layer.
Even the radiation on skin can induce the phase transition. For instance, the blood flow in narrow
surface veins requires metabolic energy and irradiation forces the blood to flow.

3. The layer can serve as a battery: Pollack talks about a form of free energy deriving basically from
solar radiation. The particles in the layer are taken to the outside region, and this makes possible
disinfection and separation of salt from sea water. One can even understand how clouds are formed
and mysteries related to the surface tension of water as being due the presence of the layer formed
by H1.5O.
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4. In the splitting of water producing Brown’s gas [2, 1] having a natural identification as Pollack’s
fourth phase of water the needed energy can come from several alternative sources: cavitation,
electric field, etc...

1.2 Summary of TGD inspired model for the findings

In the following this notion is discussed in TGD framework. The proposal is that the fourth phase
corresponds to negatively charged regions - exclusion zones - with size up to 100-200 microns generated
when energy is fed into the water - say as radiation, in particular solar radiation. The stoichiometry of
the exclusion zone is H1.5O and can be understood if every fourth proton is dark proton residing at the
flux tubes of the magnetic body assignable to the exclusion zone and outside it.

This leads to a model for prebiotic cell as exclusion zone. Dark protons are proposed to fork dark
nuclei whose states can be grouped to groups corresponding to DNA, RNA, amino-acids, and tRNA
and for which vertebrate genetic code is realized in a natural manner. The voltage associated with the
system defines the analog of membrane potential, and serves as a source of metabolic energy as in the
case of ordinary metabolism. The energy is liberated in a reverse phase transition in which dark protons
transform to ordinary ones. Dark proton strings serve as analogs of basic biopolymers and one can
imagine analog of bio-catalysis with enzymes replaced with their dark analogs. The recent discovery that
metabolic cycles emerge spontaneously in absence of cell support this view.

2 Dark nuclei and Pollack’s findings

While listening the lecture of Pollack I realized that a model for dark water in term of dark proton
sequences is enough to explain the properties of the exotic water according to experiments done in the
laboratory of Pollack. There is no need to assume sequences of half-dark water molecules containing one
dark proton each.

2.1 Model for the formation of exclusion zones

The data about formation of exclusion zones allows to construct a more detailed model for what might
happen in the formation of exclusion zones.

1. The dark proton sequences with dark proton having size of order atomic nucleus would reside at the
flux tubes of dark magnetic field which is dipole like field in the first approximation and defines the
magnetic body of the negatively charged water blob. This explains the charge separation if the flux
tubes have length considerably longer than the size scale of the blob which is given by size of small
cell. In the model inspired by Moray B. King’s lectures charge separation is poorly understood.

2. An interesting question is whether the magnetic body is created by the electronic currents or whether
it consists of flux tubes carrying monopole flux: in the latter case no currents would be needed.
This is obviously purely TGD based possibility and due to the topology of CP2.

3. This means that in the model inspired by the lectures of Moray B. King discussed above, one
just replaces the sequences of partially dark water molecules with sequences of dark protons at
the magnetic body of the H1.5O blob. The model for the proto-variants of photosynthesis and
metabolism remain as such. Also now genetic code would be realized [7, 8].

4. The transfer of impurities from the exclusion zone could be interpreted as a transfer of them to the
magnetic flux tubes outside the exclusion zone as dark matter.

These primitive forms of photosynthesis and metabolism form could be key parts of their higher
level chemical variants. Photosynthesis by irradiation would induce a phase transition generating dark
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magnetic flux tubes (or transforming ordinary flux tubes to dark ones) and the dark proton sequences
at them. Metabolism would mean burning of the resulting blobs of dark water to ordinary water leading
to the loss of charge separation. This process would be analogous to the catabolism of organic polymers
liberating energy. Also organic polymers in living matter carry their metabolic energy as dark proton
sequences: the layer could also prevent their hydration. That these molecules are typically negatively
charged would conform with the idea that dark protons at magnetic flux tubes carry the metabolic energy.

