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Abstract
In this paper, we argue that, in addition to electrical and chemical signals propagating in the neurons of the
brain, signal propagation takes place in the form of biophoton production. This statement is supported by recent
experimental confirmation of photon guiding properties of a single neuron. We have reviewed the mechanism of
biophoton production in the neurons and investigated the interaction of biophotons with biomolecules from a
quantum mechanical point of view. It appears that the role of biophotons in the neurons of the brain is very
important. A significant relationship between the fluctuation function of biomolecules (due to the emission and
absorption of biophotons) and alpha-EEG diagrams is elaborated on in this paper.
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1. Introduction
Biophotons, or ultraweak photon emissions of biological systems, are weak electromagnetic waves in
the optical range of the spectrum (i.e. light). All living cells of plants, animals and humans emit
biophotons which cannot be seen by the naked eye but can be measured by special equipment 1. Living
cells spontaneously emit ultraweak light during the process of metabolic reactions associated with
their physiological states. Neural cells also continuously emit biophotons during their natural
metabolism. There is a direct correlation between the intensity of biophotons and neural metabolic
activity in hippocampal slices of rat brain (Isojima et al. 1995).
In in vivo experiments, the spontaneous ultraweak biophoton emission from a rat brain was
shown to correlate with cerebral energy metabolism, EEG activity, cerebral blood flow and oxidative
stress ( Kobayashi et al. 1999). Van Wijk et al.(2008) performed an experiment using the technique of
1
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“Ultra-weak Photon Emission” (UPE) to investigate the correlations between the biophoton emission
and the electrical activity of the brain. Significant correlations were demonstrated between the
fluctuations in photon emission and fluctuations in the strength of alpha wave production. Some
unpublished observations suggest that the state of the biophoton field of a person may be connected to
the state of the brain as measured by the EEG (e.g., degree of synchronization and coherence) (
Bischof 2005). Advanced states of deep relaxation or certain meditative states characterized by a high
degree of coherence in the EEG measurements may well be accompanied by a high degree of
coherence in the biophoton field. It is not unreasonable to hypothesize that even the visual field is a
property of the biophoton field itself (Bischof 2005). Bischof (2005) cautioned that these are merely
conjectures because measurements correlating the coherence of the biophoton field and the EEG
readings have not been made yet. In general, there is a neural activity-dependent biophoton emission
within neuronal cells, but evidence for the correlation between the electrical activity of the neurons
and the biophoton emissions is unfortunately quite poor. In this paper, we have investigated
theoretically the interaction of biomolecules with biophotons taking place within the neurons of the
brain. We have adopted a quantum mechanical formalism in an attempt to investigate possible
connections between the EEG and the biophoton production.

