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Generalized phase transition (GPT) refers to the transition process of material systems from one steady-state

to another. It includes equilibrium phase transition (EPT) and nonequilibrium phase transition (NPT), and phase

transitions intermediate between them. In this paper some results on the study of critical scaling relations of the NPT

and EPT are obtained. We developed the critical scaling theory of EPT and advanced a universal critical scaling theory

of GPT. The critical scaling relations(scaling laws) has more universality. The critical exponents calculated from our

theory are identical with the results of experiments and other theories about EPT and NPT systems. Because the basic

model of the theory does not depend on the concrete material system, it has a certain unversality. Its results thus

can be applied to generlized phase transition systems, such as the electrorheological fluid and magnetorheological fluid

systems.

PACC: 6460; 6470; 0565; 4660H

I. INTRODUCTION

Under the control of external conditions, a certain
self-organization orderly structure will appear spon-
taneously in some material systems with a certain
background state. The orderly stucture is the re-
sult of phase transition. According to different back-
ground states, the phase transitions can be classified
as equilibrium phase transition (EPT)(such as gas-
liquid phase transition and ferromagnetic phase tran-
sition),nonequilibrium phase transition (NPT)(such
as Benard thermal convection and laser phase tran-
sition) and synthetic phase transition(such as elec-
trorheological fluid and magnetorheological fluid)etc.
In a general sense,the phase transition process in fact
refers to the transition process of a system from one
steady state to another when some outer controlling
parameter R reaches a centain critical value R.. The
critical point is the link point of phase transitions, and
the critical phenomenon is the key of phase transition
problem.

The EPT critical phenomena have been studied
for a long time. Andrews discovered the EPT critical
point in 1860s, but it was not until 1940s that Landau
formulated the mean field theory of EPT critical phe-

nomena.He not only preliminarily described the phys-

ical picture of EPT but also calculated part of the
EPT critical exponents. In 1965, Widon!!! first put
forward the scaling idea,from which the EPT critical
scaling law and the relation formulas to fit the criti-
cal exponents could be derived. In 1966, Kadanoffi?!
succeeded in putting scaling idea into use in the Ising
model. On the basis of a large number of experimental
facts, he advanced the concept of critical universality
about EPT.[2'That is to say, all kinds of EPT systems
can be divided into a number of universal categories
according to their space dimensions and numbers of
inherent degrees of freedom. And for systems of the
same universal category, their critical exponents are
completely identical. In 1971,Wilson[! inspired by
the scaling idea,applied the method of renormalization
group to the EPT critical theory and gained an im-
portant breakthrough. They not only gave a correct
description of EPT critical phenomena and worked
out critical exponents precisely, but also proved the
correctness of the scaling law and the universality con-
cept. The critical theory of EPT has thus been tend-
ing to ripen on the basis of scaling idea and univer-
sality concept.

The study of NPT critical phenomena did not
start until the theories of dissipative structure 4 and

synergeticsl®! appeared in 1970’s. After a thorough res-
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earch, it was shown that although the background
states and features of the critical phenomena ac-
companying the NPT and EPT are totally differ-
ent, their critical behaviors may have many com-
mon features, such as critical moderation, correla-
tion divergence, sudden mutation of order, symme-
try breaking etc.~1% In addition,both NPT and
EPT can be scaled in the vicinity of their critical
points. Each of them has a corresponding scaling
law and a potential function that describes the back-
ground state of the system.[!!] The common features
of the two critical phenomena occur not accidentally.
There must be a common internal factor that controls
them.Universality categories also exists in NPT sys-
tems. Many examples show that for systems belong-
ing to the same category,no matter what substances
and variables they may consist of,and no matter how
different their apparent feature may be, their critical
behaviours are similar. This shows that when these
systems tend to the critical point their general char-
acter tends to dominate over their specific character.
So they have the same critical exponents. All of this
is very similar to the critical universality of EPT.['2
Based on the standardized model of NPT sys-
tem, we have inverstigated the critical scaling law
and universality of NPT, and discussed the factors
that must be considered when the NPT universality
cstegories were divided, and worked out the critical
exponents of three types of NPT.Compared with the
results of experiments and other theories, the results
we obtained are very satisfactory. Moreover, we also
approached and compared the relationship between
NPT and EPT critical phenomena from the aspects of
critical scaling law and universality. The result shows
that the equilibrium state can be regarded as a special
case of nonequllibrium steady state, thus the common

