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Neural Synergetics, Lorenz Model of Brain,
Soliton-Chaos Double Solutions and Physical
Neurobiology

Yi-Fang Chang
ABSTRACT
First, the neural synergetics are discussed. Then based on the basic equations of synergetics, we derive quantitatively the Lorenz
equations and Lorenz mode of brain, whose two wings correspond to two hemispheres of brain, and two hemispheres jump
about, which describes thinking. It shows that life lies in cooperation in chaos. The neural synergetics possesses three levels:
structure, activity and thinking on brain. Next, based on the quantum and nonlinear neurobiology, we discuss the soliton-chaos
double solutions of the nonlinear equation, and their possible meaning. Finally, combining some known theories in

neurobiology and the elastic hypothesis of memory, etc., the physical neurobiology is proposed.
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1. Introduction

The quantum biology is well-known, for
example, Woo (1981) proposed an
experimental approach on consciousness and
quantum interference. = NeuroQuantology
investigates consistently quantum
neurobiology since 2003. Tarlaci (2010b)
discussed a historical view of the relation
between quantum mechanics and the brain
from a NeuroQuantologic perspective, and is
assumed to be a quantum mechanical many-
body system interacting with the macroscopic
neuron system.

Pratt (2003) searched consciousness,
causality and quantum physics. Shan (2003)
proposed a possible quantum basis of
panpsychism. Bernroider (2003) discussed
quantum-neurodynamics and the relation to
conscious experience. Tarlaci (2005) discussed
quantum brain dynamics, general quantum
neurodynamics, quantum field theory and
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consciousness. Then Tarlact (2010a) proved
we need quantum physics for cognitive
neuroscience, and researched the probabilistic
quantum thinking and obtained experimental
results that are of basic significance in the
fields of neuroscience and of psychology
(Tarlac1 2010c¢). Erol (2010) researched basics
and concise relations between Schrédinger
wave equation and consciousness/mind. Vimal
(20094, b; 20104, b) researched systematically
the subjective  experience aspect of
consciousness as an integration of classical,
quantum and subquantum concepts for
emergence hypothesis, and discussed a theory
of everything as introduction of consciousness
in Schrodinger equation, standard model, and
loop quantum gravity and string theory and
unification of experiences with fundamental
forces.

Based on the extensive quantum theory
in which the formulations are the same with
the quantum mechanics and only quantum
constant h is different (Chang, 1993; 2002), we
propose the extensive quantum biology (Chang
2012a). Such we may apply various theories of
quantum mechanics, and whose equation will
be very known and simple (Tarlaci, 2011).
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Based on the inseparability and correlativity of
the biological systems, we proposed the
nonlinear whole biology and four basic
hypotheses (Chang, 2001; 2012b). It includes
naturally the nonlinear whole neurobiology,
and may unify reductionism and holism,
structuralism and functionalism. The brain as
a mixed physical system composed of the
macroscopic neuron system and an additional
microscopic system. Submicroscopic world of
the human brain give rise to consciousness,
mind. Such we are never able to make a sharp
separation between mind and matter, between
consciousness/mind and matter (Tarlaci,
2010b).

2. Neural synergetics and Lorenz model
of brain

In 1977 Haken proposed synergetics, which
introduces nonequilibrium phase transitions
and self-organization in physics, chemistry
and biology. Its main goal is the search for
common features of self-organizing systems in
a great variety of seemingly quite different
systems, and the search for general principles
underlying the spontaneous formation of
spatial, temporal or functional structures. The
oscillatory responses can synchronize over
considerable distances across spatially
separate columns (Gray et al., 1989) and even
between cortical areas (Eckhorn et al., 1988).
In 2000 Eckhorn described his experimental
evidence is based on multiple microelectrode
recordings from the visual cortex of
anaesthesized cats and awake moneys. The
applications of synergetics in biology are
namely the nonlinear whole biology.