The liberation of energy would involve increase of the p-adic prime characterizing the flux tubes and
reduction of Planck constant so that the thickness of the flux tubes remains the same but the intensity of
the magnetic field is reduced. The cyclotron energy of dark protons is liberated in coherent fashion and
in good approximation the frequencies of the radiation corresponds to multiplies of cyclotron frequency:
this prediction is consistent with that in the original model for the findings of Blackman and others [6].

The phase transition generating dark magnetic flux tubes containing dark proton sequences would be
the fundamental step transforming inanimate matter to living matter and the fundamental purpose of
metabolism would be to make this possible.

2.2 Minimal metabolic energy consumption and the value of membrane po-
tential

This picture raises a question relating to the possible problems with physiological temperature.

1. The Josephson radiation generated by cell membrane has photon energies coming as multiples of
ZeV , where V is membrane potential about .06 V and Z = 2 is the charge of electron Cooper pair.
This gives E = .12 eV.

2. There is a danger that thermal radiation masks Josephson radiation. The energy for photons at
the maximum of the energy density of blackbody radiation as function of frequency is given as the
maximum of function x3/(ex − 1), x = E/T given by e−x + x/3 − 1 = 0. The maximum is given
approximately by x = 3 and thus Emax ' 3T (in units c = 1, kB = 1). At physiological temperature
T = 310 K (37 C) this gives .1 eV, which is slightly below Josephson energy: living matter seems
to have minimized the value of Josephson energy - presumably to minimize metabolic costs. Note
however that for the thermal energy density as function of wavelength the maximum is at E ' 5T
corresponding to 1.55 eV which is larger than Josephson energy. The situation is clearly critical.

3. One can ask whether also a local reduction of temperature around cell membrane in the fourth
phase of water is needed.

(a) ”Electric expansion” of water giving rise to charge separation and presumably creating fourth
phase of water is reported to occur [2, 1].

(b) Could the electric expansion/phase transition to dark phase be adiabatic involving therefore
no heat transfer between the expanding water and environment? If so, it would transform
some thermal energy of expanding water to work and reduce its temperature. The formula for
the adiabatic expansion of ideal gas with f degrees of freedom for particle (f = 3 if there are
no other than translational degrees of freedom) is (T/T0) = (V/V0)−γ , γ = (f + 2)/f . This
gives some idea about how large reduction of temperature might be involved. If p-adic scaling
for water volume by a power of two takes place, the reduction of temperature can be quite
large and it does not look realistic.

(c) The electric expansion of water need not however involve the increase of Planck constant for
water volume. Only the Planck constant for flux tubes must increase and would allow the
formation of dark proton sequences and the generation of cyclotron Bose-Einstein condensates
or their dark analog in which fermions (electrons in particular) effectively behave as bosons (the
anti-symmetrization of wave function would occur in dark degrees of freedom corresponding
to multi-sheeted covering formed in the process).
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3 Fourth phase of water and pre-biotic life in TGD Universe

If the fourth phase of water defines pre-biotic life form then the phase transition generating fourth phase of
water and its reversal are expected to be fundamental elements of the ordinary metabolism, which would
have developed from the pre-biotic metabolism. The following arguments conforms with this expectation.

3.1 Metabolism and fourth phase of water

1. Cell interiors, in particular the interior of the inner mitochondrial membrane are negatively charged
as the regions formed in Pollack’s experiments. Furthermore, the citric acid cycle, (http://www.en.
wikipedia.org/wiki/Citric_acid_cycle), which forms the basic element of both photosynthesis
(http://www.en.wikipedia.org/wiki/Photo-synthesis) and cellular respiration http://www.

en.wikipedia.org/wiki/Cellular_respiration, involves electron transport chain (http://www.
en.wikipedia.org/wiki/Electron_transport_chain) in which electron loses gradually its energy
via production of NADP and proton at given step. Protons are pumped to the other side of the
membrane and generates proton gradient serving as metabolic energy storage just like battery. The
interpretation for the electron transport chain in terms of Pollack’s experiment would be in terms
of generation of dark protons at the other side of the membrane.