2. Biophoton production mechanism inside the neuron
During natural metabolic processes taking place in various kinds of living organism, permanent and
spontaneous ultraweak biophoton emission has been observed without any external excitation
(Isojima et al. 1995, Kobayashi et al. 1999, Van Wijk et al. 2008, Bischof 2005, Adamo et al. 1989,
Tilbury and Cluickenden 1988, Quickenden and Que Hee 1974, Kobayashi et al. 1999, Van Wijk and
Schamhart 1988, Mansfield 2005, Scott et al. 1991, Takeda et al. 1998, Yoon et al. 2005, Grass and
Kasper 2008, Imaizumi et al. 1984, Popp et al. 1984). Ultraweak photon emission from unicellular
and multicellular organisms is referred to using various terms such as dark luminescence, low
intensity chemiluminescence, ultraweak electromagnetic light, bioluminescence, ultraweak photons,
biophotons etc. The emergence of biophotons is due to the bioluminescent radical and nonradical
reactions of Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS), and involves
simple cessation of excited states. As examples we can cite the mitochondrial respiration chain and
peroxisomal reactions, non-enzymatic and enzymatic lipid peroxidation, oxidation of catecholamines,
oxidation of tyrosine and tryptophan residues in proteins, etc. (Watts et al. 1995, Kruk et al. 1989,
Nakano 1989). The main source of biophotons derives from the oxidative metabolism of mitochondria
(Tuszynski and Dixon 2001).
Ultraweak biophoton emission from neural tissue depends on the neuronal membrane
depolarization and Ca2+ entry into the cells (Kataoka et al. 2001). This biophoton emission can be
facilitated by the membrane depolarization of neurons by a high concentration of K+ and can be
attenuated by application of tetrodotoxin or removal of extracellular Ca2+ (Kataoka et al. 2001). The
photon emission intensity from the brain slices depends on temperature and oxygen concentration.
Therefore, we can conclude that biophoton emission within neurons is directly correlated with
biochemical processes.
However, the term ultraweak luminescence (ultraweak biophoton emission) can be
misleading, since it may suggest that biophotons are not important for cellular processes. We should
stress that the real biophoton intensity within cells and neurons can be considerably higher (Bokkon et
al., 2010) than one would expect from the measurement of ultraweak bioluminescence, which is
generally carried out macroscopically several centimeters away from the tissue or cell culture (Thar
and Kühl 2004). Specifically, the most significant fraction of natural biophoton intensity cannot be
measurable because it is absorbed during cellular processes. Moreover, it is a well-known fact that
photons are strongly scattered and absorbed in cellular systems. Estimates indicate that for a measured
intensity of the ultraweak bioluminescence (biophotons), the corresponding intensity of the light field
within the organism can be up to two orders of magnitude higher (Chwirot 1992, Slawinski 1988).
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Biophoton communication (optical communication) can be performed by natural
photosensitive biomolecules of cells and neurons. Biophotons can be absorbed in the visible range by
natural chromophores such as porphyrin rings, flavinic, pyridinic rings, lipid chromophores, aromatic
amino acids, etc (Thar and Kühl 2004, Kato et al. 1981, Karu 1999, Mazhul' and Shcherbin 1999).
Mitochondrial electron transport chains contain several chromophores, among which cytochrome
oxidase enzyme are most prominent (Kato et al. 1981, Karu 1999). Photosensitive biomolecules can
transfer the absorbed biophoton energy to nearby biomolecules by resonant energy transfer, which can
induce conformational changes and trigger/regulate complex signal processes in cells. According to
Cilento 1988, biochemical reactions take place in such a way, that a biophoton is borrowed from the
surrounding electromagnetic bath, and then it excites the transition state complex, and finally returns
to an equilibrium state within the surroundings of the complex.
Recently, Sun et al. (2010) experimentally demonstrated that neurons can conduct photon
signals. Sun and colleagues suggested that bioelectronic and biophotonic processes are not
independent biological events in the nervous system, and their synergistic action may play a
significant role in neural signal transductions. Moreover, Wang et al.(2010) recently presented the
first experimental proof of the existence of spontaneous biophoton emission and visible light induced
delayed ultraweak photon emission. In their experiments they used in vitro freshly isolated rat’s whole
eye, lens, vitreous humor and retina. As a consequence of their findings they proposed that the
photochemical source of retinal discrete noise, as well as retinal phosphenes, may originate from
natural bioluminescent photons within the eyes (Bokkon, 2003, 2005, 2008, 2009).
Numerous findings have provided evidence of fundamental roles of ROS and RNS in cellular
processes (Dröge 2002, Valko et al. 2007). Under physiological conditions, ROS and RNS can control
gene expression, apoptosis, cell growth, cell adhesion, chemotaxis, protein-protein interactions and
enzymatic functions, Ca2+ and redox homeostasis, as well as numerous other processes of cells (Dröge
2002, Valko et al. 2007, Touyz 2005, Gordeeva et al. 2003, Chiarugi 2003, 2008, Hoidal 2001). There
are experimental indications that ROS and RNS are also necessary for synaptic processes and normal
brain functions. Free radicals and their derivatives act as signaling molecules in cerebral circulation
and are necessary for molecular signaling processes in the brain such as synaptic plasticity,
neurotransmitter release, hippocampal long-term potentiation, memory formation, etc. (Volterra et al.
1994, Kishida and Klann 2007, Knapp and Klann 2002, Tejada-Simon et al. 2005, Thiels et al. 2000,
Thiels and Klann 2002).
Because the generation of ROS and RNS is not a random process, but rather a co-ordinated
mechanism used in signaling pathways under various physiological conditions, biophoton emission
may not be a byproduct of biochemical processes but it can be linked to precise signaling pathways of
ROS and RNS. Consequently, during natural oxidative metabolism, regulated generation of ROS and
RNS can also generate regulated biophotons within cells and neurons. This means that regulated
electrical (redox) signals (spike-related electrical signals along classical axonal-dendritic pathways)
of neurons can be converted into biophoton signals by various bioluminescent reactions. As a result,
information appears not only as an electrical signal but also as a regulated biophoton (optical) signal
in the brain.
3. Interaction of Biophotons with Microtubules (MTs)
In this section, we theoretically investigate the mechanism involved in the interactions of biophotons
with MTs.
Microtubular structures have been implicated as playing an important role in the signal and
information processing taking place in the human (and possibly animal) brain (Jibu et al. 1994, 1996,
Hameroff and Penrose 1996, Mavromatos et al. 1998, 2002). Vertebrate cells and neurons show
typically filamentous mitochondria associated with the microtubules (MTs) of the cytoskeleton,
forming together a continuous network (mitochondrial reticulum) (Skulachev 2001). The rapid
movements of mitochondria are MT-based and the slower movements are actin-based (Tong 2007).
MT formation can be regulated by redox-dependent phosphorylations and Ca2+ signals. Since the
3