Based on the synergetics, Haken, et al.,
engage a series of investigations for brain.
They proposed the phase transition in brain as
a spatial mode dynamics (Fuchs et al., 1992)
and a physical network model on noise (Haken
1996) in brain by laser theory and synergetics.
They obtained a field theory and equation of
brain activity (Jirsa et al, 1996a,b) and a
derivation of a macroscopic field theory of the
brain from the quasi-microscopic neural
dynamics (Jirsa et al., 1997), and proposed a
field theoretical model of brain (Frank et al.
1999), whose equation is:

2

w(x,t)+(Q2 -v? 0

v
azx)'// YoV (1)

+N(y,y,t)=o0.
We apply the basic equations of synergetics
(Haken 1977):

&

(2)
(3)

db/dt =—kb—iZgyaﬂ +F(t),
da# /dt:—ya# +19, *ba# +T, (1)
dO'ﬂ /dt=y,(d, -0,)

+2i(g, a,b*-c.c.)+T, (1),

(4)
where b is the amplitude of field, a, is the

atomic dipole moment, and o, is the atomic

inversion. When k<o, these equations may
describe the productions of laser and other
order systems. Laser is a new macroscopic
order state. This self-organized phenomenon
is analogy completely with the cooperation of
brain cells.

When we neglect various random
effects F(¢),r,(t),r, (1) in Egs.(2)(3)(4), and

let b>x,a,>y, 0,»0 and z=A-ec , SO

Egs.(2)(3)(4) are simplified, and become the
equations of the Lorenz model:

dx/dt=-vx+ky, (5)

dy/dt=ax-by-xz, (6)

dz/dt=—cz+xy. (7)
This result is a spatial mode. Usually, we
suppose that all parameters are positive. If
various parameters in Eqgs.5-6-7 take suitable
values, a beautiful Lorenz strange attractor
(Figure 1) will be obtained. The neural
meaning of the Lorenz model should be a
phenomenological model of brain, whose two
wings correspond to two hemispheres of brain,
and two hemispheres jump about, which
seems to describe thinking. It shows that life
lies in cooperation in chaos.

Figure 1. X-Z view of Lorenz model.

The neural synergetics possesses three
levels:
1) The structures on brain are formed through
the nonlinear cooperations from a great deal
neurons.
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2) The brain activity is produced from some
complex biochemical cooperative interactions.
3) The thinking in brain is derived from
different subsystems of various partial
neurons networks. The neural synergetics as a
whole produces the consistency of thought and
behavior. Further, it produces a synergetics
between body and spirit.

The nonlinearity in the brain
synergetics on the one hand thinking produced
from chaos, on the other hand information
conducted from solitons (Chang, 2012a). For
example, the nonlinear Duffing equation
described coupling and oscillation of the
neural network.

By the adiabatic approximation in
synergetics, Eqs 2-3-4 can change to the two
simplifying equations:

db/dt=——kb+(g* | bY o, +F®),  (8)

do,/dt=y,(d,~o,)-(49% / Y)b*bo, - (9)

Further, theses equations may become a
nonlinear equation, for example, a laser
equation:

% vab+ pb® = F(t) - (10)

In this case, the order parameter is ¢ =C, —kD.
When D is smaller, and D<C, /k, S0 a>o0,

and the potential is symmetrical and unstable.
When D increase to a certain threshold value,
and D=C, /k , and g=0, then the phase

transformation appears. When D>C, /k and

a <0, the potential forms a metastable state

broken symmetry. In this case, new phase, i.e.,

a self-organization, like laser will appear.
When F(t)=0, Eq.(10) may become to:

ds »

oA (11)

its solution is:

S=cth(pt) /B - (12)
Eq.(11) corresponds to a difference equation:

X, =1-uX>®. (13)
It is the simplest difference equation with the
chaos solution.

3. Quantum neurobiology and soliton-
chaos double solutions of nonlinear
equations

Assume that the propagation in neural system
obeys the wave equation, and the conduction
with invariable size and shape (Ball, 1969)
should be the nonlinear solitary wave (soliton).
The release of the neurotransmitter is the
quantal release, in which a vesicle of motor

&

nerve endings may include about 7000 Ach
molecules (Kendel et al., 2000; Nicholls et al.,
2001). This should be the extensive quantum
biology (Chang, 2002; 2012a). We discussed
the fractal, chaos and soliton in nonlinear
biology and neurobiology (Chang, 2012a), in
which soliton may keep the integrality and
veracity of information in neural transfer.

