On Fluctuations in Cooperative Phenomena

by
Akira TANIGUCHI* and Atsushi NAGAHAMA* *

(Recieved on October 18, 1971)

1. Introduction

Previously, in a series of papers, a group including one of the authers has
shown that almost all of the conventional theoretical results on fluctuations from
the steady state in a nuclear reactor can be obtained more generally by applying
Lax’s general theory? on the fluctuations from steady state to the fluctuation
problem in the number of neutrons in the reactor.??45

On the other hand, in general, most results in statistical mechanics has
related to the first moment in the sense of stochastic process and only a few is
concerned with the second moment, that is, the fluctuation problem. At present,
the interest in the fluctuation problem is rapidly growing in some fields including
nucleonics and electronics, in particular, with respect to phenomena involving
critical states in some sense.

Here, we consider the order-disorder transition in binary alloys and para-
magnetism-ferromagnetism transition in magnetic materials both being typical of
phase transition phenomena, by applying Lax’s procedure. Though, of course, the
famous treatments by Bragg-Williams®™ for the former and by Curie-Weiss®®
for the later are well known, their treatments are concerned only with the first
moment in the above sense. Application of Lax’s procedure brings about simul-
taneously not only the results in complete agreement with them in the first moment
but also the fluctuation behaviors in the second moment which they did not con-
sider.

According to Lax’s theory, when there is a set of discrete variables ¢ whose:
steady state values and their fluctuations are @y, and a, respectively, if the system
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has the Markoffian charactor, the distribution function P(a, t) of a at time t obeys
an equation of the form

Pla, t+4t) = 22 P(a, t) P(d | a, At) (1.1)
where, P(a’|a, At) is the probability of a transition from @’ to a in time Af. The
transition probability is assumed known and must obey the normalization and
initial conditions

S Pla |a, 4t) =1 (1.2)

«

P(a’|a, 0) = 3(a, @’) (1.3)

where 8(a, a’) =1 for a = a’ and O otherwise is a Kronecker delta function.

As a consequence, any moment of a—a’ taken with respect to P(d|a, At)
vanishes when Az—0. We assume that the first two moments are expandable in
powers of At therefore, for small Af

}; P | a, 4t) (a — a') = Aa’) 4t (1.4)
; P(a’ l’ a, 1) (a — ') (a — a’) = 2D(a’) 4t (1.5)
then, we obtain
KD~ ata0] (1.6
and,
WaleltD. _ 5 piayy + (Al + (aA(@) (1.7
where <...... > represents an ensamble average. Furthermore, if the system

can be handled by a quasi-linear treatment, we may write the form by substituting
a= a,+a to Egs. (1.6) and (1.7) and retaining only the non-vanishing terms of
lowest order,

Ala) = Ala,) — Ao (1.8)
D(a) = D(a,) = D (1.9)
The steady state values a, are determined

Ala) =0 (1.10)
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and therefore the first two moments as to o are

d{ey
= — Ay (1.11)
and
FED 9D — Ao — (aorat (1.12)

dt

where AT is the transpose of A. The steady state moments <oa> then can be
obtained by solving the equation

2D = Aoa) + {oodAT (1.13)

Especially, if the system has microscopic time reversibility from Onsager’s
relation

ooy AT = A {aa) (1.14)
then
(o) = A7'D = DA+ (1.15)

where A is the reciprocal matrix of A. For those problems in which the transi-
tion probability is itself expandable in Az

Pla'|a, 4t) = $(a, @’) (1 — Todt) + 1w, 4t (1.16)
we have
Al@) = 2 (a— a) w =~ Alay) — Aa — a,) (1.17)
and
mm:%;m—wm—wmw (1.18)

where w,,. is the transition probability per unit time from state a’ to state a
r,=>w,, (1.19)
<

is the total transition probability per unit time out of ¢. Then
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Ao = — X (@ — &) o (1.20)
and

1
D=, % (x— o) (x—a) (1.21)

are expressible directly in terms of the transition probabilities that describe our
stochastic process. Furthermore, substituting Eq. (1.16) to Eq. (1.1)

_?P<;> D) — Z w,Pla, t)—T.Ple 1)
= — %j T(a,a’) (a',t) (1.22)
where
T(a, a') = I'oila, @) — Wae (1.23)

The first term of the right-hand side in Eq. (1.22) represents the rate of
transitions from any a’ into @ and the second represents the total transitions out
of a.