(13] 1p

nature of them are revealed to a certain extent.
addition, the studies of electrorheological and magne-
torheological fluid show that there are also some criti-
cal points in them. We call them synthetic phase tran-
sition (SPT)critical phenomena. Here we give a joint
name of EPT, NPT and SPT as generalized phase
transition(GPT).

In the following we shall introduce the universal
GPT standardized model we used to simulate and de-
scribe the critical activities of general nonequilibrium
steady state phase transition.On its basis,we have ap-
proached the critical scaling character of GPT and

derived a group of universal critical scaling relation-

ships of GPT. Five groups of critical exponents have
been calculated which coincide well with the exper-
imantal and theoretical results of EPT and NPT in
3-dimensional space,known at present.This shows the
rationality and correctness of our GPT standardized
model.Because theGPT standardized model does not
depend on the specific material system, it has high
degree of universality and is important in guiding the

study of SPT critical phenomena.

I. GPT STANDARDIZED MODEL AND ITS
DESCRIPTION IN CRITICAL AREA

Generally speaking, GPT refers to the transition
process of material systems from one steady state to
another. Its critical reference state is steady state
(including nonequilibrium stationary state and equi-
librium state.The equilibrium state can be regarded
as a special case of nonequilibrium stationary state).
For the normal GPT system, because of the existence
of dissipation, the reference state is restricted by the
principles of detailed balance, circulative balance and
dissipative balance. In the system, a great deal of
microscopic unit processes and unit actions mutually
compensate and counteracted each other, which guar-
antees the stability of the system’s macroscopic state.
The stability has to be preserved by consuming mate-
rial, energy, information or entropy from the outside.

In order to make the description reasonable
and research convenient the standardized method is
adopted here.['¥ This means that the whole GPT
system can be regarded as a construction consisting
of N, micro volume elements of unit cubes with the

same linear size e. The volume of every unit mi-

cro cube is AV, = e4.

Here, “d” is the space di-
mension of the system. The ith micro volume ele-
ment can be marked by its center position vector r;.
Suppose q1, 42, - - -

essary for the description of a certain nonequilibrium

,qn are the physical variables nec-

process of the system. They are functions of both
time ¢t and space @x.These physical variables can be
regarded as n components of the system state vector
g(z,t). Here, q is a random vector which changes as
the space and time changes.Under steady state condi-
tions, there must be a certain probability distribution
for these physical variables in the micro volume ele-
ment AV, : p(x,t) = {p;(,t), pa(x, 1), -, p,(2,)}.
So the ith micro volume element’s state in the time ¢
can be described by the average of the state vector g

(z,t) over space in the micro unit volume AV, |
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Thus the whole steady state system can be described

by a group of state configurations
{6:(ri, )i = 1,2, , N }. (2)

Different states of the system correspond to different
configurations.and the changes of the configuraion re-
flect the changes of the system state.

