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Original scientific paper Stability conditions of the transmission of informations through nerve fibers by soliton mechanism are analysed. The fibers in mutual contact are characterized by a given temperature distribution. 
I. Introduction

In biological processes transmitting informations through nerve fibers consis­ting of quasilinear structures such as a-peptide groups 1> one has usualy the case of crossed nerve pathes. If the molecular chain model transmitting the information by local solitonic excitations2> is chosen to describe the nerve pathes, it is important to assess the ther­modynamical stability of the system when it is assumed that the transport takes pla­ce through many pathes simultaneously and that a given temperature distribution reigns over the molecular chain in a given moment i. e. using the relaxation theory we shall analyse the stability of the system transmitting informations (the momen­tum and energy) by determining the temperature of each subsystem (linear chain) as a function of time. The basic theory used here consists in the interpretation of the nonequilibrium statistics formalism in accordance with papers of Zubarev and Po­krovski 3 •4>. The system is stable if the temperature depends very weakly on time, more weakly, let us say, than if the processes were refering to collective excitation of the system (the excitons). This can be shown explicitly by examining the analytical expressions of the solution. 
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2. Davydov' s solitons on T 'f:. 0
Davydov5> examined the dependence of the soliton state on temperature, in a molecular chain, applying the following model (that we used already in some pre­ceding papers). 
The linear molecular chain is described by the Hamiltonian 

(2. 1) 

In the simplified model the exciton Hamiltonian is 

t! 0 is the energy of the exciton zone in the simplified two-level model, m is the effec­tive mass of the free electron defining the excitation leveis and R0 is the constant ofthe crystal latice. 
Hph = :I; Ii Q4 b! b",

q 
(2.3) 

is the longitudinal phonon Hamiltonian where b; and bq are the creation and anni-
. .. ... hilation phonon operators having wave vectors q, !J4 = v0 lq l  is  the phonon fre-

quency, while v0 = R0 V �is the sound. velocity. M is the molecular mass in the
node, and u is elasticity constant of the crystal. 

The Hamiltonian of the ex�iton-phonon ·.interaction is described by 
Hint = N!,2 :I; F (q) B; Bn (bq + b:fl) ei n Ro q

qn 
(2.4) 

F (q) is the intensity of the exciton-phonon interaction with. constant coupling x;· while Bn and B: are the Bose operators of annihilation and creation electron on the n-node.
F ( q) = i O' ( Ii I ;I ) 1 1 2 

! ; <1 = 2 Ro X2 M v0 l q l 
(2.5) 

At T 'f:. 0 following the lines of Ref. 5 we · ask for the state of the system in form of the Schrodinger amplitude 
IV'" (t)) = :I; <fJn (t) B; I OeJ) Un (t) I v), (2.6) 
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where " are phonon states given by the expression . 
(2.7) 

and where I Oex) and I O,,,,) are the exciton and phonon vacuum states., respectively. The unitary equilibrium mode displacement operator appearing in the result of exciton-phonon coupling has the form 
Un (t) = exp {:E [P:n (t) b" - fJqn (t) b:]},

Pqn are chosen as modulated waves., 

/Jqn (t) = P11n (t) e-i n Ro q ,
where the f/Jn (t) is normalised by the condition 

(1f'v I 1Pv) = :E l'Pn {t) 1 2 = 1 .  

(2.8) 

(2.9) 

(2. 10) 

In this formalism f/Jn (t) and Pqn (t) play the role of dynantjcal variables and are de­termined from the Hamiltonian equation 
i Ii a Pqn (t) = a (H) 

at a P:n (t) '
a (H) 
a rp: (t)

(2. l la) 
(2. l lb) 

(H) is the functional averaged over phonon states plaving the role of the Hamilto­nian function, i. e.
(H) = l; (!r,v Hvv, (2. 12)

Hvv = (1/'v I Hex + Hint I 1P•·> + :E (1' I u,; (t) Hph Un (t) I 11), (2. 13)
(!,,,, is the diagonal element of the phonon density matrix operator 
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H,,r, (v I e- e I v)
(!r,v = 

H,,,, 
• :E (v I e - al v) 

(2. 14) 
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From the Hamiltonian equation system (2.1 la), l2.1 lb) the nonlinear Schrodinger equation (refering to <p (x, t) and having a cubic nonlinearity) may be derived incontinuum approximation 
• b a <p (x, t) _ [.!' + _Ii_ ( l _ -w)] ( ) + _Ii_ -w R2 a2 <p (x, t) 

