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HUET o T=m e BnET.

FERRE L=
cf.

REBOBOER % L.P.Kadanoff ‘s scaling theory: 1_9_6_:—

K.Wilson's renormalization group theory: 1971

REG (LX®) Change of Research Theme

( Since ~ 1973 )
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TEHEEEDONEFIZA>TWEE L.

Japanese great traditions
in statistical mechanics

Aiming to create pioneering works

by courtesy of J.Miyazaki in the Nonlinear regime also
Should be explained in terms of “Top-down” movement in the early 1970s
X =F(X)+DV’X Headed by H.Mori, T.Matsubarag, ...

Neither statistical mechanics
nor thermodynamics needed
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Worz, FAEY—EY bTED b EOHROEEFICETHRY by FH T UHICEES N &
BT Y. EFIRRRL, LSARFEEERRE L TIRFEOHE GREAIC [FETEE
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el T
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1T, BATIIMHNACRERRBERHV £7. ARTEORHICEER, REO—MIILT T
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W, LD LIERRMLENH TS, 7272, OB (1970 £ROE) ETOR 2T, =
(CRTHER IS ORBELRICET 2 b0ROT, TOL bbREH LIRHESRE b —F
DIRFERA NZFZOZT Y VFINARBREFEZREL LD 05 OB OEEID motivation (2725 TV
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IFHRDR Dol Z LITEDRVEELLBNET. 2%V, RERNT 7o —FBABRMANR
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“Linear” statistical mechanics
vs.

. “"Wave of CHAOS"
"Non-Linear” statistical mechanics

Popularized since ~1976 (in Japan)

No room for deterministic approaches ? Many statistical physicists

Thermal fluctuations are basically rushed into CHAOS
irrelevant to self-organization phenomena .
on a macroscopic scale ‘ Determinism became

no longer regarded as exotic
Maybe this was admitted (reluctantly).

Still I presume there was something
psychological not accepting this fact.
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Fascination of Self-Organization

Statistical Mechanics Phenomena in nature

ﬂ ( fresh surprises even today )

Determinism
(about which Nonlinear Science is centered)

y \ to

Statistical Mechanics “Bifurcations, Nonequil. Phase Transitions”
in Dissipative dynamical systems

From
“Equilibrium phase transitions”

(in some different contexts)

[Slide 7] [Slide 8]

[Slide 7] £ 5WH DI T, HMEFHAE] LEV>OLR2EOFEARE L THRRERD ARSI NE
BT > T, ZO®RIERFERZLVI LORH B E—7 2L b} TF.

HRAWVWDIE, BREEEHRFAITEZ~DOERBRZLEVILDORH D Z & TT. FIUTITNA WA
ERHYETH, HIBERTHIANENMEELTND. ZOEED LEETZOTTR, 40
Tk 57, BEAFNLORER~OBITIBRET, ABD L3200 RBERHV ES. #iidh
ETHLIEIBASTHALLEY LBoTNEDTTR, WhpBIEEHRTO~ 7 a R REEER
%, HDOIVEIGERBLESTHRY, FITELIELEL V) bOIIHEBRE TOBRED
EDLIICEREHER LV OD. BLEREFEHERLUTH LVEFRE, HLVEBENRTELDT
R0, BOEEEDBALEZZHLETRVON. HEBOHHHEERoTVE LN, R
X0 FNIERICRZ20TYT. FOMBEXZ V7 LRTNTE VI ERIZIL Y E L. FIuleTss
EHERETORLEOBBETYT. ZhEERICEZNTVANARENEBEIZORNBEATELES D
T2, SRR BRI HE 5 (BAMNZERKR) BEORICH-T, TREHA LS
WHEFN—L g URTICEWDIT TS, BOLEOMEIHI THERSLL TEETVY
WCHEELTBTERVE., Z0OLTHRERERLHILEVIFHKTLE.

T L, 4—BEELEEMT, ZOFETEERREOKIHZL VI LOELI—EELALL
ZEZEEILWVWOIEGEDHDEBVET. 2OV URTOMEAIEDOEIEL VS Z R —2hY
£7.
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A4 FOZDRETRLUIZSIER T, ZHUIHRERZ TIS b DIERER SRS Lo
TERLIEEWVWI ZEERLTCWEDITTRISLT LR T, HFHEEREOHR S GESEEICE
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OENOEENTEND EVIHFORELHHDIT T, HEIIRIIV S HD LEOMELERICE 2
DREZEND DR 1970 FFRFID D lya Prigogine DE X TH Y, FRICEEBINEFDOE X T
bHVELE. HEBLHIERTHRFERBREZTIND, FOBKRTHEE =0T, JE
FERBIZN ESLICEBEREOHEBEREPH D L B3bhroTEE LE. LENRST, H%
RETMEE-TENRERD LD E, ZHITEHAEEZEATERNFRRERE BBLORRIZARS
SHE/ERTA. BRI RDOSHFTIIL B AAMEENEZRE L0 IE 0 AL E N TT
23, B CEBEBRBICRTT 2 B S T EEBOR I ERICEERE < OITERATY.