2. When ATP is generated from ADP three protons per ATP flow back along the channel formed
by the ATP synthase molecule (http://www.en.wikipedia.org/wiki/ATP_synthase) (perhaps
Josephson junction) and rotate the shaft of a ”motor” acting as a catalyst generating three ATP
molecules per turn by phosphorylating ADP. The TGD based interpretation is that dark protons
are transformed back to ordinary ones and possible negentropic entanglement is lost.

3. ATP is generated also in glycolysis (http://www.en.wikipedia.org/wiki/Glycolysis), which
is ten-step process occurring in cytosol so that membrane like structure need not be involved.
Glycolysis involves also generation of two NADH molecules and protons. An open question (to me)
is whether the protons are transferred through an endoplasmic reticulum or from a region of ordered
water (fourth phase of water) to its exterior so that it would contribute to potential gradient and
could go to magnetic flux tubes as dark proton. This would be natural since glycolysis is realized
for nearly all organisms and electron transport chain is preceded by glycolysis and uses as input the
output of glycolysis (two pyruvate molecules (http://www.en.wikipedia.org/wiki/Pyruvate)).

4. Biopolymers - including DNA and ATP - are typically negatively charged. They could thus be
surrounded by fourth phase of water and neutralizing protons would reside at the magnetic bodies.
This kind of picture would conform with the idea that the fourth phase (as also magnetic body) is
fractal like. In phosphorylation the metabolic energy stored to a potential difference is transferred
to shorter length scales (from cell membrane scale to molecular scale).

In glycolysis (http://www.en.wikipedia.org/wiki/Glycolysis) the net reaction C6H12O6+6O2 →
6CO2(g) + 6H2O(l) + heat takes place. The Gibbs free energy change is ∆G = −2880 kJ per mole
of C6H12O6 and is negative so that the process takes place spontaneously. Single glucose molecule is
theoretized to produce N = 38 ATP molecules in optimal situation but there are various energy losses
involved and the actual value is estimated to be 29-30. From Joule = 6.84×1018 eV and mol = 6.02×1023

and for N = 38 one would obtain the energy yield .86 eV per single ATP. The nominal value that I have
used .5 eV. This is roughly 5 to 8 times higher than E = ZeV, Z = 2, which varies in the range .1-.16 eV
so that the metabolic energy gain cannot be solely due to the electrostatic energy which would actually
give only a small contribution.

In the thermodynamical approach to metabolism the additional contribution would be due to the
difference of the chemical potential µ for cell exterior and interior, which is added to the membrane
potential as effective potential energy. The discrepancy is however rather large and this forces the question
the feasibility of the model. This forces to reconsider the model of osmosis in the light of Pollack’s findings.
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3.2 Pollack’s findings in relation to osmosis and model for cell membrane and
EEG

Osmosis (http://en.wikipedia.org/wiki/Osmotic) has remained to me poorly understood phenomenon.
Osmosis means that solvent molecules move through a semipermeable membrane to another side of the
membrane if the concentration of solute is higher at that side. Solute can be water or more general liquid,
supercritical liquid, and even gas.

Osmosis is not diffusion: it can occur also towards a higher concentration of water. Water molecules
are not attracted by solute molecules. A force is required and the Wikipedia explanation is that solute
molecules approaching pores from outside experience repulsion and gain momentum which is transferred
to the water molecules.

The findings of Pollack inspire the question whether the formation of exclusion zone could relate to
osmosis and be understood in terms of the fourth phase of water using genuine quantal description.

In the thermodynamical model for ionic concentrations one adds to the membrane resting potential
a contribution from the difference of chemical potentials µi at the two sides of the membrane. Chemical
potentials for the ions parametrize the properties of the cell membrane reducing basically to the properties
of the channels and pumps (free diffusion and membrane potential do not entirely determine the outcome).