+i n a � o R2 e <p x, t 2 R2 e o !.l 2 t m O m O u x  
+ G l'P I  2 <p (x, t) = o. (2.15) 

The particular solution of (2.15) is the solution of a solitary wave depending on the variable � = x - v t, where x is the position along the molecular chain. The ex­plicit soliton solution has the form 5 > 

(x, t) = [Ro a (BT)] 1 1
2 exp {k (x - x0) + ;,,, (a2 (l':lr) - k2) - � ,} i

<p 2 eh [a (BT) (x - x0 - v t)] ' (2.16) 
where 

64 

m Ro <12 

n R2 <12 B = Ro 4 M v� c°i - s2) Ii'

ii = h !J q ' e""er - 1 
V s = -, 

Vo 

(2. 17) 

(2. 18) 
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The expression e-w is the Debye-Waller factor. The temperature effect in the case of solitons is such that the raising cf temperature provokes a spreading of the soli­ton. The consequence of this fact is that the nonlinearity coefficient G tends to zero with the temperature, so that Eq. (2.9) becomes linear and describes in a certain in­terval of the temperature a plane wave. 
3. Kinetical coefficients of the system 

Let us take that we have n chains ordered by descending temperature and each of which is in contact with the preceding and the following one so that 81 > 82 > > .. . @n -1 > eh (see Fig. 1)

Fig. l. 

This system can be described by the Hamiltonian 
H = 1: H1 + H:nt' ;-1 (3.1) 

H1 is the Hamiltonian belonging to the chain (j), Hrn, - is the phenomenological interaction corresponding to the contact 
(3.2) 

ai is the contact node belonging to chains j and j + 1, W is phenomenological pa­rameter of interaction. 
The state in the chain j is obtained from the equation of motion 

(3.3) One has 
where 
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sin ce there are no common variable s  and 

since this is a s mall quan tity of highe r  order, so that 

(3.4) 

Taldt?, g i nto account t hat in all biophysical rele vant cases 8 0 is of t he orde r  of mag­

ni� de of eV whille the resonant interaction mli�
6 

('-.J 1 0- 3 to 1 0- 2 eV the fo llowing

approximation is valid W LI.) :;� W ( where LI. =  80 + mli;�) and

(3.5) 

The e xpression (3.5) is usefu ll in asse ssing the state through soliton ic me chanisms 
and therefo re in applied approximation it is not ne ce ssary to use analytic al e xpres-
�oa 

According to the proce dure applie d  by Pokrovsk i4> and e xplicitly give n  in Ref. 3 
(p. 261 , 262) we can obtain the average value of t he corre sponding  e ne rgy current 

The syste m  of Eqs. (3.6) fo llows in c onsequence of the cur ren t conse rvation law in a 
system of in teracting mole cular chains 

n • 
l: H1 = 0, 
i=l 

(3.7) 

where t he aver aging is made with respe ct to t he local eq uilibr ium den sity matrix 
(!q given as

exp{.-M} 
(!q = Sp {exp [-M]} · (3.8) 

We use d  above the followin g  notations /Ji 1 = K8 T, s is a small para me ter in clu­
ding the time ,  and 

M � L 'YJ L BJm BJm, (3.9) 
j=l m 
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(3.9a) 

where µ denotes the corresponding chemical potential of the chain.For a state near to the equilibrium, (/Js - {J,.) can be treated as nearly constant and taken in front of the integral sign denoting the time integration. So (3.6) beco­mes 

where the kinetical coefficient is 

and (3. 10) becomes 
Since 

• n-1(H1) = l: (/Js - /Jn) Ljs• 
s= l 

ekh B7 e-Mr = e'Y J'C B't 1,<ZJ J,(ZJ ' eA-h B;,aJ e-M-c = e-Y J 'r B;,aJ '

(3. 10) 

(3. 1 1) 

(3. 1 2) 

(3 . 13) 

it follows that it is possible to express the coefficient (3 . 1 1 ) through the retarded Gre­en's function by integrating over -r 
A W fo LJs = - ( _ ) . eet  dt (( B;�J B1 + 1 a1 I Hs (t))) -'YJ 'YJ+ 1 -oo 