Back to 1973,4 Stochastic process of
Before proceeding fo the world of chemical reaction and diffusion
determinism, Consider e.g. an aqueous solution
there was one point to be made clear: of BZ reaction
Fluctuations Frequent elastic collisions
. . vs,
in non-equilibrium steady states Rare reactive collisions
(especially close to the bifurcation points L g

. . g . ocal equilibrium is almost complete
e.g. Hopf bifurcation, Turing instabilty, .. ) i.e. Vzlocify distribution: Ma:wellicm

Looks to contradict the unstable growth
of molecular concentration

%& Molecular number distribution: Poissonian
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NTEZELZ., BAIDIED DRATA RTRE— 2B RAE L Belousov-Zhabotinsky [Zits, &
DX RFISRITKER P ORIGT, FICHEBRIIFER CHECERAKEL RREES. TTHh
5, RISMESFREWVCERE L TRGEE ZTHEERER KRS, Th iV b2n o iE oK
DT LERTIER, TROLMIGCERORVEMEEROBRRITIIDNITE . BHEEZEN AR
BI720> b RIT AR BIZIEF TRV, FEEEROMAD L H IZEZ LN TWAE BZRGR L ZEDE
RTIEBEEFIZZEWVWV R T ATY. BESMITT L A CEREIC Maxwellian 721, KIEHED
DDA, HHERBIEEN D5 FEITITIE Poissonian 12 L7228 > TWAIXTTT. LaL,
Poissonian 72 HIREIIFZRICEE TIERVA. SEITEARRBE L2V TIERVWA. £ 2 IS i
FERDDEITELTZDITTY. 20 (ANTD) FEIXE IR THRTE S0 E W) MER
DTED, Tkt LT llya Prigogine B3 & 2B RE L E Lz, BEEXZOHBIIIMETE
FRATLED, TOZLEIREKERDOLEILE-TOTHSHITRERA. TpLA, Prigogine
NORENT-Z B2 ZZTHRLUETZN.

At Net distance covered
over the “lifetime” of a molecule

( macroscopic scale )
Inspired by I.Prigogine’'s comment

at Statphys 11 ,Chicago, 1971 I, : Inter-molecular distance
(Proceedings: ed. S.A.Rice et al. 1972) Poissonian holds
Iy<<L<< A @ in this domain
A

Non-poissonian for a larger domain

No contradiction with anomalous fluctuations
of concentration near instability
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Poissonian iZ72 > T3, WO bIFTY. HEALEFTAVTHET R LERZI RV ET. e
bAZBIDEIBRKRERER, TOVIEBNTHOFEONFAER B L, —%IZ Poissonian 7>
5TND. REEMNREZ B L A TRENPEBIHIZT, VbR RLETDOREEFE LRV
RiZ20 E9.

Any physics in X = F(X)+DV?X ?
Comparison with equil. phase transition
Yes, a plenty of statistical physics there.

<1Xq 2> <|Xq > A . e epe “ | bility" Id
t | bifurcation b phase transition S«gr'uflcance of “structural stability” cou
| BN, easily be understood.
) g 0 .y
A This could be explained
Fluctuation may safely be ignored. — froma fheory'.vclid .
ATION My Sately Be ignore ‘ near a Hopf bifurcation.
by murte;y of J.Miyazaki
[Slide 13] [Slide 14]
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BRIIEERRERRIUCKIR L COET. PRIV bW B bifurcation point (S &) 734
EALEERT, T TRAFEROMEEZLTHIE L THEMNLELRR 5.
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IGIERE TV BRI N E — 0 L ORI Z OB THEFIGED. £ T, TORMEBERLEIZR
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L THAILESTHAI EFNIFZEEDLVITRWES D LHFETEET. 2575, DA
VD) RERIRIEDITE THAND T THYD Z L Bba b, EBEENELERVE Y LEREA
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WIHEBZIZEY 7.

Reduction of X = F(X)+DV?*X Pattern dynamics of self-oscillatory fields
1= ; 2 2 Its thorough understanding has been
fo d=(@+io)d-aldld+fV4 achieved bg' m:ans of r"I‘h:gcomplex 6L
(complex 6L eqn.) and its many variants.
method borrowed from
Newell-Whitehead work ('67) The power of “universal equations”
on the Rayleigh-Bénard convection is great.