If the transfer of ions - now protons - through cell membrane is quantal process and through Joseph-
son junctions defined by transmembrane proteins, then the thermodynamical model can at best be a
phenomenological parameterization of the situation. One should find the quantum counterpart of ther-
modynamical description, and here the identification of quantum TGD as square root of thermodynamics
in Zero Energy Ontology (ZEO) suggests itself. In this approach thermodynamical distributions are re-
placed by probability amplitudes at single particle level such that their moduli squared give Boltzmann
weights.

3.2.1 Simplest Josephson junction model for cell membrane

The first guess is that quantum description is achieved by a generalization of the Josephson junction
model allowing different values of Planck constant at magnetic flux tubes carrying dark matter.

1. Josephson junctions correspond microscopically to transmembrane proteins defining channels and
pumps. In rougher description entire cell membrane is described as Josephson junction.

2. The magnetic field strength at flux tube can differ at the opposite side of the membrane and even
the values of heff could in principle be different. The earlier modelling attempts suggest that
heff/h = n = 2kA, where A is the atomic weight of ion, is a starting assumption deserving testing.
This would mean that each ion resides at its own flux tubes.

The phase transitions changing the value of heff could induce ionic flows through cell membrane,
say that occurring during nerve pulse since the energy difference defining the ratio of square roots
of Boltzmann weights at the two sides of the membrane would change. Also the change of the local
value of the magnetic field could do the same.

Consider first the simplest model taking into account only membrane potential.

1. The simplest model for Josephson junction defined by the transmembrane protein is as a two state
system (Ψ1,Ψ2) obeying Schrödinger equation.

i~1
∂Ψ1

∂t = ZeVΨ1 + k1Ψ2 ,

i~2
∂Ψ2

∂t = k2Ψ2 .

One can use the decomposition Ψi = Riexp(iΦ(t) to express the equations in a more concrete form.
The basic condition is that the total probability defined as sum of moduli squared equals to one:
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R2
1 + R2

2 = 1. This is guaranteed if the hermiticity condition k1/~1 = k2~2 holds true. Equations
reduce to those for an ordinary Josephson junction except that the frequency for the oscillating
Josephson current is scaled down by 1/heff .

2. One can solve for R2 assuming Φ1 = eV t/~eff . This gives

R2(t) = sin(Φ0) +
k1

~1
sin(

eV t

~1
) .

R2 oscillates around sin(Φ0) and the concentration difference is coded by Φ0 taking the role of
chemical potential as a phenomenological parameter.

3. The counterparts of Boltzmann weights would be apart from a phase factor square roots of ordinary
Boltzmann weights defined by the exponent of Coulomb energy:

R = sin(φ0) = exp(
ZeV (t)

2T
) .

Temperature would appear as a parameter in single particle wave function and the interpretation
would be that thermodynamical distribution is replaced by its square root in quantum theory. In
ZEO density matrix is replaced by its hermitian square root multiplied by density matrix.

3.2.2 The counterpart of chemical potential in TGD description

This model is not as such physically realistic since the counterpart of chemical potential is lacking. The
most straightforward generalization of the thermodynamical model is obtained by the addition of an ion
dependent chemical potential term to the membrane potential: ZeV → ZeV + µI . This would however
require a concrete physical interpretation.

1. The most obvious possibility is that also the chemical potential actually correspond to an interaction
energy - most naturally the cyclotron energy Ec = ~effZeBend/m of ion - in this case proton - at
the magnetic flux tube. Cyclotron energy is proportional to heff and can be rather large as assumed
in the model for the effects of ELF em fields on brain.

2. This model would predict the dependence of the effective chemical potential on the mass and
charge of ion for a fixed value of on heff and Bend. The scales of ionic chemical potential and ion
concentrations would also depend on value of heff .

3. The model would provide a different interpretation for the energy scale of bio-photons, which is in
visible range rather than infrared as suggested by the value of membrane potential.