For the stable stationary-state system,as a result
of “flow” and “dissipation” there must be a certain
physical variable which is held constant in the ith
unit micro volume element,such as the kind of mate-
rial,energy, information etc.in unit volume (here called
Meon)-

variable with the same attribute is imported into the

At this moment,an amount of the physical

unit volume element in unit time from outside (here
called Mip;,). In order to prevent “heaping up”, a cor-
responding amount must be dissipated from the vol-
ume element (here called My;s). In order to maintain
the universality,we introduced two quantities (with-
out dimension) Mp (dissipation parameter)and Mt
(input parameter) to measure the dissipated inten-
sity and input intensity of the system at this mo-

ment.Their definitions are

_ Mcon + Mdis

_ Mcon + Mimp
MCOH B -

MCOH
(3)

According to the continuity principle, the stabil-

Mp and Mt

ity of the system requires Mgis = Mimp-Consequently,
the stationary state of the system is stable before the
system reachs the critical point, and one of the key

conditions of stability is
Mp = Mr. (4)

In a GPT system,the input quantity My, usu-
ally can be controlled by the outside conditons. So
the input parameter Mt usually acts as a controlling
function. During GPT,the change of Mt is contin-
uous and smooth. In the dissipative system, a sta-
tionary state corresponds to a dissipative pattern.For
a certain specific dissipative pattern, its dissipation
capability is limited.When the system tends to GPT

critical point,there is

Mp # Mry. (5)

At this moment the former dissipative pattern cannot
satisfy the requirement that the dissipation and in-
put must compensate perfectly so as to maintain the
condition of steady state.The “heaping up” formed
in the system makes the original state unstable. It
forces the unsteady system to seek another new dis-
sipative pattern in order to be steady again. At this
time, correlativity strengthens and all kinds of fluc-
tuations become extremely active, promoting the sys-
tem to step into a new dissipative state and restore
the relation Mp = Mr. The new dissipative pattern
maintains the new stability of the system.Thus,based
on the steady state,a system transfers from its old
state to a new one and thereby, a generalized phase
transition is accomplished.

When the system tends to the GPT critical point,
some of the variables {q;,q,,...,q,} become soft-
mode,with relaxing slowing-down, and form the or-
der parameter u. At this moment, other variables are
dominated by u. The evolution of the whole system
will be governed by the order parameter u. According
to the critical dominance principle and using the adi-
abatic elimination method in Synergetics,®! the local
order parameter equation of unit micro volume ele-
ment can be derived.'® The ith micro unit’s state
at this time can be described by its local order para-
menter u,(r;,t). And the state of the whole system
can be described by a group of local order parameter

configuration
{u;(ri,t)li =1,2,---, Ne}. (6)

The dissipative parameter Mp will also be dominated
by the u in the neighbohood of the critical point, and
we havel!4!

Mp o u¥. (7)

Here ¢ reflects the specific dissipative pattern of the
system.

Critical phenomena are large scale cooperation
phenomena in space, their universality shows that it
does not depend on the specific details of the model.
Thus, when the system tends to the critical point,
we can use the coarse-graining method, and have the
group local order parameter configuration instead of
the unit local order parameter configuration to de-

scribe the evolution of the whole system.!*?!

m. CRITICAL SCALINGABILITY OF GEN-
ERALIZED PHASE TRANSITION
In GPT systems, order parameter u is a random

varable. Its movement and variation obey the gener-
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alized Langevin equation

i_? — K(u)+g- F(0), ()

where K(u) is a nonlinear function, F(t) is a ran-
dom fluctuation force, and it possesses the following
property:[lﬁ]

<F(t) >=0, <F(t1)F(ty) >=Q(t; —ty). (9)

In formula (8), g is a function which has connection
with the quality of the random fluctuation force. For
systems with additive noise, g=1; for those with mul-
tiplicative noise, ¢ = g(u). Under the condition of
formula (9) there is the Fokker-Plank equation which
is corresponding to formula (8)

OP(u,t) 0 0?

— = %[K(u) - Qg g]P(u,t) + ngzp(u’ t).
(10)

The stationary solution of the formula, under nat-

ural boundary conditions, has the following structural
(17]

P(u) :Néexp [_é/l{;j‘)du}. (11)

form:

Here N is the normalized constant. It can be proved
that, for a stationary system, the local order param-
eter u always has a definite distribution P(u).[®! So
we can define a generalized random potential V(u)

corresponding to the stationary state.