rapid movements of mitochondria are MT-based, mitochondrial trafficking can be organized by redox
and Ca2+-dependent MT regulation. Moreover, the refractive index of both mitochondria and MTs is
higher than the surrounding cytoplasm (Thar and Kühl 2004). Consequently, both the mitochondria
and the MTs could act as optical waveguides, i.e. electromagnetic radiation can propagate within
their networks (Thar and Kühl 2004, Faber et al. 2006, Jibu et al. 1994). Since mitochondria and MTs
could act as an optical waveguide and because filamentous mitochondria are associated with the
MTs, it is logical to predict that mitochondrial biophotons can propagate along the associated
mitochondria-MTs dynamic networks. Associated mitochondrial and MT networks may act as redox
and Ca2+ regulated organic quantum optical-like fiber systems in neurons. MTs are composed of
tubulin dimers. Tubulin dimer is an intrinsically fluorescent molecule mainly due to 8 tryptophan
residues it contains, as can be seen e.g. in the 1TUB structure from the Protein Data Bank (Nogales et
al. 1998). It is well known that the absorption (ca. 280 nm) and fluorescence (ca. 335 nm)
wavelength (and intensity) of tryptophan is dependent on the conformation of tubulin. Probing
absorption and fluorescence of tubulin is a standard method to determine the polymerization state of
MTs. This can be considered one of possible qualitative connections between the fluctuations of MT
growth and its corresponding biophoton absorption and emission characteristics. Additionally, there
exist other energy states (of both optical and vibrational nature (Jelínek and Pokorný 2001, Pokorný
et al. 1997, Deriu et al. 2010) which tubulin and the whole microtubule can support. These states can
be excited by energy supply provided by mitochondria (Cifra et al. 2010). Furthermore, microtubule
polymerization is sensitive to UV (Staxén et al. 1993) and blue light (Murata et al. 1997) and
mitochondria are known to be sources of biophotons corresponding to the same wavelengths
(Vladimirov and Proskurnina 2009, Hideg et al. 1991, Batyanov 1984), which makes an immediate
logical connection. Thus we see that the tubulin is a protein which can interact (absorb and emit) with
photons that can be also related to a redox mechanism used in the mitochondria.
Here, we consider tubulins as representative biomolecules. Next, we examine what happens when the
biophotons interact with the microtubular structures in the neurons of the brain.
Earlier, MTs have been considered as optical cavities (Mavromatos et al. 2002) with quantum
properties (Mavromatos and Nanopoulos 1998), capable of supporting only a single mode (Jibu et al.
1996) or perhaps a few widely spaced (in the frequency domain) modes. Our approach is based on a
fully quantum formalism of the Jaynes-Cummings model (Jaynes and Cummings 1963). We consider
the tubulin dimer to represent a two-state system with ground g , and excited e states, respectively.
This system interacts with a single-mode cavity field of the form
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a  a sin(kx)
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where ê is an arbitrary oriented polarization vector. The interaction Hamiltonian is given by (Gerry
and Knight 2005)
(2)
Hˆ ( I )  dˆg (aˆ  aˆ † )