Reduction theory as a backbone
of nonlinear non-equilibrium
pattern dynamics

I knew well the significance
of reduction to 6L free energy
in physics
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TS, JBLTHHDEERT DMENRIEMR EIUIEESTWVTY, HBOKZIEENZ
ZEHVIB. 250 LOEFEFHLTIARVE ETHEMERIROZ LiZbhbRnE s E
AP AR Do L, bo bRENEH CTHEERETHLERENTWDELEZLET. *

— 207 —



s mE

DEBHFESHERFBERXTY. Ginzburg-Landau D EEH TR LE— L\ I SR S - Rd
CREBDOZ LRBBEEDT LBRNANEDNE LNIEREM> TOIE, Z0k 5 REERR
FOEZFTARVZITANLGNET.

[Slide 16] ZDXF A FFTTIZARRAEZ LDBVIERLTY. L 25T, MurEEmicy
DESTETLIENE N Z LTI, FLEHES AT Newell-Whitehead DFEEZ BICEEI LT
RoTIZT T, BRIZH L TUIRNE L > TOARLBSZDOTTR, MEHEWI O TELEHME
RO LR TNBDNEND Z X, BRI TABLEZNIEELARI L TR, Y
FHIRBHBRBEEDIZI ZEM L2V E NI ZERET-T, BRL LTI OBRETRNES S
COWVEZ LB FITEITEATLZOTTHE, —BELTRYEIFHICRS &, HHOERRL
WDy, BOBEBRETIIRVWFEREAZLOBHHLIIALELHLE2TLE > biF T, #
T, Thzd LERICHENIILDEZOTT. TOZLITEELT, BIEAKFIAPEESA LM
BVIABZBEOFEEROCTRABOBEREZRE>TVET. THOTEEFR-TCHETRE, 22T
ERDIZN D LBHE LW BB Y £9.

Center-manifold theory (for low dim.
Dissipative dynamical systems X =F, (X))
Reduction of evolution equations

What is its true meaning ? Case of Hopf bifurcation
Local existence of 2-dim. attracting
Conventional reduction methods invariant manifold M

looked something like craftsman’s art. N

Multi-time expansion, heuristic scaling, ...

null eigenspace M,
X=L,X+ {

small nonlinearity
small deviation from criticality

[Slide 17] [Slide 18]

[Slide 17] #EHILFFL T WM ER S TWB R E NI T ETTR, F7 WML L
NWZETHRLT, SXRFEBMEAZTIIELSPODHDEEVELEN, MOSBHE-L 2FTS
TOHOEEEYFETHLUL LI RFEEHHDOTYT. ZITROoTWNBEDIE, HAWVEYY FFHR
K2 EIBN (B SADHEGEZESH Y 945, multi-time expansion &5, WANSA
WERIH L TRTONRRT—Y T (BN T 2 22T 3) 2ETS. —EORBA
EMRIEERoTIEMNFIBRRNEHL TS, FI2EUDITELILDS LfEPoTH
OSSRV o6 R5.

JE (F&8) BEREZ TS0 L2 bRWVMbHNRNTTS, HEibhET LRI Y A TG
DEZLE LD, JIIFEENERENELE. BRHEWVWIDIZTA¥ZROEHELBETS LN
IZEBETHL2DTTT, HHEZMEETMILNTEOREL LT BICRESENENS.
H0hb 6T, warvil, BESRORVENABERBELND DA, EWVWHEMT
L7z.

[Slide 18] ZNEZMEIIICE X B & R2PRPODELRPST-DTTR, HFEDIED T center-
manifold theory & W\5 HDARH Y, THEMBICRATRDIFIEZEINEBLTIEZANRDY
ELle, BRFESIWOIERNPL WD ZETTR, ETIOHERT F(X) DA S OIE#S
HoODT pLWNINRFGRAE (HENRTAE) BEATOET. p=0BNEETT. 5 LET L,
Hopf M DHE%2EZ2 DL LT, BEALEFERTDL &5 EQKAT 2 RTOBERAERZLR S
boTWEY. BFEDCELN 0 DZOOEFRY MV THELNSEAEBTY. SS iRt
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ZOEET—EOMMRE 21T o TND. EINHEREE DL, FRTELEDL ZOEICEIT L
TEXOLTHAEET 5. RAESHEHLBREIRETYT. BELEELRY, bl d YERRR
iZ&H Y E£7. center-manifold BiRE VD DX, BENAREELAV ARV THBEICKMERARE VS
TREHETTN, ZIWIHTETY. ZOBREVRAT ACHBVERERAS, SSIERSHLD
INEBRTNOPREEBRT D, ZOXINERBEEZITHE, bLOBMEIEROMENRD L
BT, 5758, ZO2RTHBAER, TRITREY AT AORELEERD—STTR, T
NTCORBRZFNEDT DO TRESHFETTE, FESEENRT I LEWEZTILEILNE
T BEEZRUI VAT AORESFETT. 2L T, ROBERERBIIZOH LWRESEED
TITOhD., ZIUTHITVRIERE OB ZFMBE Tiike <, WBENERICD- Y L8T3S
HEEITL LD, BEVESITTH DX D 7R attracting 72 2 RTTOARESAEERBITICHEET S &
VN5 D7 center-manifold iR T3 center-manifold #EBEFRANER LT, £OLTO (w1
THR) BEAFBERNERD D LV OPBHERNEBRICRoTNE I LE L L3R bholzn
T