TOE —%ln {Pz(\?)] . (12)

This generalized potential reflects the probability dis-
tribution and stability of the range of local order pa-
rameter values when the system is in a steady state.
For a normal GPT steady state system, because of
nonlinearity, nonhomogeneity and strong coupling,
V' (u) is usually a nonlinear function of the order pa-
rameter u and its gradient \yu. Considering a station-
ary system that is not only controlled by the parame-
ter R but also affected by outside field F, V (u) always

can be expressed in the following general form:*4

V(u, R, F) =f(u) + a(R)g(u)
+b(F)h(u) + I(vu).  (13)
Here f(u), g(u), h(u) and I(s7u)are all nonlinear func-

tion, and f(u) reflects the degree of critical degenera-

tion of the system, g(u) and h(u) reflect the coupling

intensities of the system with R and F, respectively,
and I(s7u) embodies the non-uniformity of the sys-
tem. In the space of (u,R,I*:')7 the point (0,R.,0)is
the critical point of V (u, R,F’). In general, the spe-
cific structure of the generalized random potential is
too complicated to be used to discuss a GPT process
directly. However,when a system tends to the critical
point, if we pay attention to the general character in
different GPT systems, and use the idea of synerget-
ics and catastrophe theory and the analytical mothod
of function as well as the topological transformation
of differentiation, we can get the critical asymptotic
form of the generalized potential V' (u) in the infinites-
imal vicinity of the critical point for a common GPT
system. In order to have universality, two reduced pa-
rameters, the reduced controlling parameter ¢ and the
reduced outside field F', are introduced,i.e.,

€= (R - Rc)/Rcv
F= F/(dimension of ﬁ') (14)

Then V can be simplified in the vicinity of the critical
13]

point, and takes the simple asymptotic form:!
V(u,e, F) =Bju® + Boe"uY
—+ Bgquz —+ B4(J VU)"" (15)

Here J is the generalized flow caused by system’s non-
uniformity generalized force (X = yu); By, B, Bs
and B, are constant coefficients for the corresponding
items; x reflects the degree of the critical degeneration
of the system; y and z respectively reflect the cou-
pling intensities of controlling parameters and outside-
fields; n and m are related with their corresponding
coupling methods; w reflects the non-uniformity of the
system. In the space of (u,¢, F'), the point (0,0,0) is
the (z—2) time degenerate critical point of the gener-
alized potential V (u,¢, F).

In the GPT standardized model, the space-time
correlation function of its local order parameters can

be defined as

G(’I’,t) = G(r17t17r2at2)
=< Su(ry, t))0u(ry, ty) > . (16)

Its physical singnificance is the extent of the connec-
tion and influence which the fluctuation of local order
parameter at time t; and placer r; produce to the
fluctuation of order parameter at time ¢, and place r,
in a certain local order parameter configuration. For
the smooth stochastic process in a system with the

unchangeability of translation, we have
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r= 7‘(')"1,')"2) =Ty =Ty

t=1t(t;,ty) = t, — ty. (17)

The Fouriers component of G(r,t) in d-dimensional

space may be defined as
Glk,t) = /der(r,t)eik"’,
G(r,t) = (2m)~¢ / UGk, t)e~* T (18)

Using formulas (8)—(11) and formulas (15)—(18), the
critical asymptotic form of G(k,t) in the infinitesimal

vicinity of the critical point can be derived as!'®!