It is well known that some nonlinear
equations have the soliton solutions (Scott et
al., 1973), while all nonlinear equations have
the chaos solutions. For general cases, the
fundamental characteristics of soliton and
chaos in nonlinear equation are completely
different: a soliton has the same shapes and
velocities in a travelling process and even if
through a collision, it has a definite trace
which is analogous to a classical particle; the
chaos is a universal phenomenon for various
nonlinear systems, it describes an order and
intrinsic stochastic motion which appears to
be irregular and confused. Therefore, they
form usually two remarkable aspects,
respectively. But the both relations are being
noticed increasingly (Chang, 1988). Abdullaev
(1989) summarized the dynamical chaos of
solitons and breathers for the sine-Gordon
equation, the nonlinear Schrédinger equation
and the Toda chain. Some discussed the
relations among chaos and the Korteweg-de
Vries (KdV) equation (Zaiko, 1992), the
perturbed sine-Gordon equation (Filatrella et
al., 1993), the complex Ginzburg-Landau
equation (Popp et al., 1993), which have the
soliton solution. Warbos has even suggested
an idea: chaotic solitons (chaoitons) in the
conservative systems (Werbos, 1993).

We proved that some equations have
soliton solutions and chaos solutions, and
their conditions are different (Chang, 2004;
2007). All nonlinear equations with a soliton
solution may derive chaos. While only some
equations with a chaos solution have a soliton.
The conditions of the two solutions are
different. When some parameters are certain
constants, the soliton is derived; while these
parameters vary in a certain region, the
bifurcation-chaos appears.

Schrodinger equation in quantum
biology induces time rhythm and periodicity. A
nonlinear Schrédinger equation is:

b, +ig +k|g| p=0 (14)
It can describe the soliton model of the
vibrational energy transported along the
biological macromolecules (Davydov, 1982;
Takeno, 1984), and a strongly dispersive
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nonlinear field (Taniuti et al., 1983). Its soliton
solution is (Scott et al., 1973):

@, =@, sec h[\/g , (x —1,1)]

(15)
LU
eXlD[l(j)(x -u,t)],
where the variable n=x-u,t . Let
p=expli-=(x-u,l, (16)
the equation (14) may become
@:[C+av2 —Ev“]l/2 , (17)
dn 2

where a=(u, /2)" -(uwu, /2) . When C=0, the
soliton solution is:

/2a
v=,|=—sech’*n.
2 n

From this let v =+/2a / k sin x , the equation is

x'=+/asinx, (19)
which has the chaos solution. For a stable state
whose energy is H, if k=-b<0, the equation will
be

(18)

§'+Hp—bg’ =0, (20)
whose integral is

§=(C—HF +2 )", (20
Let C=H"/2b,s0

= 5C =), (22)

When |¢|<JH/b , so the condition on

|x| < u'” is satisfied necessarily in the region,
the soliton can exist. While for two-branch
region, 1.25 >y, > 0.75, i.e., 1.154 > u;"* >
0.894; for a region from four-braches to chaos,
1.401152> 11 >1.25, i.e., 0.894> u~''* > 0.845.
Since |x|<1, the necessary condition in which
the soliton appears is ¢ <1, it corresponds to

the region of single solution and a part of two-
-1/2

branch region. For the rest |x| < g * does not
hold generally.
When |¢|<{H/b,

@=-%M(§n+qy (23)

It is the simplest soliton with a bell shape.
Using a substitution ¢=Hx/~/2b for Eq. (22),
and it became a difference equation

&

H

X, =1-—X:-. (24)
2

It is namely Eq.(13), which has the chaos
solution, and its parameter determined the
bifurcation-chaos is u=H /2. Moreover, the

nonlinear Schrodinger equation develops to
the relativistic nonlinear Dirac equation and
the cubic Klein-Gordon equation; both possess
still the soliton-chaos double solutions (Chang,
2004; 2007). In the molecular biology, the
movement of DNA double helices may be
described by a set of coupled sine-Gordon
equations (Zhang, 1987). Bang, et al. (1996),
studied generation of high-energy localized
vibrational modes in nonlinear Klein-Gordon
lattices. Cocco et al. (1999), investigated the
vector nonlinear Klein-Gordon lattices, where
the envelope soliton solutions of a helicoidal
DNA model.