General problem:
Extension to X = F(X)+DV’X . . .
1.Find lower dimensional attracting

small nonlinearity invariant manifold M,
small deviation from criticality and

DV'X (small near =0 ) 2.Find equation describing slow evolution
\\< on M.

X=LX+

— ~> M changes slowly

bl d .
\/ (no problem caused ) Perturbative approach alone would be
of practical use.

[Slide 19] [Slide 20]

[Slide 19] WEDIXERBRITOAEZRDET LR, IXIFEDO LD 2K EL S RIGIESS
BROBEIIIE I 200, ZOHFAZRITEREHETT. ERFACERAREL S O T,
BEONIZFOBEDOFEHNE S RDONTULET. EIRRITHEZOFHEHEE Y.

L2L, BIIFEEZDIIICEHELLIEZRVT, ZOHREGTHLHBKRTHEROBELE LTR
ZIVDTYE, FHUIZOWVI ZETY. SXZEIIIEREIR LEREL SO TN E BN B
EBXELREDR, TR CHEE /N RER L RARTOTY. GEBEENERMNTHE &
T, BEREV D X0 b ENREEN L ERIICESINET)

NG =FHEOBENIT N T—EORANAREH @L< DI TTis, METERKRTIzE &
EVET. BER2RAARELZHELRELEOLIERSE, 2O LTORBFERANFERESO N
BIEALLEDIIZTNED, TNEEBERICGERTARELLE2 DT T . Z0& 23k
RERLDIPEVBEZELIELL. BZHTIZVANWASEE LW 8355 L BNET, BEEIC
oLl TERHHETILOK ZEBWET.

HHBIED LS 12 b ORBENCA - TL BbITEND, BEICLB3RELEEDELL VD LD
BEET I RAERS T ICBET ARB TN CARRBICH AT KET A L0 5. KEHICIT
REEH X 2T T XOIESERZEEWHEL—EO T AZ L LTELRELERICAR S
EWNS T LTYT. ErLURREMIC LD - VEBTAEEERTT. %9515 FURRELER
ROTER, BEREED S ETT 7 = hVBICEEIZRNE WS Z L 3bhoT, FOE
ST EOERE GL FEREHORMNHE STV E L.
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[Slide 20] WVE DFEENE AT TOMFNTONTE 272D TTH, BEHITIT S - & —fFag7e
FEBRZZX DN TNT, —RO NKRITHEANERT, ZH LY BRTOE attracting 2 AL %
REOTFEICET2HRAH YV 7. WEATET ZOSKECEF| Sh, £0RICE-7 HXA
WKEZZBEND Z ERRVDITTTD L, BEREEZDZNVTHEZROR TS —RIUETT 22 &
2%, £OWVIEELRERICETZ2HFTT. EANREFTAFERICONT, 20k ) ARE
SEREPEEFET 20y, TORTO LB L o THREZ b DM ED, FOX 5 2EkknN
WANSHLDITTYT. THEd, £IVIEFERIIDEV LODORIZSIERL T, R3LThH
R BEHROICRESHEEEER L, TOLOBEEREERT S &V )5 ORE L EBAE &
BnE1,

quick approach to M: 7, Perturbation expansion of X
vs. rather than X
slow evolution on M: 7, X(t) = sin (@ + s0,)t)
T,>> 7, — perturbation theory X (1) = sin( @t) + et cos( t) ~ %82(0)11)2 sin{ @) +---
applicable vs

Unperturbed system must have . .

: X ()= =
some neutral modes (with 7, = © ) W =sin(or+y), v =20,
Critical modes at bifurcation represent
a universal class of neutral modes.