Q¢ e—t/m

G(k7t) = 1 _l_é‘wkw

(19)
where Q' = Q/[2A4w(w — 1)U%~2], and the correl-
ative length £ and the correlative relaxation time 7

have the following forms:

£ = [Aw(w - U= 2/S]V,

7, =[S + Agw(w — 1)U“’_2kw]_l- (20)

Here U is the most probable value of u, that is, the
local order parmeter configuration when the system is

in a steady state, and S has the following form:

S =Ayz(z — 1)U 2 + Aye™y(y — 1)UY 2

+ A3F™2(z — 1)U 2, (21)
where A;(i = 1,2,3,4) are constants. Further analy-
sis shows that, before getting near the critical point,
¢ and 7, will keep finite. Formula (19) does not show
the singularities, and the whole system will keep its
stability as usual. But when the system comes near
the GPT critical point, namely when ¢ — 0, F — 0,
we will find U — 0. It will happen that

e—0,F—0

e—0,F—0
§ —— oo,

Telgso —— oc. (22)

1) u(order parameter),

4) G(k,t)(correlation function),

7) Mp(dissipative parameter), 8) X = (g_;)’
oV v

2) F(applied coupled field),

5) &(coherent length),

At this time, there are some singularities occurring in

G(k, 1),

e—0,F—0

G(k,t)|,_ g ——— oo. (23)

|k—>

It will cause unstability and “large fluctuation”
in the system, and the GPT will result.

In the GPT standardized model, the random gen-
eralized potential formula (14) and the space-time cor-
relation function (19) are two important functions re-
flecting the critical feature of GPT. It can be proved
that in the critical point vicinity of GPT can be scaled
with the aid of the properties of generalized homege-
neous function and the idea of critical scaling.!'318]
This means that in the infinitiesimal vicinity of GPT
critical point, the generalized potential V' and the
correlation function G are generalized homogeneous
functions of parameters and independent variables in

GPT,

V(bPe,b1F,bPJ) = bV (¢, F, J),

GNPk, AT, A"E N°T,) = AG(k, 8,6, 1,). (24)
It indicates that there really exist scalingable nature
in the field of GPT. So there must exist scaling laws
which correspond with the GPT system.

IV. CRITICAL EXPONENTS AND SCAL-
ING RELATIONS OF GPT SYSTEMS

Results of the research show that some physi-
cal quantities show strange properties when a system
In the theory of

phase transition, it is the best way to use critical ex-

comes near a GPT critical point.

ponents to describe the tendency of the critical be-
havior of the system.!'®! In GPT standardized model,
we introduce the following physical variables to show

the critical properties of the GPT system:

3) €e(reduced control parameter),

6) 7, (relaxation time),

., (25)
9)Y = (o),
12) E = (g—;).
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Table 1. Definition of GPT critical exponents: Q o< A® in D.

No. ce Q A inD

1 a C 1/|€l F=0,e—0
2 B u le| F=0,e—0
3 vy X 1/|€l F=0,e—>0
4 § F u e=0,F—>0
5 A Y 1/F e=0,F >0
6 1 B le| F=0,e—0
7 o E F e=0,F—0
8 0 M 1/|e F=0,e—0
9 v I3 1/|el F=0,e—0
10 p ¢ 1/F e=0,F =0
11 n G(k,t)k? k F=0,e—0
12 T T, 1/|e F=0,e—0

ce:critical exponent.

Using the same method as in the equilibrium
phase transition critical theory, we define a set of GPT
critical exponents to describe and show the tendency
of critical change of these physical quantities in a GPT
system. They are listed in Table 1.

According to the critical scalingable properties of
GPT systems, using the scaling transform comparison
method and the scaling dimension analysis method,

we get the scaling parameter expressions of these crit-

Table 2. Expressions of GPT critical exponents.

Exponent Expression Factors concerned
nT
a 2-.5 z,y,n
n
/8 Tz—y x’ y7n
n(z—z—m)
i m(zf’y) Z,Y,z,n,m
é —z z,2z,m
m
A m(z—y—n)
n(z—z) T,Y,z,n,m
ne—zr+y
H Ty T, z,m
o mz—z+tz z,z,m
r—z
om
0 =y z,Y, p,m
n(z—w—wzp)
v w(m*y) m’y7w’p7n
m(z—w—prw)
K T o(@—2) Ty Z2,W, Py M
2w
n Tmompas T2 -4 d,z,w,p
z—2
T ey T,Y,n

ical exponents in the vicinity of GPT critical point
from formulae (24),(25) and Table 1, as shown in Ta-
ble 2.131 Here d is the space dimension of the sys-
tem, and ¢ and p are parameter factors concerned
with the dissipation intensity and dissipation current
of the system. Eliminating factors, such as x,y, z, w,
of these expressions in Table 2, we obtain 8 indepen-
dent GPT critical scaling relationships with universal

significance. They are shown in Table 3.