where g  (  ) 2 sin(kx ) and d  dˆ.eˆ .The quantity  er is the dipole moment of tubulin, d  er . In
 0V

general, i.e. for an unspecified representation, the dipole moment is an operator, d̂ . Here, we
introduce the transition operators as ̂   e g , ˆ   g e  ˆ †
and the fluctuation
operator ̂ 3  e e  g g (Gerry and Knight 2005). The interaction Hamiltonian is:
(3)
H ( I )   (ˆ   ˆ  )( aˆ  aˆ † )
where   dg . Assuming that tubulin has only two well-spaced quantum states g and e , the


Hamiltonian for tubulin may be written as Hˆ tubulin  1 ( E e  E g )ˆ 3  1 0ˆ 3 . The energy difference
2

2

between the excited state and the ground state of tubulin is equivalent to the production or absorption
of a biophoton. For the field inside the MT, after dropping the vacuum energy, we have Hˆ f  a † a .
We conclude that the photons can be transmitted via MTs to the brain, thus the biophotons should be
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the same as incident photons. In this case, 0   . With this assumption in place, the total
Hamiltonian becomes:
1
(4)
Hˆ  Hˆ tubulin  Hˆ f  Hˆ Interaction   0 ˆ 3  a † a   (  a    a † )
2
Here, the state vector of tubulin is Tubulin  c g (t ) g  ce (t ) e )

and

the

state
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is Field   cn n . The total state is the tensor product  (t )  Tubulin  Field . Inserting the total
n0

state into the Schrödinger’s equation i d  (t )  Hˆ Interaction  (t ) , the result is readily obtained as
dt
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The Wu-Austin Hamiltonian has been used in the past to describe the interaction of quantized
electromagnetic field with MTs to yield a coherent Froehlich’s state of the dipolar biological system.
Wu and Austin (Wu and Austin 1977, 1978, 1981) proposed a dynamical model containing a
biological system composed of electric dipoles with N modes connected to harmonic heat baths
representing a quantized electromagnetic source and the surrounding thermal-relaxation bath. For N B
relaxation-bath modes k of frequency  k and N I input electromagnetic modes l of frequency 1' , the
model Hamiltonian is
NB

N

N I

N

NI

H Wu  Austin    i ai ai    k bk bk    'l cl cl   ai cl    ai cl
i 1

N

k 1

NB NB

l 1

N

N

i 1 l 1

NB

  ai b j bk    aib j bk  ai a j bk    ai a j bk
i 1 j 1 k 1

i 1 j 1 k 1

where ai , bk and cl are creation operators for the system, heat bath, and quantized electromagnetic
field, respectively. The parameters present in the Wu-Austin Hamiltonian are the coupling
constants  ,  , and  . We believe that the system of neuronal MTs is a good candidate for being
properly described by the above Hamiltonian. MTs are composed of tubulin dimers which can be
considered as biological electric dipoles. Previously one of the concerns of considering coherent
states in the brain was due to the fact that the Bose-Einstein condensation happens only at low
enough temperatures believed to be lower than body temperature. Recently, Reimers et al. 2009 have
argued that a very fragile Froehlich coherent state may paradoxically only emerge at very high
temperatures and thus there is no the possibility for the existence of Froehlich coherent states in
biological systems, so quantum models based on the Froehlich coherence should be ruled out. It has
been shown that there are serious problems in the calculations made by Reimers et al (2009) and
consequently their conclusions appear to be flawed (Salari et al, 2010).
However, an important problem that remains when considering coherent states for MTs is the socalled decoherence problem. The question is “how is it possible for MTs to be in a coherent state
while the environment surrounding them is relatively hot, wet and noisy?” Tegmark (2000) calculated
decoherence times for MTs based on the collisions of ions with microtubules leading to the
decoherence times on the order of:


D 2 mkT
 10 13 s
Ngq 2

(5)

where D is the tubulin diameter, m the mass of the ion, k Boltzmann’s constant, T absolute
temperature, N the number of elementary charges in the microtubule interacting system, g  1 the
4 0

Coulomb constant and q the charge of an electron. Hagan et al. showed that Tegmark used wrong
assumptions for his investigation of MTs. Another main objection to the estimate in (5) is that
5

Tegmark’s formulation yields decoherence times that increase with temperature contrary to a wellestablished physical intuition and the observed behavior of quantum coherent states (Salari et al,
2010). In view of these (and other) problems in Tegmark’s estimates, Hagan et al. 2002 asserted that
the values of quantities in Tegmark’s relation are not correct and thus the decoherence time should be
approximately 1010 times greater. According to Hagan et al., MTs in neurons of the brain can process
information quantum mechanically and they could avoid decoherence via several mechanisms over
sufficiently long times for quantum processing to occur. As a result, we conclude that coherent states
in MTs are still theoretically possible. Below, we explore the consequences of this conclusion.
We begin by representing the state of the MTs as a superposition of the coherent and incoherent
states, and the state of the biophotons as a field composed of n photons. In our approach, transitions
involving the coherent-incoherent process or, analogously, the preconscious-conscious process are
determined by a function called the fluctuation function, F (t ) .
Now, consider two states of a MT: the ground state (incoherent without energy pumping) 0 , and an
excited state (coherent with energy pumping) z . We reformulate our previous calculations for the
system of MTs and investigate its interaction with biophotons. First, prior to the interaction, MTs
may be in one of the two states: the ground state or the coherent state. We continue our calculations
for each of these states.
The state of MTs can be written in the form of a superposition of the ground state and coherent state.
MTs vibrate in different frequency modes before the energy pumping occurs. This state can be
written in the form n1 n2 n3 ....  n1 , n2 , n3 ,...  n j  and the energy of MTs is E    J ( n J  1 ) .
2

J

These states are orthogonal according to n1 , n 2 ,... n , n ,...    .... . All these states can be
n ,n n n
'
1

'
2

1

'
1

'
2 2

† nj
j

generated from the vacuum according to  n   ( aˆ ) 0 .
j

nj!

j

MTs vibrate in different modes in the absence of electromagnetic waves, but when electromagnetic
waves are pumped into this system, according to Froehlich’s theory they occupy one frequency mode
which has a higher energy. This higher energy state is a coherent state. Assuming that before energy
pumping occurs, MTs are in the ground state with n j  0 , the energy is E    J ( 1 )
and
2

J

n 
j

 0 . This is a living system and we let the ground state of the MT be equivalent to the ket 0 .

Now, the state of MT can be written as the superposition of the ground state and coherent state,
(6)
| (0) biomolecules  c g | 0  ce | z
where z is our representation for the coherent state. It is written as z  e 

z

2

2




n 0

zn
n!

n .

We now investigate its interaction with N biophotons. The state of biophotons is considered as

(7)
|  ( 0)
  cn | n
biophotons

n0

and the total state is
| (0) | (0)

biomolecules

 |  ( 0)

(8)

biophotons

After solving the Schrödinger’s equation we have the time-dependent wave function as






  c c cos( t n  1)  ic c

g n 1 sin(t n  1 | z 
 e n
| (t )   
|n
n  0    icecn 1 sin( t n )  ic g cn cos(  t n ) | 0 }





It is clear that this state is an entangled state, because it cannot be rewritten as a tensor product.
In this case, the MT system is considered as a system of biomolecules (tubulins), and it first occupies
the ground state. It means c g  1 , and ce  0 .
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After the substitution of these coefficients, the state becomes





   ic
n 1 sin(t n  1 | z

| (t )   
n 0   ic n cos( t n ) | 0 }
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(9)

Written in another form the state is
| (t ) |  g (t ) | 0  | e (t ) | z

(10)



(11)

|  g (t )  i  c n cos( t n ) | n

(12)

where
|  e (t )  i n 0 cn sin(t n ) | n  1

n0

Now, we introduce the fluctuation operator  3 as
(13)

 3 | e e  | g g  z z |  0 0 |

To determine when the MT is in the coherent state and when in the ground state, we use the
fluctuation function. We define the fluctuation function as
F (t )    3 