The earlier proposal [?]qualia was that cell membrane can be in near vacuum extremal configuration
in which classical Z0 field contributes to the membrane potential and gives a large contribution for
ions. The problematic aspect of the model was the necessity to assume Weinberg angle in this phase
to have much smaller value than usually. Furthermore, for proton the Z0 contribution is negligible
in good approximation so that this model does not explain the high value of the metabolic energy
currency.

4. The simplest model the communications to magnetic body rely on Josephson radiation whose fun-
damental frequency fJ is at resonance identical with the cyclotron frequency fc(MB) at particular
part of the flux tube of the magnetic body:(fc(MB) = fJ . fc(MB) corresponds to EEG frequency
in the case of brain and biophotons are produced from dark EEG photons as ordinary photons in
phase transition reducing heff = n× h to h.
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In the modified model the sum fc+fJ,n (fJ,n = EJ/n×h) of heff -independent cyclotron frequency
and Josephson frequency proportional to 1/heff equals to cyclotron frequency fc(MB) at ”personal”
magnetic body varying slowly along the flux tube: fc + fJ,n = fc(MB). If also the variation of fJ
assignable to the action potential is included, the total variation of membrane potential gives rise
to a frequency band with width roughly

∆f

f
' 2fJ,n
fc + fJ,n

=
2fJ,1

nfc + fJ,1
.

If dark photons correspond to biophotons the energy is of cyclotron photon is in visible and UV
range one has nfc = Ebio and

∆f

f
' 2ZeV

Ebio + ZeV
.

The prediction is scale invariant and same for all ions and also electron unless Ebio depends on ion.
For eV = .05 eV, Z = 1, and Ebio = 2 eV (f ' 5× 1014 Hz) one has ∆f/f ∼ .1 giving 10 per cent
width for EEG bands assumed in the simpler model.

If this vision is on the correct track, the fundamental description of osmosis would be in terms of a phase
transition to the fourth phase of water involving generation of dark matter transferred to the magnetic
flux tubes. For instance, the swelling of cell by an in-flow of water in presence of higher concentration
inside cell could be interpreted as a phase transition extending exclusion zone as a process accompanied
by a phase transition increasing the value of heff so that the lengths of the flux tube portions inside the
cell increase and the size of the exclusion zone increases. In general case the phase transitions changing
heff and Bend by power of two factor are possible. This description should bring magnetic body as part
of bio-chemistry and allow understanding of both equilibriumion distributions, generation of nerve pulse,
and basic metabolic processes leading to the generation of ATP.

3.3 Which came first: metabolism or cell membrane?

One of the basic questions of biology is whether metabolism preceded basic biopolymers or vice versa.
RNA world scenario assumes that RNA and perhaps also genetic code was first.

1. The above view suggests that both approaches are correct to some degree in TGD Universe. Both
metabolism and genetic code realized in terms of dark proton sequences would have emerged simul-
taneously and bio-chemistry self-organized around them. Dark proton sequences defining analogs
of amino-acid sequences could have defined analogs of protein catalysts and played a key role in the
evolution of the metabolic pathways from the primitive pathways involving only the phase transition
between ordinary water and fourth phase of water.

2. There is very interesting article [4] reporting that complex metabolic pathways are generated sponta-
neously in laboratory environments mimicking hot thermal vents. Glycolysis and pentose phosphate
pathway were detected. The proposal is that these pathways are catalyzed by metals rather than
protein catalysts.

3. In standard biology these findings would mean that these metabolic pathways emerged before basic
biopolymers and that genetic code is not needed to code for the metabolic pathways during this
period. In TGD framework dark genetic code [7, 8] would be there, and could code for the dark
pathways. Dark proton strings in one-one correspondence with the amino-acid sequences could be
responsible for catalysts appearing in the pathways. Only later these catalysts would have trans-
formed to their chemical counterparts and might be accompanied by their dark templates. One
cannot even exclude the possibility that the chemical realization of the DNA-aminoacid correspon-
dence involves its dark analog in an essential manner.