[Slide 21] [Slide 22]

[Slide 21] center-manifold P#& 2 ZBEN T, —fRICHZERORTEEBHROITHER T 5544
ARENI T EBEZTAET. BERHEHOVAIIIMUNIG 2 237 TR LR, [AE
BNTAZIRDEDNEND &, BRAESEBITESSBEARr—L n &, REZEEK EOEN
FFARRRICER LR —L m O LBEZEZ LN, TREOMICERBRERH D L1
SBAIEATEIBELOEZ LN RVDIT T, n NERKICAZZ LI, BETHREE
THROPSLZENRFEPRIE, FhaBBHOHRA, FEHRCR L2 TSR LA, &2
AW, PUREMEEZ L oTMEARE—REVI BOIE—RIZESI NI LOREBEZLENENEND
&, BEIIEFICRBESN S DIFTT

—OFTTICBRARZ LI, DA TOERT—FTY. Py R ML, Fr2E50LTE
BimzfEd, TN I XTI EOMHERTT.

[Slide 22] ENLSMNIE S 3 E VI FEORNCH o LN WEERZ L L LT, &%k )
IRIEER, T/ [T AEBERI, R OBBERTIERVE WD ETYT. MEEERAITRD
DOTRERL, O Ry b (FE#S) OBBERTT. WhiERy Mgicxtd 2B8% ot
Tzl 2T, FHHERBRBOMBIERORBEDIZLDIZESH T 3EMTTR, e LWV 5SS
AEIWBHBHIPHE Vo TIDE D RFEEASRLEMICREZBRELET L, tiIZVbThixL
BRYVETHE e BN B/IELTH, BFEOSERT—BNELEEA.

L2L, ZH (ewt) B0y ERT, v O Ry MIRHT BB L RA L, —KIEST exact T
T ZDEIE, BT IBEEEZ D EAEHDBRELNEINIRR I LN L2 EbRT
NERLRNTNES, O Ry MNIHT3EERLLOT I BMABEHR THo T, HBY AL
EEREORBEEZ DAL LD, £INI LRV SENEZALTRAVDITTT. 25115
HMaBEREFAT2IE IR T o LM ESH LE S biF T
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PHASE : X =F(X) ‘:’X°<“”)W

Another universal class of
neutral modes

t
X=X,(4), d=at+y
N

X, =F(X,)+¢Y K,G(X,,X))
j=1

Corresponding reduction theory: => X, =X, (@) +ep(#.18,} .56,
PHASE REDUCTION b =0+5Y T, -4)+0(?)
Jj=1
@, generalization possible

Relevance to biological rhythms, robot,...
Decentralized autonomous control

Breaking of continuous symmetry

[Slide 23] [Slide 24]

[Slide 23] BARFUEET HHULERET—RE VWS bOOBEIIBEIND L X ZPEVE
L. DR THEND PIE— FESME S 5 —dREMARPILE—FL LTHEE V) H0ORH Y
T ZHUIV AT AR D &b L Ff o TV ERERI RS B RIS NS & X ICHA 2 YEE S
DT, FATYEEP L~ o RBRANZERE CHERICEERMICENSE— FTT.

[Slide 24] 7= & %i¥, %% autonomous 2 FRMHEFIREL TW5. ZHIIERICEYT 5 0
PR TR TT. TIHORBREZRT L ELPAAHL V) D RERERBENET.
—RRINARZ T =20 U8R, M0 & REN 5 b 0T, MLV ~ABRA %
BTy, BMIINETHREERE TR, BRRDECHEARBTFERADS A I/ 252200 T
ETOTTR, ALMEMER, METRORAS 2o S<EUET.

Uy MY A 7 NVRBFRIABBOER EO R JICHEA SN D52 TTR, 20k 5 ZESTH
Ay TN LI~ RDYAT A, BETARY NT—22EZET. FREMEHBRTSE ¢ LWL
HETTIDLICETS. bbAA, ZIICIHEANRTNO LV S SENLETTY, RIENHE
SNTHAELETTET DL VS Z Lt 9.

DS, AL TEPNEREI TRy NT—2 DEF UL, BEVWAVWARFETHNS
NTONET. YU X ehaRy beh, BESENRERLELIT) SESEREBHTFRTE
hMEbRTNB LD Z & T,

Strong similarity

X=FX) —> xn(m),\/\/\/\/\ with the Chapman-Enskog theory
——— ¢ (neutral modes: conserved quantities)
X=x(¢)a ¢=(0t+(// .
. ° ZL=J(f)-(vai]f X = F(X)+DV?X
X=F(X)+DV?X, V- &v ! r
—=> X, = Xg(¢(l’,t))+ 6‘-[_)_£¢,V¢,V2¢,“'), jz__ﬂ(z”tr]mex m;—;f}"af X = Xo(ﬂ(r’t))-"_e_
$=0+I($.V$,97. ) %(c,r.n)ﬂ(c;Vc,T,VT,---) $=0+L($,V4, V4, )
I called X (4(r.1)) “local equilibrium” M M 4
3
in Synergetics Proceedings, ed. H.Haken, ‘77 @&/
A m, Mo
[Slide 25] [Slide 26]