Table 3. GPT critical scaling low.

No. Scaling relationships
1 MN+Dp+1)B+(1-8)f=2—a—mr
2 B(E—1) =~
3 yoA=86—~v—1
4 nOKé = mev
5 v(d+n—2)=28
6 AAS+ D(p—m+1)=A-m)é(a+1)
7 e(p+1)(a+1-—m)=A5+1)(1+1)(0 + 1)0 — mé(a +1)0
8 (7 = 2B)(mev + nb) = néb(a + 1)(v + B+ 2p + ap) — p(T — 20)

From Table 3, we can see that the critical scal-
ing laws of GPT are a family of functional relations
of the critical exponents that are related to the pa-
rameters,such as n,m, ¢ and p. According to various
concrete phase transition systems, it is possible that
there are different scaling relations because of differ-
ent parameters. Thus it can be seen that the critical
situation of GPT is more complicated than that of

EPT.

V. THEORETICAL VALUES OF GPT CRIT-
ICAL EXPONENTS AND THEIR COM-
PARISON WITH EXPERIMENTS

From Table 2, we can see that concrete values of
GPT critical exponents depend on the factors, such
So we can classify the
The

systems that have the same universal factors belong

as d,z,y,z, ¢, p, n,m etc.

GPT systems by {d,z,vy, z, ¢, p,n,m} factors.

to the same universal category. These GPT systems
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have the same critical activity, scaling relations, and
critical exponents. In order to compare the results
with those of known experiments, we calculated five

groups of critical exponent values corresponding to

five kinds of universal factors shown in Table 4 in
three-dimensional space. The calculated results are

shown in Table 5.

Table 4. Universal factors of five universal categories in GPT systems.

Critical universal factors of GPT systems

Category d T Yy z w © p n m
I 3 4 2 1 2 1 0 1 1

I 3 6 2 2 2 2 1/6 1 1

I 3 6 2 1 2 3 1/6 1 1

v 3 4 2 1 2 0 0 1 1
A% 3 6 1 2 2 0 0 3/2 4/5

Table 5. Theoretical values of critical exponents of GPT systems.
Critical exponents
Category «a B ¥ § A m o (% v K n T
I 0 1/2 1 3 1/3 1 1/3 1/2 1/2 1/3 1 1
I 1/2 1/4 3/4 4 3/4 1/2 1/2 1/2 1/4 1/4 1 1
m 1/2 1/4 1 5 3/5 1/2 1/5 3/4 1/4 1/5 1 1
v 0 1/2 1 3 1/3 1 1/3 0 1/2 1/3 1 1
\% 1/5 3/10 6/5 5 1/15 4/5 1/5 0 3/5 2/15 0 6/5

Through accurately measuring the NPT critical
exponents in Benard heat convection selforganization
phenomenon, some authors obtained: 8=1/2, v=1/2,

(201 According to the research of asingle-

v=1, 7=1.
mode one-photon laser system driven by the outside
coherent field, Giorgio and Scally[?!] obtained the crit-
ical exponents as: a=0, f=1/2, y=1, 6=3. Through
precise experiment, Corti and Giorgiol?? got two criti-
cal exponents in the single-mode one-photon laser sys-
tem driven by a coherent field, they are 5=1/2, v=1.
Besides, there are critical exponents a=0, =1/2,
v=1, 6=3, A=1/3, u=1, 6= 1/2 in Schologl phase
transition system of the chemical reaction.[*2! The re-
sults mentioned above are identified with the GPT
critical exponents of the universality category I in Ta-

ble 5.

exponents and show the same critical behaviors.

