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MEZRFREFREREX—REBEAH, ROLM: DREELERBREGE
BREEHIERERL) O XRNFEHRHLE YRS RORERRED R LW
REHRNFZEERARY; D ERRBRENEF AR h#EF ¥ P H Landaw
HEERY, TERFEREATHEUTRPEREHRLESEE, X, RENREEANE
B, EXRNIERBHEBFERE?, (N TR PEREABPFEREDEESRIL
0. ARSCEEMER—RBERBR, E—FRIEXNREE, 02 (EEE— KK
EBREHL—F BROFE EE, AEERELERTREFNBNERARSHEER
L IRKIE,

= ERIFERE

1. Fokker-Planck HESHBFTHER

FESCERI3I, B A AERIBESE Maxwell FEIHEFRATEREFREEEM
SFR,BARA LSRR ZBRBEHHE NFTE, BB HESHK Langevin
HRHEK

%‘ = {—Clg:Xs(x) + ¢ X.(x)] — g, + 0g, + y} + F,(2)

= K(9:9:,) + F,(8), 1
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-‘fgz = {ClgXa(x) — @ X (x)] — ¢; — B4,} + F,(2)

= K;(q14,) + F,(e), @
¢, = xcos P, g, == xsin P, 3
oy fn xRy AR B EEBERE A L)X LRIE, ¢ 4B HAERTEA
BIRLAE; Xa(e) RO X.(x) 2BIRE QBRI BRI R ER AL, T #3) (passive)
M X (x) >0, &k (active) BEMBONE: X.(2) <0, 0XBRIE; CAHE
158, ELTEREFHNESERE; M BUAXBEASERFE ¢ X8, BER
FREYLN Fi(e) BE Markoff FERIKHE,

(Fi@®)=10, (i=1,2), )
(F;()Fi(#)) = 0,;6(s — v'), Q;i = Q8. 6))

FRE Langevin 5 (1),(2)MEX N A Fokker-Planck FEN

dP a 1 &
4P _ _ B repl 4+ L 9 p,
ds [2 dg; Kie) ] *5 Z Qu 8904

q=1(909), i,j=1,2, - (6
HEhEBAR K(qe) w(D, QORFIR, HBEET#AMER 0.(=00;) EX&
(91>9) X, NBFHITHMARE, XFEEAHEY T2 EF skE"™,
TEH2R XIS HEENS R, SHARZENEBRE K.(9) MFHAK 0, HE
WP HRBNRERG, UREKSKZHT Fokker-Planck J5REHI S,
EREEETER 9= (9,9) B g T RFR:
G = (&:91,6:9)> &1 ™1, & = —1, )
HA
i=z(y=1y), b= — o, (8>
AR, KG=1,2) H(DOAQOXNPHREFSEC UK X)) M X.(x) EREMKE
THREEARLE, ARREREREUINFHENEBRB K, ZOTHRFBEAEE
bl

D.(q) = % [Ki(q) + e.K(D)]s (9
J(q) = %[K.(q) — &Ki(D]. (10)
D, 51, WEKERWT:
@1'“_(6%.4'1)?1‘4'3’, @z=_(cxn+l)42; 11y
J, = —(de_e)qz’ Jz_«(cxd_e)qh (12)

B3cEk (3] BlA, (CX, + 1) /7, ARIE « (OTRBE, T (Cxy— )/, AL ow0%E
£, 7, K D BORELELRE, I J BN EAKIE, XBEFEIHE [5] &
D U, RS ER LSRR ¥ A B R BRIV
% Fokker-Planck FHRE(ONBHERBERUTER:
P(q,C,y) = Nexp{—¢(q,C,y)}, (13>
m Q:i, @ FJ; HEAKFHEAENTEREFAHY
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Q::(Q) 3181911(5)’ (14)

o= DO (DR 22, )= 4, (1)
QJ_ —_ -1y, 00k __ -

Z [34.- J;i 2 Q™M (Z aq’: 29, ) 0. (16)

BT Qu=205;, B Qi SEEI IR, BHREOORXITARESREG RN, &
H5DXRREREN

A, = 207 (CX(x) + 1)g, — y] = g—‘;’ (153)
1

A, = 207(CX (%) + 1)g, = %‘ﬁ. (15b)

9
(152),(15b) REBRARE R & TREIRK G |
O L 04 gepp g O®) L D) (o S ), (15¢)

89, 0q 1 0g, 09,
B, (150)RFE (152),(15b) N hBEEBRILW. FAEA
oy&(x) axd(") 17
9 B4, -4 dq, . an
Z®|3 (1D,(12) fn (17) ERAR, RAEBOO)RFFIEROKHES
(CXg—8)g, =0 Bl X, —06 =0, (16a)

TE, BOMQOIXNFTHRNERAREHRAR FEFRBENTELETREBHEE S A
GREERT % oA, ZR—THMAEBHER. BRABRZ—FTHLE, &
H2BARK A BOFH.