[Slide 25] BEHBAYRIEAIREN TR Cldia<, BN & 5 RIEETRHE LB IEBIEIC AT
HARR, (AL WS bOIRERTE T, 20X ) IECHT 3 RMs FEsEL N ET.
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PABRERI DY DL KB TY. T 2y M A I AET, it wt 77 2EEOAL
FER » OEBEE (Af2r) TF. TEE LUTHERASZ L, L LLAARNTHOTTR,
EEIEIZIZEDIZY Sy M A 2R ERIL T, REEEERE SN ¢ B HITRPER TR
ol Ve LRELEHZ b OERIULITELEZXDAOTT. Z0LHICE2T, BEHHEXE
TEBRLITEL AT EIIC ¢ B EEFBRRXEZRDTRE. TNRERNRT AT 4T TT.

UL, ERCIIZOBEE CRELTRTZIEOTERWMNTASLTHTS S, £z
p CHLTVET. ZNRIAREZHEEOELIIKIG L TWET. ¢ £l p=wt + ¢ DEBBEASR
AR EALERELOEBHZELTVET. LEBoT, pb ¢ BEBHICRDH_E ZO0E
KETT.

ZDFER (X = Xo(¢) +ep) & X ORUTRALT, p & T ZBRARAKICRD 5 &\ 5 D23 —
B2 FROTTR, T0 X2 19TTEDH DV —7 ¥ ay 7 TRARERIT local equilibrium
(BFTEA) WRELRAZODZBONHLET. TSI LTREZE+HSICERDH o T2ERTZE
BT .

[Slide 26] 22 EFARICERDHHZ LigDh. TIUILLRTER 50 HFE L RV T LADOFERT
HbAOLELEZ L fOC@T‘?‘ZP, AVY = FRAOHHOBELBEREL CWET. JUEEBROR
/V‘Y?’Vjifz_t%?/luﬁiﬁijﬁ%—t ZHERIT B &V 9 Enskog-Chapman #5g, 1916~ 1917 FEHDIE

ICHEWER T, AN ERATHE LD, TREIFERUEEZ LS TVHEWVWI T ED
7b>o’C%§ Lz, FNT, £5WVIIEL5TIUE, SXIEED X XESICRFTFESMLER
B0 TY

EDL I RRIENHDHMEND &, e 2EZORIGIEFER, UV Iy A 7 VRS T3 E
BREALTWAEWI VAT ATTR, THUCHRLVY v FRABKGELET. Ay~ FREX
D, OF Y BEERFEOERESMELE, THhE U RZHEKEOKISTERCRORERY L X I
S LET. KAV~ FRAIEEEZ S LT Maxwell 5% H > TWET. ZEREBIZIE—HRT
. 2L, ROLSEHEIRFEINETLL, 2FIIMEEDOHEE ¢ CTHEES) b'Clz AN P AN
Findé, BET LFEHDOHFEEER b 3 ODEENT A ZH Maxwellian IZITEFEND. ¢
[T MVEDRD 5 DDEBENRTAZ LD R&E .

EH L, BEROEBNRTAZ Lo HERE VI LORH D, BREIZ—ERIZHN S streaming
term IRV TWER A, RAY <V HARERRXOBRHICBNTIEZRL o TNENEWND &, TbD
EBRTAZEERERRNT, Wo< ¥ LFEHZEMMICERT 28K ERRT I & T, FE#®
EIELCbo & —ORAALY v HFRROBERD LS & H T & TY. streaming term 23
BEHRoTINODEBRTAZICO-L D E LEBZFEEITDTY.

BRZ2R /R8T A # & Maxwellian % RFTEE/SAR L FEATWE T, EARITFEELES
Th, EFEHETH AR HHEROEERITDO TN 5 Maxwellian b4 5. £20T%E
§f L LES. BZHERENRT XX T,c,n OEBFEX, ZhnE 0 bRBETHRENZFEXRD
TR, FIIRFTFEEISEN L Shic 2 OSRBERNERRI VY < > FRRE LI T £ 5Tk
HHONET.