In the casc of two states a and o', Eq. (1.22) can be written in the form

Aai(al'{)’ - w"uu’P(a/: t) - w(L’uP(a7 t) (1'24)

In order to apply Lax’s procedure to the fluctuations in the distribution func-
tions in which therc are n(a, 1) and n(d’, t) particles in states a and o at time ¢,
the rate of transitions per unit time w,, can be, in accordance with Lax, replaced

x(a’, a) = [1 + en(a’)] W, n(a) (1.25)

where, ¢ is 1, -1, or 0 depending on the statistics of the particle under considera-
tion.

One is tempted to make the terms on the right-hand side cancel in pairs by
detailed balance.

1 tenya) | 14eng(a’)

w",’,” n0<a) R l()ﬁ“i’{?p(a,) ( 1 . 2 6)

Thus, if the ratio of forward to reverse transition probabilities has the following
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functional relation

(%)
f(a’s a) = (@) (1.27)

then there is a steady state solution of the form

)

[Fen(a) = %@ (1.28)
or

ny(a) = [{2g(@)} ' — ¢] (1.28)

where the proportional constant A is determined by normalization. Even in the
nonequilibrium case, we can choose to define a quasi-Fermi level ¢ by means of

A = exp [pu/kT)] (1.29)
Under thermal equilibrium conditions,
g(@) = exp [~ E(a)/kT) (1.30)
and Eq. (1.28) yield the conventional equilibrium result

no(@) = [—etexp {[E(a)— ] [kT)] (1.31)

2. The Order-Disorder Transition' and The Fluctuations in
a Binary Alloy

We consider the fluctuations in the case of order-disorder transition in a
binary alloy consisting of only a simple cubic lattice. The order-disorder transi-
tion problem has been treated, for the first time, by Bragg-Williams, but, by
appling Lax’s method, we are able not only to obtain the same results, but also to
deal with the fluctuations that they did not consider.

First, we shall discuss only a special case that there are two kinds of atoms
A4 and B with an equal number and that the number of a-sites occupied by A4
atoms is equal to that of B-sites occupied by B atoms. Furthermore, we shall
follow the model established by Bragg-Williams and assume, in accordance with
them, that each of 4 atoms can occupy either a-site or fB-site having energies E («)
and E(R), respectively, their difference being V, that is, E (B) =E(a)+V.
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Now, if N, and N are the number of the A atoms and the B atoms, respec-
tively, and N is the total number of these atoms in the system, we have

N
N, +N,=N, N,=Ny=5 (2.1)

Further, if n(a) and n(pB) are the number of 4 atoms occupying the a-level and
the B-level, respectively, at time 7, we have

@ 1= n(§)=5 (@) 22)

Still further we define f, as the transition rate of one A atom from the a-level to
the B-level and f. as that from the B-site to the a-site. Since the number of the B
atoms on the a-sites are equal to the number of the A atoms on the f-sites and
vice versa, the system can be dealt only with the parameters n(a) and the posi-
tions to be occupied by the B atoms may be considered empty.

As a result, the probability p(a) that the a-level is occupied by one 4 atom
is written

p="n 23)

This coincides with the probability that a given B-site is occupied by the B atom.

On the other hand, the probability that one B-site is occupied by one A atom, in
other words, the probability ¢(«) that one «site is occupied by one A atom is

N[2—n(a)

This p(«) represents the random variable a in Lax’s formulation. If we write, in
accordance with Bragg-Williams,

pey=" 5 (24

where 0<p<1 and -1<s< 1, s is a parameter representing the long-range order.
Now, in order to obtain a better understanding, we shall picture the scheme
of what stated above.
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Spin Energy The number of atoms

- V3 Ea)=E(m) t2uyH n =N—p,
[ =N (1-p)
2l [ ‘

% E(n,)

n,=Np

Fig. 2.1

By using Eq. (1.25), the number of the 4 atoms per unit time from the
B-level to the a-level is

Similarly, that from the a-level to the B-level is
_[N/2— ”(@)ﬁ] , :
5 = Nt (2.5)

where the terms in either brackets
by an unlike atom or vacancy.
probability, we obtain

the probability that the forward level is occupied
Representing these cquations in terms of the

Mm@:ghU~M®PI
[ (2.6)

|
J

(8, @)= [,[p(a)]"

Then, from the combination of Egs.