2. BANFH BEXRA(B EHEH)

RHEOD(D(BDAFRERS AREE, 2R E R BHRE, BE0K
Rue R

d

(Fi(D)y=10), E"—" = Ki(g1,9), i = 1,2, (18)

XESHE(),(DREAZLREETHER o A o NEMAEIEROTS. 3R
HEQ), REFL,Y Xy =0=0, —HMEAL ¢ =0, Bl g, = rsing = Ogéﬁz’fﬁlﬁ]ﬁﬂ‘

AR, RBREELABPNELT, #ﬁ’ﬁi%%ﬁiﬁ& ¢ =0, TR, HTE(BLKIZH

(1,(2)M (152) 1ERX]

9T e (I () + 112~ 9} = —
de

—é, (¢ = 28/0). (19)

1 (19) RIS 6—5 B x A TR C BR, F AT LS RE Gibbs B

R RITHK G ﬁb ‘?E Gibbs HHIfE’ ]
G=U— 85— ys, 0)

R
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f=0—CS§, 1)
IR F 25 % (Helmoholtz) EImgE’ , MM S S5Wite U HBERY
S — X X (x)dx, 2
A~ xl ~ xZ R '
U"'{(EJZ U‘=]{‘2“, k==t ). (23)

CHRTIES PR RERE EEHHEONDPRABEHON AR, FETR5IAR
¥ H,

B=U —ya, (24)
%’f‘ -0 BRERKEABEIE
9G _ g sy = [CH(x) + 111, (25)

Ox
R ARG g—f =0, BATELTEER IS ERRGLS B LER:

dG = —8dC — zdy, (26)

dU = CdS + ydx, Q7
dF = —38dC + ydx, (28)
dH = CdS — xdy, (29

(R mE T A S BRFGQ), @)RFRIREEE « RN, (27) RIERE
HEMR MRS B ML AR, IHTAETHERE gf - 0,(26)—(Q29)RMK

FHWEBEGEN., HAEERESFHORARE + RREXTAREFOHRBEM -,
TEBATRECEE)NE FHRENT «, (r. A XEXT 7). GHEZ, ESTEE
FEmEZ28, URTEENE—HARSTLLREE., XRREEEKAGDH
BASRE, FUPETATYELR, EEXAAUTFHEERDERNPETRE—Ty
12,

WG R R R, BT GBI IR, R S RN U %A
(22)Fi(23), BZHEHFBUDBRK

i .05  ab <a§> |
at Ox ox Y Bx /y.c’ (30)

—AMHHEFRRREESERETEXR, AODARERI N TERERIIZEN
Na:0k5- SR ipag it

yxds = d(-z"f> 201 4 CXu(2) ] (f)d:. 31

B, HHERERY: 4 d WEANASS Y BEAERID yeds ST BN T PR
FROEGIE /2 bk ¢ (LR SRR ERNOE RGRERBIAR)
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2[1+CX, ()] (f) dr Z A,

TEEE—FMTXETRGOREE GEETEXR . BHEGOESHLELE

d: BHRINIG ARG dx, &
~ 3 dx dx ,
Al = cas—b—)d © + ydz, (7{ dx>o). (32)

W dx BRE ‘B y EATH B, WAEX ydx AHRINF ¥ HRERIER
il

oW = ydx, (33)
M CaS— () as MR RL WA (RN R |
80 = CdS — ('EI ) dx, ‘ 34
FREOGDOXERK ~ - ~
dU == 5Q + oW, (35)

HFigte: REmKNE U win o0 STRASERBUERE 60 TANRE ARG HBAR
Ih oW 2R, XERAERNFE—FROEERTERR). GDAXNER

5> [=-‘- (40 — avT/)], (36)
c l ¢

HbhEXMAERS IR EFBLHESNEHSLIE.TE, (36):'!:?%1&?%3?%73%%—%@ =1
50 = 0 (U = &), d§ >0, (37)
XiBAdESARN AR I8, BEERTHRX. bE%fg%#‘ﬂﬁﬂgﬂﬁiﬁmﬁﬂ—%