This function determines the rate of transitions between the coherent state and the ground state.
Eventually the fluctuation function for this state is


2



2

F (T , z )   c n cos ( n T ) e

z

2

n0

2

 z
2 
z

 1   cn sin ( n T ) e 2  e


n0







2

2

(14)

where T  t . We refer to the parameter T as “scaled time”.
Here, cn is the coefficient describing the biophoton field. Biophotons have also been considered
coherent elsewhere (Bischof 2005, Popp and Yan 2002, Bajpai 1998, 1999), but the claim of their
coherence still requires a concerte proof. Here we hypothetically accept the coherence property of
biophotons and investigate its consequences. Thus for biophotons we have
cn  e




2

2

n
n!

We know that normalization implies that  2  N , where N is the average number of biophotons.
n
Thus, c n 2  e  N N .

n!

Finally, the fluctuation function becomes


F (T , z )   e
n0

N

z
Nn 
2
2
1  cos ( nT )  sin (e
n! 

2

2


nT )


The 3-D diagrams of the fluctuation function are plotted in terms of the scaled time and coordinate z,
for different numbers of biophotons N. According to earlier calculations (Bokkon et al. 2010), at least
100 biophotons can be produced within each human visual neuron per second during visual
perception. So, a few biophotons per second are probably simultaneously present within the 1-10
micrometer length of a MT. Here, we have considered different values for the numbers of biophotons
around a MT such as N=2, 5, 7 and 10 and plotted 3D and 2D diagrams of the fluctuation function in
Figures 1 and 2, respectively.
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Fig. 1. 3D diagrams of the fluctuation function for different numbers of biophotons N. It is seen that the maximum of fluctuation is around
Z=1. MT is initially in the ground state

As introduced above, F(T,z) is the fluctuation function which determines the transition rate of
biomolecules between the coherent states and the ground state. When in coherent states, the
biophotons are absorbed via biomolecules and when in the ground state, the biophotons are absorbed
via the vacuum. In this model, the information can be restored from the vacuum, and conscious states
can be repeated as before. Then, the information can be sent back to the memory site again via
emission of biophotons. This cycle can be repeated an arbitrary number of times. We have plotted the
F(T,z) function for different values of its variables. According to 3D diagrams in Figure 1, we let the
values near 1 for Z, since the main fluctuations are in this area.

8

Fig. 2. 2D diagrams of the fluctuation function for different values of N and Z in different scaled time intervals. MT are initially in the
ground state.

Now, we investigate the behavior of the fluctuation function with the assumption that the MT is first in the
excited state. Here ce (0)  1 and c g (0)  0 . With the substitution of these coefficients we have


(15)

 e (t )   cn cos( t n  1) n
n0


(16)

 g (t )  i  cn sin(t n  1) n  1
n 0

Continuing our calculations for the fluctuation function we find that

z
Nn 
2
2
F (T , z )   e  N
1  sin ( n  1T )  cos (e
n! 
n0

2

2


n  1T )


We have plotted 3D and 2D diagrams of the fluctuation function in Figures 3 and 4, respectively. As shown
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before, the maximum of fluctuations is found to be around Z=1. Here, we see again these fluctuations around
Z=1.

Fig. 3. 3D diagrams of the fluctuation function for different values of biophotons N. In this interaction, MT is initially in the coherent state

And as before, we have plotted F(T,z) for this case for different values of its variables.

10

Fig. 4. 2D diagrams of the fluctuation function for different values of N and Z. MT is initially in the coherent state.

It is also worth stressing that centrioles and cilia, which are complex microtubular structures, are involved in
photoreceptor functions in single cell organisms and primitive visual systems. Cilia are also found in all retinal
rod and cone cells. The dimensions of centrioles and cilia are comparable to the wavelengths of visible and
infrared light (Hameroff and Tuszynski, 2004). In a series of studies spanning a period of some 25 years G
Albrecht-Buehler (AB) demonstrated that living cells possess a spatial orientation mechanism located in the
centriole (Albrecht-Buehler 1994, 1995, 1997). This is based on an intricate arrangement of microtubule
filaments in two sets of nine triplets each of which is perpendicular to the other. This arrangement provides the
cell with a primitive ‘‘eye” that allows it to locate the position of other cells within a two to three degree
accuracy in the azimuthal plane and with respect to the axis perpendicular to it (Albrecht-Buehler 1997). He
further showed that electromagnetic signals are the triggers for the cells’ repositioning. It is still largely a
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mystery how the reception of electromagnetic radiation is accomplished by the centriole. Another mystery
related to these observations is the original electromagnetic radiation emitted by a living cell (Tuszynski and
Dixon, 2001).