(1.24) and (1.25), the rate of the increase
in the 4 atoms on the a-level is

,f"?;i@):x(a, B)— (8, ) (2.7)

Substituting Eq. (2.5) into this equation

i’; (t@ _ [N/?v 727;_@ ] fo n()— [ZY/_?;/;@_] f, n(a) (2.8)
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or in terms of the probability

APE) {1 — pla) P = hLpT (2.8

ide of Eq. (2.8)" to zero, we obtain the steady state

If we set the right-hand s

values as follows

0=R[1— pol@)]* =L@’ (2.9)

or
f5 po(a) i
L) 2.10
fi 1—po(@) ( )
where the suffix O presents the values in the steady state. From Egs. (2.9) and
(2.8)
1 NJ2
@) =————— and n(Q) =" i 2.11
=5y M MO VR (240

rmined.

Thus the values of the steady state are dete
dy state Eq. (1.28), we have

Further, from the condition of the stea

L CO N bl
NJ2— nifa) = Ag(a) or T p@) =g(a) (2.12)
and
,,f?q;}&@#, _—20(8) or ﬂl,jﬁi@;: 3
Ty D o g 219)
Combining Eq. (2.12) and (2.13), we obtain;
;g(a) — [f‘l(@ o i (2.14)

g(B) - l—‘f’u(a) .

By connecting this equation and Eq. (2.10), we have another form of Eq. (2.14)

g@ [ ple) T_ 12 .
o Liop@ ] R (2.14)

under thermal equilibrium conditions. From

Let us consider the potential energy
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Eq. (1.30)
g(a)=exp[—E(a)/kT]
g(B)=exp|—{E(a)+ V}/kT] } (2.15)
and then,
%-:EXP (VIET) (2.16)

where, according to Bragg-Williams, V =y, . By setting V /kT — x and using
Eq. (2.16), we obtain

pO(a) ]2 145,
— L = T L — 2/2
[ —pu() | =P VKD, m=e
and
z/2 __
SO::”T-J = tanh <%> = tanh <ka%) (2.17)

This result agrees with the discussion on the equilibrium state by Bragg-Williams.
We return to Eq. (2.8) again,

dp(a)__ 2 V]2
A 1 ] [p(e)]

Considering the deviation from the steady state, and substituting b= pot+Ap,
fo=f3+Af, and f, = fi4Afy, and if we ignore the higher terms than the second
order, we obtain

AL 11— 1 — 48] — 2001 — )+ 2200
+ [(1 - 1)0)24% —])(Z)Afll

Following the previous discussion, the first term of the right-hand side in this
€quation is equal to zero. And if we use

didp) _ dp

dt T

to obtain
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%:21‘27%;[1—'@’@5@" Xdp<m§>] &1

where ¢ is a relaxation time. Considering the relation f3/f0 = exp(Vo s/kT) and

the condition Eq. (2.14) in approximation, we obtain Eq. (2.18). Furthermore,
by using the following relation,

P :1;rY and -;}' =exp (Vs/kT)

1

the last term in Eq. (2.18) is evaluated in the form

ddp (m{‘j) =2 ((I,ILV < hrﬁ) - %Zl

By substituting this into Eq. (2.18), we obtain the expected result

§ ’1-, =2/ b [1 —_ ,,[,)&(Aljf po). ,QVO]

e 2 kT
145, 11—
_ops S ZRL T 9
2h 1—50[1 4KT } (2.19)

This result agrees with the discussion in the case of the non-equilibrium state by
Bragg-Williams: There is a temperature T, whereat the relaxation time ¢ becomes
an infinite at so = 0, and from Eq. (2.19)
r]< :WEYOi
© 4k
Thus the critical temperature 7', is determined, while the relaxation time ¢ be-
comes an infinite when 7 =T, and becomes an infinite on account of the effect
of 2 when T = 0. And it has only a finite value between them. In other words,
it takes a long time to establish the degree of order near T, which has a small
value of the degree of order in the equilibrium state, and for a small thermal
agitation in the low temperature, the establishment of the equilibrium state re-
quires a long time.
Next, we define P(n) as the probability that there are precisely n A-atoms
on the a-level in the system. In order to give a complete description of the sto-
chastic process, we shall put it as follows:

xa, B)=0(m)
x(Bs a)=D(n)
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then we can write an equation analogous to Eq. (1.22)