RIS BRROMREFERIZI I ERZ LLTE. U Iy Mo Z VR RFTEE G LT
E9. B OBED steaming term ORFIZKIET D, ZOBEBRHH7DILL>TY Iy b¥A
I NEEPS—RRITITD LAND, ZFNEpT2L T 6f KRR LTWET. HAFRERR
FEHEFBRRUCKHE L TOWET. MAEFERE p 2BEBROITRD 200 Fid, wEHFHEN
L §f &R 5 Enskog-Chapman DRV F L Z-< VT

RNV = FRAUCKH LT, BEESMAOBEZEM CHESMERT 5 IRTDZER My 3H Y %
T, 5 OEERTFIAFZEELND 5 RTLEMEES DT TT. TIIEFEEEIRO attracting RAE
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ZRIET, T2 streaming term & U5 —FED self-perturbation i2 & - THTMCEAT, O
D S RTEDEDRESRKIE M 2725, TOLEDELN f TF. M OEDD-L v & UES,
T TRAEERN T

L-8f(v;e,Ve,T,VT, ) phase mode + critical mode
=I'(c,Ve,T,VT ) -u(v)+B(v;¢, Ve, T, VT, 5 £,T) Example:
L :linearized collision operator standing wave onset of sliding

e || VAN = AAART
or

Apply solvability condition,

. . ; space Space
and find ' and Jf iteratively.
The phase reduction Composite reduction methods can be applied to
and center-manifold reduction sliding patterns with long-scale
have an identical mathematical structure. spatial modulation
[Slide 27] [Slide 28]

[Slide 27] ZDiEH 5 TH 2 THRTHNLBHEICRREL £ 5. HRFRE UL THEEME

EVIBDEED, LW ID, FREFHETOLORTEFEREHZLET. DHOTHSf 10X
TR —HEOAFRBEHHRER (Fredholm BIFES HRER) &R T, ZhIcH LTt sE
R 20T . ZZCHEANEEFIBF L EN-EREETF TS, This5o0P uEaEs
boTWND. R 5 DDEBEEHE L TWAND, OB OBESRN 5 >OP nEEES
bODIIBRTY. FHEMEL VI DI, FHDOFEFRENRE o BEERSE&H- TR LR E N
IRMTYT. ISR OMNAEBER A E-T-Z L DEARBZEVIELTT. BRIIATHRALED
DOBFEFERIZ 2> TN D,

HREELMAESFHER, Navier-Stokes FRERZ H$ITiE 2 kOEBENE CITH7AR L TIEARDY
EHA. 2REBEILED L THEHTOELANE B Z 2500 LVERANR, Bilcbi~
L HHBEADETII RS THDO Ry b (X7 FUE) IZxt3 2882 0O TR L trivial
T2, To2Z38VERE D DLDEEEZTWVET.

[Slide 28] IR DEESFE— K, fHEE—F, ZRIEEE “hREBRROREMNRPSILE
T REEEIDOTTR, AV FEROBRIMEGEEL T I LEMHTT. REEIZZD
BEERICHILZAD LN TET, KBLTHELLERY, RELEED L. 2ok &R
CEOTHMNE— RROTY. SEEOPILEET— NS LT 3SEEOENERNHS. N
FIK BRI EEEEZELTWES.

NABRERIIZUT T HITERONVWSL WL RHBICE R FEE b2 T8, ChiclEfe— e
WHEZDORIEEE— FPRELRSERH VY 4. #121F, Turing REEMRL WD HORH-T,
—IRRBENE - R EFXIELEDEER (slide 9) TR L 5 ICEHMRETROBESES ST
DEVOIHENRHVET. b LEMMHRENY B+ORE TERADRESEHE IR, ZOF
LM K o TEMIEERFESENETHS, MHET— RV PrEFEe— RBRHTL 5. /3
F—VEEBICFTBE L bObME LTREDEREZ DL WVI 22 TY. 20k, +7
WCHMNE— RBRFEELTOWARET, ZORF—VIIRRRENT D EVIEEN R D 2 E3
e 2L, TORBRIRNRE — B RBREIC RS T, ZERBNCHF AR b OIEFER R H — L
T5. EREIECANZ— 3o Y EERVHT, £5VIRERHVET. Zhb—BONIKES
ROT, BRE—FRENET. 2V REATBEOTILEE— FEbD. ThAbMNT v 7L
TH LWVEMR S A F I 7 ABEND. FnEERT 30l T EBEOENER T ELSbEIT
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VY. composite RFEREFRTY. FRIEREETT. O X BREAEDEEED D L, FRERD
BAF3I7 AR ERNERREONR Yy R — o TEEELECRBLTERLERLD LR
WET

(b5 BEETINZOTRDEL X H )

X=F(X)+DV’X
l phase reduction
y=-02w-0'w+0w) (VK 76)
phase turbulence

0,p=~c03$=010+(0,9)" +0,4 0,0+ (3:4)" +-
Scaling form:

172

P(x,t) = ey (e?x, %)

Scale-invariant part is dominant:

. K &
X“‘”X”+0FEN“X“X” 0 p=—cd2p—0p+(0,8)" +0,0 00+ (0%p) ++-

j=1
{ phase reduction

; K { .
¢i=w+a—iz [(¢,-¢,). eg,[(y)=-siny
= (Y.K. 75)

—— =0y -0 +(B,w)

synchronization transition

[Slide 29] [Slide 30]

. N
§i=a,+3 sin(p, ~4) e .
A A= Bifurcation or Phase Transition ?