A W* o 
- -

( 
---

) f es t  dt ( (BJ+ia1 BJaJ J Hs (t))) -
. 'YJ - 'YJ + 1 - oo  

A W fo 
- ( _ ) 

ee i  dt ( (Bt-1.aJ- l BJaJ-l I Hs (t))) -
'YJ 'YJ- 1  -oo 

A W* o 
- -( ---) f ee t dt ( (Bia1_ 1 B1 - 1a 1 _ 1 I Hs (t)) ), 'YJ - Y1- 1 - oo 

where the Green's function is 
< <A (t) I B (t')> > = e (t 

i� r'
) < [A (t), B (t')]> .
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Retaining only those Green's functions containing correlators, the kinetical coeffi­cients may be written as 

fl.2 1 w1 2 o 
- ' Ii ( 

) f er t dt [((Bl+ia1 BJaJ I B!i, (t) B,+la, (t))) -
1 'YJ - 'YJ+ 1 -oo 

fl.2 1 w1 2  o 
+ . Ii ( 

) f es t dt [ ((Bl-1 ai- i BJaJ- t B:+ia, (t) B8a11 (t))) -
1 'YJ - 'YJ- 1  -oo 

(3.16) 
Approximating the Green's function an substituting it by correlators averaged overthe solitonic states l'I' ), from (2.7) one can find the contributions that Davydov'ssolitons give to kinetical coefficients (3. 16) 

fl.2 1 w1 2 o 
LJJ = . Ii ( _ ) f es t  dt [ ((Bl,1 BJ+ 1a1 I B/+1a1 (t) �JaJ (t))) ] -

1 'YJ 'YJ+ 1 -oo 

/l.2 I Wl 2 o 
- . Ii ( ) f eet dt [((BA1a1 Bia1 I BJ;,1 (t) BJ+ laJ (t)))] -

1 'YJ - 'YJ+ l  -oo 

fl.2 I w1 2 o 
+ . Ii ( 

) f eet dt <(B/a1_ 1 B1- 1a1_ 1 I B/_101_ 1 (t
)

BJaJ- t  (t))), (3. 17)
1 'YJ - 'YJ- 1  -oo 

so that the Green's function is 

68 

«Bla1 BJ+ laJ ' Bl+ia/t) BJaJ (t)» = 

8 (-t) = i /j < [BlaJ BJ + 1a1> Bl+1a1 (t) B1a, (t)]). (3. 1 8)
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( (BJ:J BJ + taJ I BT+laJ (t) BJaJ (t)) )  = 
e <-i) + + = 

i Ji 
[ (B;aJ BJaJ) - (B;+taJ BJ + laJ ) ],

(BJ;,1 BJaJ) = Sp(ip,,) (BJ;,1 B}aJ (!) = :E (V'v I BJ;,1 BJaJ (! I tp,) =

(3 . 19) 

(3�20) 

(3.23) 

(3.24) 

In this way the diagonal matrix element is 

L 
- - 2 a2 1 w1 2 

J
o 

ear c1t C l<P. 1 2 - Im 1 21 -'JJ - l.2 ( ) }OJ TJ+ laJ n 'YJ - YJ+ 1 -co 

2 a2 1 w 1 2 o 
- /j2 ( ) 

f eat dt [ l 'PJaJ-1 I 2 - l 'P1 - 1a1-1 I 2], (3.25) 
YJ - Y1 - 1  - co  

that is  for s = j + l 
a2 1 w1 2 o 

LJJ + 1 = - . Ii 
( ) 

f eet dt ( (Bt,1 BJ + laJ j B/+tai (t) BJaJ (t))) + 
t Y1 - YJ + 1 -co 
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and for s = j - l 
6. 2 I WI 2 0 . + . , + LJJ- 1 = . Ii ( ) f e8t dt ( ( B;-laJ-t BJaJ- l I B;a,_ 1 (t) BJ- laJ- l  (t))) -· 1 YJ - Y1- 1 -oo 

6.2 1w1 2 o - . Ii ( ) f est dt (< BiaJ- t BJ- laJ - t  IB/-taJ-l (t) BJaJ- • (t))). (3.27)1 YJ - YJ- 1 -oo . ,. · . 