A4B(n) =D(n+1)P(n+ D+O0m—1)P(n— 1)

dt
— [D() +O(n)] P(n) (2.21)
and furthermore, this equation can be written in the form

a’P(n)_y -

2 = ;‘ T(n, n') P(n) (2.22)
where
T(n, n")=[D(n)+ O(n)]s, ., =D(@')8,, .\, —O0Wm")s,, (2.23)
By using the notation
()= 3 f(n') P(n’) (2.24)
we can multiply Eq. (2.22) by n and sum to obtain
dny _

T = —; [; nl'(n, n")] P(n')
:~ﬂ2’ [D(n")— O] P(n’)
=—<D(n)—O(n)) (2.25)

Taking into consideration the deviation from the equilibrium and using n’ = p,
+An’, we can linearize the equation

D(n")=D(n,) +D'(n,)dn’

O )=0(m)+0"(n)dn’ | (2.26)
; nl(n, n’) =D(n")— O(n’)
=D(10) = O (o) + [ D' () — O (ny)] dn’ (2.27)

By combining Eq. (2.25) and (2.27), and if 4 is regarded as the coefficient of
An’, we can obtain the form

Furthermore, it becomes

Vol. VII, No. 1~2, 1971 — 39 —




A. TanigUucHI and A. NAGAHAMA
5 (n=nf 70, n') == [0() + D(n')]
12 [D(n")—O(n")] (n—n) (2.29)

By substituting Eq (2.26), we obtain

— [O(no) + D(n0)] — [D(n,)+ O’ (no)] dn’
2 [Dng — O(n)] A’ 2D ()= O ()] (4 (2.30)

The second and the third terms of the right-hand side in this equation are
[{2D(ng)— D’ (n)} — {20(n)+ 0’ (n)}] 4n’
and using the approximation () D' (ny), O(ny)» 0" (1)
24w’ [D(n)—O(n)] =0

Then Eq. (2.30) becomes

;(n —n) T(n, n')y= — [O(n) + D(ny)|

1+ 2D’ (ny)— O’ (no)] (n' —n,)? (2.31)
and
) _ 4 oy = T () PO
(’P(n)

_Z(n——n) " Z(n——no) Z T(n, n') P(n') (2.32)

By combining Eq. (2.31) and (2.32), it can be written in the form

J<<J:L> ) ~ STy T, 1] P(n)
~— }_‘ [ —1{O(ny)+ D(ny)} +2 {D’(n,) —O'(n)} (n—n,)’ 1 P(n')
 [Ony) 4 D(n)] —2.1{(dn) (2.33)

The steady state fluctuations obtained by cetting Eq. (2.32) to zero is

O(ng)+ D).

{(dn)") =~ 51 (2.34)

Since O(n,) = D(n,) for the stcady state, by using Eq. (2.25), Eq. (2.34) becomes

D(n 0

{(dn)?) = (2.35)
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Now, let us evaluate each value in the above derived results in terms of the
probability. We can write O(n), D(n), in the form

O =g 1(1—py= S HO— {20 =) 1 -y et H

D("):g'hﬁ?:%[ﬁpg {2P0f1+170 A;)l } [7] [

First, the coefficient 4 of An is evaluated

A=D"(n))—O'(n,)
:%I"Zf?T-[i‘oﬁ[l p“(lz h) a%(ln_]{j«)J

This agrees with the previously derived result, that is:

A="p o — (2.37)

{(dnyy = L) _ p(l—po) [ p0<12 p) d ( %ﬂ

and from the result previously obtained, it becomes;
2 ~1__-£3_ “<1 CU) Q
(nyy == [1 - ] (2.38)
By using the relation An — (N/2)-ap = (N/4)-As, we obtain

<(As)>~—~ (1—s0)[1—~°i1“ “)] i ] (2.39)

T

Thus, 7 tends to infinity as IT—=T, so that, then, the fluctuations also tend to
infinity.  On the other hand, owing to the effect of ;% in low temperatures, we
have found that ¢ tends to infinity as 7—0. However it is important to notice the
fact that the fluctuations do not include the effect of 19, <o that the fluctuations
vanishe as 7—0.