MASGHARE I EAEHE+ oHEEL

ERFHFFBCOEERANBEERNIZE_EBNS —MRBLR)

(48),.c [=(—g§)m dx] <o, (38)

GORKT, EAS T Y NEHSEC REFZWIEHELES B Gibbs Hifth G i
RIERRHEN, B KB ME—RERBE, FLLOOXERSTER THE?
FH#9 Gibbs H kG ¥4, ’

dG),r <0, (39)
HAR(38)R %% Gibbs EIfEXIIE. CHBERRQOH, BNET 5K RETER
* RN, WA U BB e EE (U = /21, XMEHRERBEIHESI B
iy, BLRER S F1 U SBWAMIIE B C R B,

§=3(x,C), U =0T(x,0C). (40)
XRE, BORAREFBOONERIHEFTBGOBEE. D EEERIEXRRD
BRI, HAGERHEEE, (QDRBBRAEEWEHMDEER.]

L.AEXBANFRBNLER

1) % (RE—K) BERAZEHRAB PHFEENRET, TLLEEERI%¥
HRTHAR—MERNEFER, AXFRUNEIHMEBRRENERNEER, LRE
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RARTBHDEH—FMEARR.

2) HERNBERERFEEIS SEERIEZ BN, R X BRI RE
ZABXE, HERENERSHEERAR, RARMEE. AELHNRESRSH
ERWBERNEEAR, Ao, 85588 c SEF THENK: BCANE TR, MTRE
SRS « 5 ¢ ABRBL LB © REEEE BRI ¢ BIEE SRR IERBRKS,U,
FHRGHE TE, 52 XBHNBRRNERBAFET BT L. B4R, mEBE
HEFBGOBRETBODN—FETBR, (HEGOHIMU £ B TURRA ML
WEEECH « EK. 1HE G0) EEERBRTFREGZNIEREERAL. B2
AEHNRESE (5,C,)) BEYHREN S, FHRE TEXNBER, WAKERT
E.

Z.ARRAREWATER
— R NFREG—FNA

L W R KR P2 TR

EHA TR FEENEYE, NF 4 B 1 RS C(ay) fikE, A%,
BHSBREGRE C. ULEW -y BRERUTEERIEPOEREE TH 5B
%, WFEE EEEET,—8 (B, SH) 0% G (Gibbs BEE)SEFH—H
CGBRDW G, BFELERHEE, iR HENNT— &8, & -y HBHREX &
ALRBIBLIHOA (0 =y.). TEE.EKEX Lo EEE G 11 G, 8%,

G.(3.,C) = Gi(y.,0). (41)

I B 2
Al BANERAZLTE. REIXNEEES, ARERELESR. KEIXZHE

I — A MEH TR R BRAMEBROKE. HR,—HRA Y ZFERINE
FHER (vr B y4), ERX(REZARL B RERE, RIOBRTIRXELW
A KWK, (BREDHE—LERSA XHASRE—SHEE, BAYELRETT
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I S ER SR L, B—RERFEUTRERADENIR R RRR. REXT
BOEERLZ, BHUNERR LAOWRIR, LhRERBED], NTFHRERBRE, X—LIE
FRRBELREER, SRR ZFTEX, BEEIEENENERSML, ELRE
REE R AN TP REE A8, % CREBIRMERE C., Ku M K, ¥EANHE
1 iR K R X RS — g L L IER A,

BRA R A AR R K ERERENRGER RSN, WU R E R RER
R_FAEE(ELMEAE)D, (M, Bonifacio 5 Lugiato £ AFERBRHAITER R (6,
TIH—ERARRETHS (passive) RETAEENRME“RALER (never exhibit)
ZHEE", BR,ZR—ANABELSTINENRINTUBENREE.

A ERANURERE—FAE T BE OENREEEE R, RaoPghhZEsd
#y Landau “ZRARETEID, HEXN ERAS Bonifacio 1 Lugiato HRMBEIAMA
KBE—FRiE.