According to Haken’s laser theory, when
F(t)=0, the fundamental equation (10) is
namely:

Z—J;+af+bf2=o. (25)
It may become
freaf s abff = £ (e f (26)

+3abf® +2b° f3) =0,
which corresponds to the cubic Schrodinger
equation. Its solution is:

la|

fO)=-5+ ?th(%) , (27)

which is also a like-soliton. Eq.(25) is namely a
logistic equation:

dF
E—F(QE—F). (28)

It corresponds to a difference equation with
chaos:

X, =1-—a*E*X?

4

(29)
The equation (28) has the solution

p___aE

1+ Cexp(-aEt)

When t>0, Eq. (30) is analogous to a soliton
since F=aE/(1+C) for t=0 and F=¢E for

t > . It shows that the state will reach to
stable at last as time increases continuously.

The simplest difference equation (13)
with the chaos solution corresponds to a
differential equation of first order:

dx /dt=1-ux*, (31)
and a partial differential equation of second
order

(30)

www.neuroquantology.com



NeuroQuantology | March 2013 | Volume 11 | Issue 1 | Page 56-62

60

Chang Y-F., Nonlinear whole biology and loop quantum theory applied to biology

b~ +ap—bp’ =0 (32)
When (x(<1/+/u for Eq. (31),
X =——th(un+C), (33)

Ju

is namely a soliton solution. A bifurcation-
chaos region 2> 1 >0,xe[-1,1] corresponds to
w>u*>1/\2=0.7071 ... For single stable
solution 0.75> 4, >0, i.e., 0> "> > 1.154, SO
the

necessarily in the region, the soliton can exist.
While for two-branch region, 1.25> x4 > 0.75,
i.e., 1.154 > 4> >0.894; for a region from four-
braches to chaos, 1.401152> 11> 1.25, i.e., 0.894

condition on |x<ux™* is satisfied

>u*> 0.845. Since |x|<1, the necessary
condition in which the soliton appears is x<1,
it corresponds to the region of single solution
and a part of two-branch region. For the rest
|x| < #7*/* does not hold generally.

The ion as a ion-acoustic wave may be
described by the KdV equation (Washimi et
al., 1966; Tappert et al., 1971; 1972a, b). For
KdV equation:

v, +topy +y =0, (39)
and X, =Asin(zX,), (35)
they possess the soliton-chaos double

solutions (Chang, 2004; 2007).

The quantized soliton corresponds to
quantum (extensive quantum) biology (Chang,
2001; 2012a) and conduction. While chaos
corresponds to oscillations of some neurons,
and even is related with thinking. Based on the
analysis for EEG scientists found that usual
brain wave is chaos, which possesses the
behavior of the strange attractor with the
fractal dimension. Only the brain wave of
falling sickness is periodicity.

Based on the nonlinear and quantum
neurobiology (Tarlaci, 2005; 2010a; b; c), the
double solutions show quantitatively the
simultaneous existence on determinism and
probabilism from an aspect in some nonlinear
systems. The double solutions with chaos and
soliton of a nonlinear equation may be applied
simultaneously to neurobiology, which shows
just the nonlinear whole neurobiology (Chang,
2012b).

4. Entangled state of neurobiology and
the physical neurobiology

The entangled state shows the quantum
nonlocality, and nonlinear whole character. It
may  describe some phenomena in

&

neurobiology. Haken (2002) discussed that
the mesoscopic neuronal cooperativity and
some fundamental experimental results on the
synchronization among groups of neurons
correspond to the quantum entangled
functioning state of neurobiology. Erol (2010)

discussed  quantum  entanglement as
fundamentals and relations with
consciousness/mind. The coupling
representation in quantum mechanics is:
SX,, = MX, (S=s"+s"). (36)
For S=0 and M=o, there is:
1.1 1
Xoo :_[|_>A| ——>p
2 2
V2 (37)
| _i |l> ]
2 Ao TP
For S=1 and M=0, +1, there are:
1.1 1
XIO =_[|_>A|__>B
2 2
V2 (38)
>, =5,]
2 A > B
1,1
X11 :_>A| >B7 (39)
X1—1 :| - >A| ——>3 (40)

Here X ,X,, are the entangled states. The
entangled states as the superposition of X,

and X, , are:

. 1.1 1
|y >AB=E[|E>A|_E>B

L (41)
i|__>A|_>B]’

2 2

. 1.1 1
lp >AB_E[|E>A|E>B

(42)

| 1>|1>]
t= o=l

They are analogue with Bell basis in quantum
mechanics.