By substituting T, == Vv, /4k for Eq. (2.39), we finally obtain the following
form
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Table 2.1
T/T. S, e
2.00 0 L0 (x1/N?)
1.90 ‘ 4.2
1.8 \ 4.5
1.70 4.9
1.60 5.3
1.50 6.0
1.40 7.0
1.30 8.7
1.20 12.0
1.10 | 92.0
1.08 | 21.0
1.06 L35.3
1.04 \ 52.0
1.00 0 | o
0.98 \ 0.25 \ 43.8
0.96 0.33 24.8
0.94 0.39 L17.4
0.92 0.45 | 12.0
0.90 0.50 9.0
0.85 0.61 4.
0.80 0.71 2.6
0.70 0.83 1.2
0.60 \ 0.90 0.6
0.50 0.95 0.2
0.40 0.98 0.1
<(48)" >
50(x1/N%)
10 mr—————
0.9
0.3 4
0.7
0.6 30
S, 0.5
0.4 20
0.3
0.2 10
0.1
0.0~5710Z 03 04 05 06 07 08 09 1.0 1.1 12 1.3 1.4 15 1.6 1.7 1.8 19 2.0
T/ Te
Fig. 2.2
— 42 — Proceedings of the Faculty

of Science, Tokal University



On fluctuations in cooperative phenomena

2 1 —s3
<(A‘§)2> = Nz T, (2.40)
-1 (1-3)

If we use the numerical values by Bragg-Williams, we are able to calculate the
fluctuations and to picture the graph as following:

3. The Fluctuations in the Magnetization of a Magnetic Material

We shall investigate the fluctuations in the magnetization of a magnetic mate-
rial by using the analogous discussion as shown in the preceeding section.

Now, let us consider the random arrangement of magnetic moments without
the dependency on the positions as presented in the case of the binary alloy, and
treat the magnetization and its fluctuations caused by the spins of angular momen-
tum +1/2 in a constant magnetic field H.

Each magnetic moment is disposed on either one of the two energy levels
which have energy E (ny) and E(n_), respectively and between which the energy
difference is 2ugH [y is the Bohr magneton and E(n_) is higher than E(n,)].
In addition, N = n, +n_ is the total number of the spins in the system, and n_, n_
are the populations of the lower and upper levels, respectively. Furthermore, f,
denotes the transition rate of one spin from the lower level to the higher one and
f. is defined for the Opposite transition. Since the transition of any spin on the
one level does not depend on the number of the spins on the other level, the
formulation as to the number of transition per unit time between the levels is some-
what different from the previous discussion. Thus we can picture the scheme of
what stated above, as follows:

Level Energy The number of A atoms
, B-level E(B)=E(a)tV n(g) ~Jna)
=8 (1-p)
14 1 L
L a —level E(a) n(a) :f;IZVp
Fig. 3.1
First, according to the assumption, we have
N=n,4+n_ (3.1)

And the magnetization is
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M:F‘B("+—7l~) (3.2)

By combining Eqg. (3.1) and (3.2), we obtain

1 "' M n.
|l = 3.3
2L psN N S
If we rewrite,
n, no_ M L+
N =p, N =1—p, N =s, and p= 5 (3.4)

then we can make these paramcters correspond to those in the case of the binary
alloy. Thus we are able to approach this problem according to the previous dis-
cussion.

Now,
o7l | (3.5)
x(ns n—):][z"—:f‘z(N"”Jr) f
and substituting this into Eq. (1.24), we obtain
an
dt+ :][z(N—n+>“f1"+ (3.6)

This equation means that the mean rate of increase in the spins on the lower level
is equal to the difference between the mean rates that the down spins change to up
and the up spins to down.

Furthermore, by using Eq. (1.30), we have

= 2g(n) =2 exp [ —E(u)/KT] | 5
- De
n =2g(n_)=2cxp [—{E(@® N 4+2p,H Y KT ]
And using the probability, it can be written in the form
n’, Do a(ny) . .
P Po SN —exp 2ppH KT 3.8
'IZ(L 1 ___po g(”_) exp ( J274 / ) ( )
On the other hand, from the steady state condition, we obtain
f2 n'y Do
2= = e 3.9
" n’. 1—py (3.9)
By connecting this and Eq. (3.8)
— 44 — Proceedings of the Faculty
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f2 st
— = =L 3.10
f(l’ exp(2x) where x T (3.10)

Then

po 145, o e —1

—_—r = = = = tanh x .
l—py  1—s, 2 T geyy —tanhx

Furthermore, we are able to rewrite in the form

My <’“‘B},1 > - tanh<~£fj%zMo> (3.11)

where the suffix 0 used here presents the steady state value. And we used H — 0

in the Weiss theory; i.e. H — H,+M.
Since tanh x = x for x <1, then Eq (3.11) becomes

N
My =Ny, At M, T,= Zluk - (3.12)

s

This result agrees with that of the usual Curie-Weiss’ approach.