That is 
(3.26a) 
(3.27a) 

There is no oJJer coefficients. Hence the average current is 
<H1} = LJJ- 1 (P1- 1 - Pn) + LJJ (iJ1 - /Jn) + LJJ+ t (f1J+ 1 - Pn) (j = 1, 2 · · · n)

(3.28) For n = 2 

For n = 3 
(Hi ) = Lu (/11  t-- /12), 

<H2> = -:<iI1 >. 
(H1 ) = Lu lP1 - P3) + L12 (/12 - {13),
(H2) = L2 1 (/11 -- {13) + L22 (P2 - P3), 

(H3) = L32 (P2 - Ph, 

(3.29a) 

(3.29b) 
According to the relaxation theory the average current in the j-th molecular chaincan be transformetl in the following way3> 

The expression for (HJ)q can be derived and expressed through solitonic currents (it means by 9miting the inqex j in the first approximation)
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= a 1: 1: 1: <11 1 u; Ct) e,,11 C/J) u, (t) I 11) cp, Ct) '/Jg (t) x
n " fg 

a 
a{J <H>q = -.6.2 1: � <.,, I u; (t) eph (/J) ug (t) I -v) x 

n Jg• 

(3.3 1) 

+ 
X (0 I Br B: Bn B; BJ e-/JA B/Br, B; I 0) <pgJf . (3.32) 

We have neglected the term 

:P <., I u; (t) I! .. (JJ) u, (t) I v >, 
as a smaller order term 

a e -{JA 

ap <H)q = -A2 
� (-v I u; (t) f!ph ({J) Ug (t) I 'P) I 'Po I 2 

Q . (3.32a)

Since 
Q = l: (-v I u; (t) e,,11 ({J) Uo (t) I "> e-flA I <J'g l 2, 

p 

(3.32b) 

one has 

(3.33) 

The system (3.28) gives us the possibility to find the temperature dependence as a 
function of time of individual molecular chains being in contact with each other� 
For n = 2 one has 

- A2 d!1 - Lu (/11 - /12),
1 

-.6.2 �2 = L21  (/11 - /12). 

Since L1 1  = -L2 1 one has

FIZIKA 19 (1987) 1, 61-'18

/11 + /J2 = const = A,
} /11 = A - /12· 

(3.34) 
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A is determined from initial conditions. In this way the first equation from the sys­tem (3.34) can be determined by substituting (3.35) in (3.34) 

-A2 dPi = Lu (2 P1 - A). 
dt 

According to (3.25) and (3.24) it follows that 

Since 
o 00 a R 1 J ea t dt I 'Pa (t) l 2  = f e-at dt -o - =

-oo o 2 eh 2 a (xa - x0 + 'Vt)
a R0 1 = -2- -- 1 (1  - th a (xa - x0)).a v  

(3.35a)

(3.37) 

We assume that the effect caused by the soliton is substantial when the argument issmall i. e., when a (xa - x0) ( ( 1 that is th a (xa - x0) � a (x0 - x0). 
If one takes into account that according to the Davydov's calculation 5>, the de­pendence of the coefficient a on temperature is linear 

a ( 8) � a0 (1 - D 8) (3.38) 
one can write the differential equation for the inverse temperature in the f 01 m :  
('YJ = APJ) 

where 
K = 'V2 - 'V1 _ ao(Xa - Xo) + aoCYa - Yo),

'V1 'V2 'Vi f.12 
(3.40) 

that can be solved separating the variables and introducing the following notations 
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dp 1 = M P: - 1/ P 1 - E
dt P: - A  P1 ' 

(3.41) 

(3.42) 

P, (t) + U1 1n (P, - i + V� H) + u, 1n (p, - ·f - V� H) =

= M t +  const, (3.43) 

(3.44) 

(3.45) 

In the case when solitons are located just in the contact point Li = 0, L2 = 0;that gives the solution for 
Pi (t) = M0t + const, (3.46)

/J1 (0) = const is the value of P1 (t) for t = 0. Or ifwe are!interested for the evo­lution of temperature in the chain 1 then in the basic (3 .46) we have 

(3.47) 
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which decreases or increases from initial valu� in dependence from difference of 
the velocity solitons in the chains which contact. While e2 for the same case is 

(3.48) 

In the case n = 3 we have the following system of differential equations 

-Ll.2 d:./ ' L, . •  (P, - P,) + L, ,2 CP2 -P,),

(3.49) 
Since 

(3.49a) 
and having in view (3.49) it follows that 

(3.50) 
On the other side considering �e expressions (3.49a) we have 

- A2 dfe2 
� -L1.1 (2 P1 + P2 - A) + L2,2 (2 /12 + P1 - ·A). (3.51)