That is to say, they have the same critical

According to the result for the single-mode one-
photon laser system with saturable absorber, Wal-
graef et al. [3] claimed that there are critical expo-
nents a=1/2, f=1/4, in that kind of a NPT system.
Jianmin[?* studied single-mode one-photon travel-
ing wave laser system with saturable absorber, and
got the critical exponents as a=1/2, f=1/4, y=3/4,

d=4. In the single-mode one-photon standing wave
laser system with saturable absorber, there are also
the same critical exponents a=1/2, 8=1/4, v=3/4,
6=4.151 All these results are identical with the criti-
cal universality category II of Table 5.

In addition, in nonequilibrium systems such as
the laser phase transition, there also exists the criti-
cal point which is consistent with the universality cat-
egory Il of Table 5. It is found that its critical expo-
nents are a=1/2, f=1/4, y=1, §=>5.12]

For the EPT systems, according to the Landau
mean field theory, we have the EPT critical expo-
nents deduced in three-dimensional space as follows:
a=0, f=1/2, y=1, §=3, v=1/2, n=1, 7=1.2% For
the EPT systems such as the superfluid and super-
conductor, the experimental results are very close to
the values!'®:26] listed in Table 5. The results agrees
with the universality category IV.

Through rigorous expriment, it has been found
that there exist large differences between the theoret-
ical values of the mean field theory and the experi-
mental values of the EPT system such as liquid-gas,
ferromagetic and ferroelectic, binaryalloys and so on.

The spread of the actual values is as follows: [27]
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a=(0-1/5),8=(3/10-2/5),y = (6/5 - 7/5),
§=(4—5),u=(3/5-"7/10),n= (0—1/10). (26)

The results of higher degree calculation in the frame
work of renormalization group theory of critical phe-
nomena by Wilson are also in this range. These re-
sults are identified with the universality category V in
Table 5.

IV. DISCUSSIONS

The above-mentioned results claimed that the
critical scaling theory of GPT includes the informa-
tion of both EPT and NPT critical scaling theories.
Although the GPT standardized model is a simplified
solvable model, the results derived with this model
agree with the experimental results. Therefore, the
simple hypothesis of the model is rational, and re-
flects the universality of the model.

If equilibrium state is regarded as a limiting case
of nonequilibrium stationary state when its “flow”
and “dissipation” approach zero (zero-flow and zero-
dissipation limit), and taking the universal factors of
category IV in Table 4, we can get the following ex-

pressions from the GPT critical scaling laws:

a+26+v=2,
y=v(2-n),

a+p(6+1)=2,
a=2—dv. (27)

These results are just the critical scaling laws of
EPT.[19:20] S EPT and NPT critical scaling relation-
ships are all subgroups in GPT critical scaling rela-
tionships. Thus EPT and NPT critical universality
categories are the subsets of GPT critical universal-

ity categories. Through further research, we can see

that NPT and EPT have a unification nature in the
aspects of reference state, potential function, correla-
tion function, scalingablity, critical exponents, scaling
law, universality and so on. 1%

Because the GPT standardized model does not
depend on any specific material system and possess
a considerable universality, the analysis and results
based on this model are important for the study of
critical nature in SPT systems such as electromagne-
torheological fluid systems. Preliminary research has
shown that this kind of critical behavior of SPT sys-
tems conforms with the laws of GPT critical scaling
theory. Now, we are doing further research. Besides,
the critical exponent values of item V in Table 5 are
identical with the EPT critical exponents obtained in
real space by experiment. But why should the univer-
sal factors have the values of item V in Table 4?7 What
are the relations between the factors and the EPT crit-

ical point? Work along these lines is in progress.
ACKNOWLEDGMENTS

The authors are grateful to professor Z. Q. Huang,
Academician of the Chinese Academy of Sciences, pro-
fessor J. Y. Zhang of Northwest University, professor
Z. A. Guo of Dalian Railway college, professor L. J.
Kong of Guangxi Normal University, professor G. Sun
of Institute of Physics, Chinese Academy of Sciences,
All of the them fervently encouraged, abundantly ap-
proved, and greatly sustained the author to complete
the research and get a positive result. To complete
the reseach we get the help from Mr. R. R. Huang,
Chairman of Guizhou Physical Society, professor of
Guizhou University, and every member of Guizhou
Physical Society.