Next, in order to obtain the relaxation time 7, if we represent Eq. (3.6) in
terms of the probability and consider the deviations from the equilibrium, we can
perform just the same procedure as the previous discussion.

dp _
"E —f2(1 _p)_flp

A 2 8y (= p— ) — 1) 2]

If we ignore the higher terms than the second order, we have

df o 4h)

A — g — ) H{ AR (1—p)

where, from the steady state condition, the first term of the right-hand side in this
equation vanishes. Then, the following results,

1 fi

=Tl [1 _p(,a—po)%(ln—;f)] (3.13)

When H, = 0, since
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dH
H:ZM:]/;BN(2[)— 1) 5 ’EF :ZZpBN

we obtain by the use of the relation f./f, = exp(2uzH/KT),

d [ N\ 2w dH 2
<1n fl,)_ KT dp  ATRT

Substituting this into Eq. (3.13), it becomes

71* _2fy [ Vzﬂlf ¥ _SO)‘J 3.14)
T 1——90

There is a critical temperature T, such that ¢ tends to infinity as s,—0, and it has
the form as shown previously;

N
= (3.15)

Furthermore, owing to the effect of 9, = tends to infinity as 7—0, again. Thus this
result completely agrees with the discussion in the binary alloy.

Now, we shall calculate the fluctuations in our case by using the discussion
after Eq. (2.20).

From Eq. (2.20), we can write O(n), D(n) in the form

Oy =0(n)+0"(n) In=N| (1 =)~ | n—(1—py) J/”Jp}

1
f (3.16)
T oo ( i \
DOy =Dl + D) dn=N] e ) ap | |
Then A can be evaluated immediately;
A=D'(n)— 0’ (n)= N[f°+f° (1= 7y +h jl
0
oy [ (1 — po) “ 111 J N. - (3.17)
1—170
and the fluctuation is
— 46 — Proceedings of the Faculty
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D —
<(An)2> ~ h(@)_ :_._K,M%Q.)‘T_
1=y (1=po ()]
° ° d[) . fl
1 1—s
=7 7. ) (3.18)
kT %
Furthermore, we can rewrite the above also in the form
2 2
CDPTSRSN el BN TUN C (3.19)
N AN TN -t
kT 0 T 0
that is, by Eq. (3.4)
1 (,u,;N 2
M
(4M)*y ~ 42, e (3.20)

Thus, once the correspondence (as shown in Eq. (3.4)) between the parameters
in the case of order-disorder transition and those in the case of magnetization is
established, the similar results as to the fluctuations are obtained, though it is
fiecessary to take into account the difference with respect to statistics between
Eq. (2.6) and Eq. (3.5).

Conclusion

Lax’s procedure, by its application to order-disorder transition and ferro-
magnetism-paramagnetism transition, results in naturally complete agreement with
the results by Bragg-Williams and Curie-Weiss in the first moment, and the fluctua-
tion behaviours, in paticular, in the vicinity of critical point, in the second moment
which are of important significance for phase transition phenomena.

These results assures that Lax’s theory may be exceedingly useful in the
theoretical approach to the phenomena such as those as treated in this paper.
That is, it is expected that, based upon more complicated models and elementary
processes, more facts already known can be treated in detail, simultaneously mak-
ing clear the mechanisms participating them. Further, the fluctuations accompany-
ing such mechanisms may be calculated in a comparatively feasible manner. Many
phenomena including critical states or threshold situations in which the fluctuations
may be exceedingly increased are to be treated by means of Lax’s procedure. For
example, the theoretical approach to order-disorder problem should be made in
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which other effects or mechanisms such as short range ordering effect or local
disordering by bombardment are included to obtain a more concrete picture cor-
responding to the actual situations in solids. Then, Lax’s procedure will be of
great use in that it brings about the kinetics equation (the first moment) as well as
the fluctuations (the second moment), as a resuit, the situation may be discussed
in a breader aspect. Based upon the results obtained here, the application of Lax’s
procedure to order-disorder problem in a more generalized form will be made in
the following paper.
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