If we denote 

74 

2 A  1 w1 2

(/11 -
/12) li2 

0 
f ea t  dt f l<J?1. (a1) I 2 - l'P2 (a1) I 2], ·

-oo 

L2.2 = - -
c
-/-2 

A ______ I ;-3-l �--e2=- J� eet dt f l'P2 (a2) l 2 - l'PJ (a2) I 21 -
2 A 1 w1 2

C/12 - P1) li2 
·o 

f eat dt [ l'P2 (a1) I 2 - l'P1 (a1) I 21, (3.52)
-oo 
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than it follows 

(3.53) 

where 
(3.53a) 

For that 

(3.S lb) 

Respectively, after a short calculation from the same approximation as in the case
n = 2 we obtain 

where 

d/J2 L1 · 2 L2 L3 :--d . = M2.3 - M1 .2 - -
p 

+ -:--
p

. - A p ·/J , · t . ' 1· · 2 ' -, 1 - 2 

Ro I Wl 2 a0 D 
L1 = A fi2 � (Xa1 - Xo),

Ro I WI 2 ao D ( ) L3 = A fi2 V3 Za2 - Zo ,

(3 .54a) 

(3.54b)

This is a system of nonlinear differential equations which can be solved only forsome special physical hypothesis and conditions. 
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And, more generally, having in view the temperature dependence of solitonicparameters, one can see, that for any number n it is only possible to get nonlineardifferential equations. But since the solitonic parameters are only weakly dependent on temperature (D is small) we can admit that terms such as L and M in (3.54) 
remain constant in kinetical processes. So from (3.9a) it follows that : 

and 

So, the relevant kinetic coefficients may be written as : 

L _ _ AJ- 1,J (a1- 1) 'J,J+ t - P. p 'J - J- 1 

AJ,J- 1  (aJ-1) 
/JJ - /JJ-1 ' 

(3.57) 

so that the average current in the j-th chain, according to the formula (3.49), is 
(3.58) 

From (3.33) 

it follows 
(3.59) 

respectively. After integration over time (a1 = a, aJ- t = b)

d /JJ Ro I Wj 2 [ 1 (l th ( o)) 1 ( r ... a o ) -d = li.2 A - - aJ xj - xJ - -- 1 - th aJ+ t VJ+i - y1J ) +t 'VJ VJ+ t 

+ _!_ (1 - th aJ (� - xJ)) - -1- (I - th aJ- 1  C�-1 - zm] . (3.60) VJ VJ-1  
76 FIZIKA 19 (1987) 1, 61-78
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From the last formula we can see that for the soliton mechanism of transmission, the participation of the solitons distant from contacts a and b is insignificant for the energy transport and which is therefore vanishing in this case. 
If 

we hawe 

th aJ (xj - x�) = 0, 
th aJ+ 1 6';+1 - yJ) = �' th aJ- l (zJ_1 - zJ) = 0,

d {J J W2 R0 [ 1 1 1 1 ] - = -2 - - - - - - + - (1 - th aJ (� - x!)) ,dt n A 'DJ v1+ 1 'DJ- 1 vJ 'J 1 
d /JJ = w: Ro (_!__ [2 _ th aJ (x� _ xj)] _ 'DJ+ 1  + 'DJ- 1 },dt n a vJ 'DJ+ 1  vi- 1 

4. Conclussion 

(3.61) 

(3.62) 

In the absence of soliton mechanism in transport processes, when only collec­tive (excitonic) excitations are present, from the structure of the kinetic coefficient (6.5) in the Ref. 6 one has 

where 
Contrary to the case of the solitonk mechanism, from ( 4. 1) it follows that in thecase of the presence of collective excitations, special conditions of locality does not exsist and so the kinetical coefficient ( 4.1) can not be neglected. In other words, the system of chains in contact which would be on different temperatures would not be able to transmit the information, because it would be energeticaly instable. In spite of the exsisting contacts,· the solitonic transmission mechanism is able to secure the transmission of informations along the chain. The participation of collective excitations is fatal for this transmi�ion since such excitations are able to transfer the energy from chain to chain and to average the temperature throught the system and to introduce the entropy. The locality secures that one has almost always 1 - th aJ (xj - xJ) = 0, 
FIZIKA 19 (1987) 1, 61-78 
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because it would be a rare occurrence to find a soliton very often near the contact. The e,cpression (3.60) consists of two terms per soliton. Only one can give its con­tribution at a time owing to .the soliton locality. This is the reason for the small value of the kinetical coefficient and for the possibility of the transmission of infor­mation along the molecular chain. 
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