7. Discussion
There is no doubt that EEG waves are deeply involved with the basic functioning of the brain but the
origin and the exact function of EEG has remained a mystery. The EEG waves associated with two
distant neurons are strongly correlated and this supports the view that EEG waves are related to the
properties of the brain as a coherent quantum system. It is not possible for a scalp EEG to determine
the activity within a single dendrite or neuron. Rather, a surface EEG reading is the summation of the
synchronous activity of thousands of neurons that have similar spatial orientation, radial to the scalp2.
Synaptic transmission and axonal transfer of nerve impulses are too slow to organize
coordinated activity in large areas of the central nervous system. Numerous observations confirm this
view (Reinis et al. 2005). The duration of a synaptic transmission is at least 0.5 ms, thus the
transmission across thousands of synapses takes about hundreds or even thousands of milliseconds.
The transmission speed of action potentials varies between 0.5 m/s and 120 m/s along an axon. More
than 50% of the nerves fibers in the corpus callosum are without myelin, thus their speed is reduced to
0.5 m/s. How can these low velocities (i.e. classical signals) explain the fast processing in the nervous
system? We believe that quantum theory is able to explain some of the above mysteries. As an
example, recently it has been shown theoretically that the biological brain has the possibility to
achieve large quantum bit computing at room temperature, superior when compared with the
conventional processors (Musha, 2009).
Neuroscientists or brain specialists record the EEG diagrams of their patients when their eyes
are closed, because when their eyes are open the amplitudes of diagrams dramatically would be
reduced and they cannot diagnose changes in the amplitudes. In Figure 5 we represent the EEG
diagrams of a person with different situations as explained in the caption to the figure. When the eyes
are opened, the number of interacting photons with the biomolecules becomes high and the
amplitudes of EEG become low. It is clear when the intensity of incident light is high; it must produce
more action potentials than low intensity light. In classical physics, it is argued that this situation is
because the superposition of several waves tends to decrease the amplitude of the total wave. This
argument ignores the intensity of the incident light entering the eye. This classical argument also
cannot explain when and how the synchronization happens in order to decrease the amplitude of EEG.

Fig. 5. A schematic alpha-EEG diagram of a person when (a) the eyes are opened and then he/she closes the eyes (b) the eyes are closed and
then she/he opens his eyes and then closes them again.

2

Updated from : http://www.reference.com/browse/electro-encephalogram, 13 November 2009.
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Our argument is based on the interaction of photons and biomolecules inside the neurons. When the
eyes start to be opened, the incident numbers of photons into the eyes increases and according to our
diagrams in previous sections the amplitudes are reduced. So far we have not been able to find an
exact relation between the EEG diagrams and the fluctuation function, but the synchronous and
coherent vibrations of billions electric dipoles of biomolecules cannot be ignored in the EEG
diagrams. MTs are particularly numerous in the brain where they form highly ordered bundles and are
the best candidate for long coherence and large synchrony (Hameroff and Penrose, 1996). The
argument for connection between Alpha-EEG diagrams and MTs activity is their similar behavior in
increasing and decreasing of amplitudes of fluctuation function for MTs and potential difference in
EEG in response to the intensity of photons. This similarity during opening and shutting of the eyes
indicates a significant relation between the EEG diagrams and the fluctuation function. Obtaining a
mathematical relation between fluctuation function in MTs and potential difference in neurons can be
an interesting subject of our future research.
The amplitude increment of EEG is probable after a small time after the opening of the eyes, because
the pupil reflects against the sudden light and forbids the photon increment and reduces photon
numbers. Thus, the number of interacting photons will be reduced.
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