2. REMEAT

WEHHEOFRERAEREESFTHIARTUENNR. TEREAR KL 5
K, BIE 1]

~

dy '_ PG\ g (i
(42),,= 0w (55), =0 6=k @
TRFEKY €= C. Bt »y HAMBALLE 1 R 21, SORRRAE (42) KPR
Esﬁﬁﬁ. '
4\ (26
(d'x’>x <6x3>x 0, (43
HAKER (dy/dz)e-x BRE 2 FrrORIBN, XA
d*y\ _ ('zg
(ﬁ)x <8x‘>x = 0. (44)

BR,LKA: C=C., r=1x, HHECOMCERERNCORYURBETE(25)H
B, (43R4 RN ER AR T

).~ (50)
=2 == =0 45
<dx2 - axj Ty ( )
Gl
‘~
(11_31) = <‘2£;> >0, (4 6)
dxs tazc 6x‘ .t‘s!:c

BB Gibbs BHEEHIEQG)REHSRERIN. BERHFIYMCARE,BHTH
ZNTEE, G v REELHSE «. HEGORNKHA
G(x) — G(x,) > 0. 47)

%8G B = == BRI As(—s — 5) tomgTanTes (22, -0
BRI | |

- ——

_ e — gy e
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2~
<63$ ),=, >0, (482)
-
(%‘g>,-, -0, (48b)
(%{’1)3_* >0, (48¢)

......

R4 RS | A (BN T — BT A4 (482) RELEBMIERBEE, AXT
ERFKIER S, (BG/0r7),_, =0, REH&KLE (48b) R (48c) RBRAME, #
s F 2 RIS K BV LIL(43)R(44) 1 (48b)F (48¢) X, B — B NIRRT JE .
B, WS 5 K R (24 28 SRR 7 LA Bk , B B I SRR ), T 6 o IR KO
M K, FI Ky RARRRE N — BRRRE.

3. #7689 Landau EEER

RRENRAENERARAEROFHERMA Landau HERER, KRE2]
B, R « — 2. H—TWFBE p, T v —y., X5 2 HENERING H,

PEx—xc’H'Hy_yop. (49\
RE y., REHA Y O—FEHRNSTE, EXEINERN
Yop = [1 + CX (2], . (50)
¥ Gibbs HHifk G ISR A KMHERIFRE ¢ B (BIE 4 WOWER,
e =S s =10 L -
G(x,y,C) Z Gty G= 1 [(ax) G]x“c, (n=0,1,2,3,4). (51)
GO = 5("5:3’36)9 Gl = [1 + an(xc) ]xc - y = _ﬁo (5.2)
BEMG I C=C, LEF,ER5)XF (dy/dx)e = 0, RHEILH
G2-=—;-at (a=1), 1=1-—C/C,, (53)
THE(45),(46)R, B A ,
Gs 3 (6x’),,m,c 0, G 41 (ax‘),,,° b/4 >0, 4

B, BIARATHI 2 B o9 — 70362 SRS R R K HHEME Gibbs Hpafl G iy Landau
HEERA

a—Go—-ITIp+-;—atpz+%bp4. (55)

B 5 0, 10 B SR TRy wigy H, fis WRSTE H SROEA. YA
HXIFRELE v = yops B H=0, (55) XBH

G=G, + —;— arp* + —‘1{ bp's (6)

XE P BT B RREAL.
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A%, Landau Bit(EHHER)ETEHRIITERIEN_SMEE, SHk
ERLERZEIB— A, HEN—BEREER, % Linda BiRRLKTRHHE
PEEERPHRIEE WAL, XASBHAEENRAZERAKN - KAT
ERAEYEE N, BEELKER, P, 4/ ERM SR 2B Josephson £y
SR , T LS4 BE I, ‘

4 E HER

FESCER [2b] W, iR TXAMAE, AWREARA Ginzburg-Landau A
ERALBERENRARGFLBIOKE 52, G-L BRHEIEYFiHERA Landau
HiLW—FEE, BRALENBALERAKEBHA Landau BRESR, BETLU
¥ G-L BBGBERTRENERENERIAR.