As a dynamical system,
the state of vanishing R is neutrally stable,
whereas R decays exponentially there.

Dominant measure of T"are concentrated
near R=0.

Analogy with the Landau damping
in collisionless plasma (S.Strogatz)

_ngou§ Regarded as a singular bifurcation
,-mgg_neﬁid'rionif : (D.Crawford)

[Slide 31] [Slide 32]

IHNE TR L D BREEIOEZE ZFILE SITHEAFELEE>TIWEEITE S O TY. Enskog-
Chapman HRRBIHEHA N ZOBFOF CHRAMAUBRAEETHE VI ELH Y T2, ENET
TR T, WAVWARRESLEVAT L, bEDVATLADEERDMLRNVE I RFEETEX,
FEROERARY ID, BROFEXBREBHREEZ Lo TVEENI T L, £50 ) BEERBLEITR
WEIITHEFAEDDFATLZ LD TT. .

invariant 2283, #FIZ K E /72 invariance 2 b OEE R RHT LW 5 Z L BAYE CIIFEREITRE]
PERBWET. BEIILOIKDIEL, REIATLEY?, EbN3dFb0ETH, FiIx oI
EoTWARVDT., #he, WEREWEZEEHS, BIIAEOREHT, SBFREEZSALSARTT
W] EBHDVETHE, BRLBISLEVRVARVWERESIOTYT. BEI5RIEEE-THEMETY
B, RERARLTHEELZRATHIONPYEOKREITHY, TNHHEBYHELES LEBEVET. &
% (invariant) (X8 (universal) IGBEUET. £ X O REELEENRRAL LTRATS. £
NERELTRE0OMPEELE-TRW. £31ELT2E, ROMBEIRTDEMTENENS
DIXHEVARERNRZ L TIERY. HFREREORFELEPYEIL L BT DXL SV IMEND
T
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invariant 2HBEICHNANEH Y £T. IEFRBR B DE T, BHBLOT I E ot
SRV CHEBTHICEAET 5 invariant 721 E RHZ 5 L 45, ZREI3EST, WEEMENL L
MELTEREVI bORERTAIENH Y . ER LWV DO HEICAXA invariance & H 0.
F CERNOEREFRMENERNN, SEERITIEES DI TTb. £DFHET invariance %
RERITRO ORI 7 iy, RELTRTLELD. UL, BEFLITHNEES invariance THEdH
D X7, ENIET % invariance & B 5 22 b, BEEE—ADKAK, FHBOI IS A—-DL
TLE). TOROINFEHT T, TINOWHEMNSHENEE L THERSIKELTLS S, LW1nH L)
2. 2OV A—VIBEESNRTIEIROARVERIZES. BAMNLELD, T2 S8k
L7z FUCARITRY 72 invariance B35 5. £ ZIZE B LRTIUTVIT RV, FHU3EEEIcRE T
TY. THEEELZONERBRELE LBV ET. b, E—OBABEDA A —JI3EAL
CERZBNDEVTRY. TREIWIA A=V Eb ok bRV, RXFARTIE XV L LIS
A—VEBRELEL o TVERA. »OT, MFiEE L LTOYESEE B ESEOEBEIL S
EHEIMEBNLEILERHVET. Lal, SERIOFEILERA. SHIRLITILEES
LESOTWEZZERHDOTTN, BENRZVOTRDIZLET. TAAIy Y a I LTFI.

b= + Z T4~ 9) , Center-manifold reduction
i i i i J
j=l -
o a C s R C=0
l R=(k-k)R (1+—K—KC)R l E’C*O
Find nonlinear Fokker-Planck equation <k
K.
or f,(4.t) ( deterministic w e
for f.0¢ ( ) T(y)= D .Lexp(ly), [,#0>C=0
Im A Im 4 feo
conventional - present More recent topic:
= — Coupled phase oscillators
¢ - on the small-world, scale-free
and other networks

[Slide 33] [Slide 34]

CONCLUSION:

I have argued

(through my personal experiences)

how statistical mechanical ideas work

in the study of

nonlinear non-equil. pattern dynamics
based on deterministic dynamical systems.

Thank you !l

[Slide 35]
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BA
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OBV ELZ. E98HORLITENELRE. THERIFREBEVWLET. KREFSAL

LV LIGD E T H.
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