ISBN: 2159-046X DNA Decipher Journal www.dnadecipher.com

Published by QuantumDream, Inc.

http://www.newscientist.com/article/dn25471-spark-of-life- metabolism-appears-in-lab-without-cells.html?cmpid=RSS|NSNS|2012-GLOBAL| online-news #.U14kF8ZK7B2


DNA Decipher Journal | May 2014 | Volume 4 | Issue 1 | pp. 11-18 18

Pitkänen, M. Pollack’s Findings about Fourth Phase of Water: TGD Point of View

References

Biology,neuroscience, and free energy

[1] M. B. King. Free-energy devices. http://www.free-energy-info.co.uk/MorayKing.pdf.

[2] M. B. King. Water Electrolyzers and the Zero-Point Energy. Physics Procedia. http: // www.

sciencedirect. com/ science/ journal/ 18753892 , 20:335–445, 2011.

[3] Pollack Laboratory- Biographical Sketch. http://faculty.washington.edu/ghp/cv/.

[4] Spark of life: Metabolism appears in lab without cells. http://www.newscientist.com/article/

dn25471-spark-of-life-metabolism-appears-in-lab-without-cells.html?cmpid=RSS|NSNS|

2012-GLOBAL|online-news#.U14rRMZK7B3.

[5] The Fourth Phase of Water: Dr. Gerald Pollack at TEDxGuelphU. https://www.youtube.com/

watch?v=i-T7tCMUDXU, 2014.

[6] C. F. Blackman. Effect of Electrical and Magnetic Fields on the Nervous System, pages 331–355.
Plenum, New York, 1994.

Books related to TGD

[7] M. Pitkänen. Homeopathy in Many-Sheeted Space-Time. In Bio-Systems as Conscious Holograms.
Onlinebook. http://tgdtheory.fi/public_html/hologram/hologram.html#homeoc, 2006.

[8] M. Pitkänen. Nuclear String Hypothesis. In Hyper-finite Factors and Dark Matter Hierarchy. On-
linebook. http://tgdtheory.fi/public_html/neuplanck/neuplanck.html#nuclstring, 2006.

ISBN: 2159-046X DNA Decipher Journal www.dnadecipher.com

Published by QuantumDream, Inc.

http://www.free-energy-info.co.uk/MorayKing.pdf
http://www.sciencedirect.com/science/journal/18753892
http://www.sciencedirect.com/science/journal/18753892
http://faculty.washington.edu/ghp/cv/
http://www.newscientist.com/article/dn25471-spark-of-life-metabolism-appears-in-lab-without-cells.html?cmpid=RSS|NSNS|2012-GLOBAL|online-news#.U14rRMZK7B3
http://www.newscientist.com/article/dn25471-spark-of-life-metabolism-appears-in-lab-without-cells.html?cmpid=RSS|NSNS|2012-GLOBAL|online-news#.U14rRMZK7B3
http://www.newscientist.com/article/dn25471-spark-of-life-metabolism-appears-in-lab-without-cells.html?cmpid=RSS|NSNS|2012-GLOBAL|online-news#.U14rRMZK7B3
https://www.youtube.com/watch?v=i-T7tCMUDXU
https://www.youtube.com/watch?v=i-T7tCMUDXU
http://tgdtheory.fi/public_html/hologram/hologram.html#homeoc
http://tgdtheory.fi/public_html/neuplanck/neuplanck.html#nuclstring

	Introduction
	Basic findings
	Summary of TGD inspired model for the findings

	Dark nuclei and Pollack's findings
	Model for the formation of exclusion zones
	Minimal metabolic energy consumption and the value of membrane potential

	Fourth phase of water and pre-biotic life in TGD Universe
	Metabolism and fourth phase of water
	Pollack's findings in relation to osmosis and model for cell membrane and EEG
	Simplest Josephson junction model for cell membrane
	The counterpart of chemical potential in TGD description

	Which came first: metabolism or cell membrane?