FESE P GHATE PR EY « 00 —#, BUT ARTR:

P = Nexp{—2G(»)/0}, (57)

Hih GO mMGORKER. EOORTLURE, % C<C, =0), FEROBS

% _0) & p %%,

op
p=0, 1 = 0) (58)
& p(®) REBBFSRE, T &§ ATHLREE., FRENKE 2p BEXN
Ap(E) = p(&) — p, = p(&), a1 p(&) = x(&) — =, 59

Hep x(§) HRBIBRE, H G-L KARBGOHARZERFA R KIHIER % Gibbs B
g1tk G e

&= G+ 1@ { artap(@®)r + [PER] + 2 tanend, (o)

B LARKNRE, HWBEL, ZRERIULTHL; d HE5BNBHKEERHZHE
BB L AT, NTREFRE,RBEY «(§) AHEER—MEEL, fln, ERIE

Esh sk, R |6Aa§_ ]smn@ﬁﬁxmﬁaﬁ p(E) = Ap(E) —RERBUNE, BTl
XEERE G-L MEFEROERE. 1% A HHKECTY Ap(E) # Fourier 2,

BB ORTE [Ap(E)]) fENEMBUNTN %, L GTIFREBRY Gauss 45
%>

P~ exp{-—Z ; <% at + g/{z) IApA,z/L‘Q} (61)
BRBEEDHEIEN Apl® BFEH
oy QLY /(L 2
oy =25 (Lo gp). (62)
sl |
im( | Apal?) ~ k7, (k= 22/2), (63)

(63) REAMKERLBR KK, Bk 1 REOER G ZTRHAL, MBIE KR (¢ = 0) B,
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k=00 — o) BAHPEHEEERH.
DAMERER T BEHE LA

r(l) =<ap(E + DAp(E). (64)
AR T'(1) % {|Aps|*) B Fourier 5,
) = (2z)"* j d°kRT (R)exp(ik + 1), T(k) = {|Apa|®. (65)

ERFRETRNIEETARARHRE, AMIBRLXMT R LK%, HEMK
B X ATDL 2B, FEXFE R T, RBE I E 4 = 1 EXEEEK r(). ¥ (62) RBUR(65)
Ay Tk &

L 1 4
r<1>=-9§;exp(— ‘X>’ A= (2glan)t, (30), (66)

Hih A BRSNS E TR EE, —BRY HERRE, BE K A
G=0) B, ABRERED.

5. ;R
WA EFEE 1 5 v 4Bl i TR e U
lim P(RY(=ClApa|™)) ~ k74, (67)
Aws g, (68)
xHR(63)F(66)R, W4l
=10, v=1/2, (69)
Wik, B8 "Ry EREXRI2IPEIAKR
a—O,ﬂ—-;—,a—3$u7’-l (70)

BRRAERBRENERIR, SRFEERZPI NSEBEANEERE—, FHRMaO
TH—ERERCRITRESEEE ). 4
T=Q2 =9, a+28r =2, a4+ (6 + 1) =2, (71)
YR, MEXENEFREHER (Landan Big)HE X FEEW® R,
Landau REXGS)ERBEENRETH., NGCHREBHEHE

—6-(;—0, bp* + atp — H =0, (72)
dp .

BB S RXHE , CFBOM H, (BB,

Romxla [5%, 8,-8, 58 -4, (73)

B R, IR M X — IR o,
Ayl = 1y, |~ (=0)2 =2, (74)

2
HNEEB—MEARXILGTORK]
@ = g3, , (75)
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HIARERI(TDRFTIRINTEL.
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D RETHEMBFHRBNERARETORERRERRAR, TUUAAFER
J1%Hy Landau HHEBISER, XE—FHHE L EBE LAY,

2) R RAEFSIRE, ZNERC KRR T .

3) 53—, Landau RARGHREWEERRETY, HEESIA—FFHERE
SRR ERER, Em7HOR75)RFTR.
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QUASI-THERMODYNAMIC MODEL OF THE DISSIPATIVE
SYSTEMS AND ITS APPLICATION TO PHASE
TRANSITIONS IN OPTICAL BISTABILITY

Ou Fa
Department of Applied Physics, South China University of Technology, Guangzhou 510641
(Received 10 June 1991)

ABSTRACT .

Taking the optical system as a prototype, this paper demonstrates that a quasi-thermodyna-
mic model for dissipative systems, satisfying the principle of detailed balance, may be develo-
ped, which is parallel to the traditional thermodynamics. The present systems are described by
the generalized dynamical equation of nonlinear optical cavities, introduced in previous work
of Ou Fa et al. In view of the quasi-thermodynamic model, the critical phenomena and phase
transitions in optical bistability are discussed systematically and generally. By taking the advan-
tage of Ginzburg-Landau’s model, the fluctuations and correlations near the (second kind of)
critical point of optical bistability are studied also. So the Landau’s theory of phase transitions
in equilibrium thermodynamics is generalized to the bistable dissipative systems far from equili~

brium.
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