Some experiments on the quantum
teleportation proved the quantum nonlocality
(Bouwmeester et al., 1997). Based on the
Einstein-Podolsky-Rosen (1935) correlations
and entanglement, the quantum state is:

w(A,B) >:i2(|T>A >, —N>,01,). (43)

7

Basic equations for the phases of two
coupled neurons are (Haken 2002):

@, +19, = Af(p,)+C,, (44)
for neuron 1, and
@, +rp, = Af (p)+C,, (45)

for neuron 2. If ¢, =¢p, =¢, the two equations
are the same form, namely
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p+rp=Af(p)+C. (46)
Its potential is:
V(p)=-A[ f(p)dp—Cp+C, . (47)

Various electromagnetic phenomena
and theories in neuroscience are well-known,
for example, electroencephalogram (EEG), the
passive and active electrical property of
neuronal membrane, the resting potential and
the action potential of neuron and
corresponding ion mechanism, the electrical
synaptic transmission and so on (Kendel et al.,
2000; Nicholls et al., 2001). Hodgkin and
Huxley proposed the ion theory of the
neurilemma.  Hodgkin-Huxley  equations
describe the conduction of electric potential on
the neurilemma.

Godfroid (2003) proposed psychiagenia
as the superstring theory (a ‘gauge theory’ for
quantum physics) for the mind-brain problem.
Based on the equation of the Yang-Mills gauge
theory:

D, F" =Jg> (48)
and the nonlinear whole biology and the
extensive quantum biology, we proposed that
various diseases may originate from usual
external circumstance and the contagion of
other organs, both correspond to the external
forces and the boundary conditions. Further,
diseases may originate from the internal
infections, the congenital gene and some
random elements they correspond to the
interaction terms, the initial conditions and
random terms. From the view of diseases the
medical treatment ways should be different
(Chang, 2012b).

The conduction velocity in some neural
systems quicken for higher temperature, and
slower for lower temperature. When the
temperature is o° C, then the conduction
pauses. The thermal conductivity K and the
diffusion coefficient D are direct proportion to
the average speed (Feynman et al, 1964;
Holman, 1980). While various average
velocities and the velocity of sound are direct
proportion to T2,

It is known that the base of neurophysiology
on memory is possibly the sensitivity and
plasticity of synapse; the base of neurobiology
on memory is related with in matter
metabolized in brain, especially, protein
synthesis and gene activation in brain; the
base of neuroanatomy on memory is that the
forever memory is probably related with new
contacts among synapses and with
morphological change of brain. For a mouse

&

with more activity on learning and memory, its
pallium is upgrowth, and the affiliations of
synapse among neurons are more and
complex. We researched the nonlinear
mechanism of memory (Chang, 2012a). Now
we propose that the long-term memory
corresponds to the inelastic interact, in
particular, the declarative memory, i.e., the
explicit memory is probably analogy with
character of Compact Disc (CD). A loss of
memory corresponds to resume elasticity. It is
an elastic mechanics of memory.

The nonlinear Schrodinger equation may
describe the stationary two-dimensioanl self-
focusing of a plane wave, and a threshold value
of amplitude exists for self-focusing (Taniuti et
al., 1983). Perhaps, it corresponds to focus
one’s attention on memory. Memory should
correspond to the weak dissipation and shock
waves (Taniuti et al., 1983).

From various electrical properties of
neuroscience, quantum neurobiology, wave
propagation and thermal conductions in
neural systems, elastic mechanics of memory,
etc., and their developments, we may propose
and investigate the physical neurobiology.
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