To all, our thanks!

REFERENCES

[1] B. Widom, J. Chem. Phys., 34(1965),3892.

[2] L. Kadanoff, Physics, 2(1966), 263; Nuovo Cimento,
44(1966),276.

[3] K. Wilson, Phys. Rev., B4(1971),3174.

[4] G. Nicolis, I.Prigogine, Self-Organization in Nonequilib-
rium Systems (J. Wiley, New York, 1977).

[5] H. Haken, Synergetics, An Introduction (Springer,Berlin,
1977).

[6] R. Graham, H.Haken, Z.Phys., 213(1968), 420; 237
(1970),31.

[7] J. Carlson, J.S. Langer, Phys. Rev., A40 (1989),647.

[8] S. Feder, J.Feder, Phys. Rev. Lett., 66 (1991),2669.

[9] M. S. Vieira et al., Phys. Rev., E47 (1993), 2221.

[10] S. H. Cai, China Learning Periodical Digest, 4(1998), 11.

[11] S. H. Cai, China Science and Technique Article Assembly,
5(1997),638.

[12] S. H. Cai, L. J. Dai et al.,, Progress in Physics, 19
(1999),270(in Chinese).

[13] S. H. Cai, L. J. Dai, Critical Scaling Theory of Equilib-
rium and Nonequilibrium Phase Transition (Sichuan Sci-
ence and Technology Publishing House, Chendu,1999) (in
Chinese).

[14] S. H. Cai, S. Z. Pen et al., Principle and Application of
Dissipative Structure and Nonequilibrium Phase Transi-
tion (Guizhou Science and Technology Publishing House,
Guiyang, 1998) (in Chinese).

[15] S. Z. Peng, S. H. Cai et al., Principle and Applica-
tion of Systematic Synergy and Selforganizative Pro-



458

Cai Shao-hong et al. Vol. 9

[16]
[17]
(18]
(19]

[20]

cess (Guizhou Science and Technology Publishing House,
Guiyang,1998)(in Chinese).

Z. Q. Huang, E. J. Ding, Transport Theory(Science Press,
Beijing, 1987)(in Chinese).

G. Hu, Random Power and Nonlinear System(Shanghai
Science Education Publishing House. Shanghai, 1994)(in
Chinese).

A.Hankey, H.E.Stanley, Phys. Rev., B6 (1972), 3515.
M.S.Key, Modern Theory of Critical Phenomena
(W.A.Benjamin, New York,1977).

L. Yu, B. L. Hao, Phase Transition and Critical Phenom-

ena(Science Press, Beijing,1984).

[21] V.D. Giorgio, M.O. Scally, Phys. Rev., A2 (1974), 1170.

[22] M. Gorti, V.D. Giorgio, Phys.Rev.Lett., 36 (1976),1173.

[23] D. Walgraef, P. Borekmans, G.Dewel, Z. Phys., 30 (1978),
437.

[24] L. Jianmin, Commun. Theor. Phys., 3 (1984), 405.

[25] L. Jianmin, Z. Phys., B57 (1984), 85.

[26] A. Z. Potashinskii, V. I. Pokrovskii, Fluctuation Theory
of Phase Transition (Pergamon Press, New York,1979).

[27] L.E. Reichl, A Modern Course in Statistical Physics (Uni-
versity of Texas Press, Austin,1980).



