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2005 2H 14 H

FEAFEOEEAERRR L LTEL%L Navier-Stokes HBHFR X Newton HiiED I b TR E
T3HLDDEEHZERT 2 HERFZTHS. DB, Navier-Stokes HRHNFE TILIE Newton FitkD
EHERH T LRk, JE Newton MiEOES) & HF NN T % R121, Navier-Stokes F2
AR BEYLIGANEIE - RLADDEEZZLENDH D, —RIC ZDHARIC & > THEADETHE
RFFEN I A TIERHEOR Y, D2 VIRINFREORN LV 8L O L& 3.

1966 412 Eringen [1] 12 & > TIRE S NIBERE(A 7 0 K — 7 ) OEEHEHRIT Navier-
Stokes ARRAR TR T 5 Z L OHRL B 2D Newton MEFDESN 2 FENICHENT 2 2
ERTIREICT B BT, K, IREES, AEES TAERL EOERDHYT S, s ek
iz oo F, BRESTF R EOMINTF2ECTHAEL L TofERH 5. Eringen DB
ETREOED) & BN F ORISR E OHEEREZMEKT 200 TH 5. Z0A, BEREOABRRRIZ
FENHLBISAT vV REIMELE 2. K DFELWERICE L T Eringen (1] PHRENEN VT
7' 7 [10, 23-8] B L T L L.

FEETREEOB, QC RPEZEODPLEERON 2 L HDERMEHE L, O x (0,00) KEITBRD
FRE MR T B AR OWHE - BREREICOWTEZ 3.

(0
c';tL (v+x)Au+ (u- V)u+Vr = xrotw + f,
9
Sr — 10w — (a+ A)Vdivw + 2w + (u- V)w = yrotu + g,
dive =0, ®)
u|3ﬂ = 01 wlaﬂ =0,
| u(z,0) =ug, w(z,0)=wp in Q.

I Tu = (ul(z,t),u? (s, t) ud(z,t)) RIREDEEEE, 1 = 7(z,t) EHRECN L TEER,
w = (w!(z,t),w?(z, t), z,t)) BRMTFOAEE 2RO TRABEE; f,9 352 o040,
up, wo R EFNFIEES %iﬁﬁ%c:ﬁn‘ﬁc%i%hmﬂ?ﬁ%ﬁﬁ; vIBERETESE, y IR, o, 6,
BAE MR EROTERTH Y, BAEE RN EZHATER LY, ho ORtERI

min{v, x,v,a+B8+v} >0 (2)



EHRETOOET B, £ (1) KBV THADRERRE AV

3 2 ) t

.9 or Or Orn

= —_ . = ] - ——
A Zamf’ (u-V)w Zu Bzzrjw’ \s (8m1’8z2’6z3) )

divy . oud  ou? Gul  oud ou?  Oul
= —, rotu=|—-—— - - — .
T 0zy Oz3' 0z3 Oz Ozy Oxo

FHE TR (1) KR L, BOERTORMRANS X OB LIREC OV THRE S, (1) B
SU(1) LEDET 2% 0DEIC O WTUIRRT AL X ORISR AR & b BRIz S  OFRDS
H5 ([6], [7], 8] &) BTN HBEBEMO7L—L 7 -7 L LT L2 EME2AVTWE. {E5T
Navier-Stokes TR N § 5 HHEM2FERTH % Fujita-Kato [3] DFER L AKDOEH D 5 FIH
F=2 N L TES»OTBTERRE L LI NEROFEEZ R T I LKL (EBIC (3] Tk
ug € D(AY*) #B L Two7e. 22T Ay = —PyA). —FT Navier-Stokes HBAF KT 5 A#RAE
KBL TR h % Ry onTE D, Giga-Miyakawa [4], Kato [5] T3 #IHIEEH L3 0 &bk
THaANTHZBECEL TARBBROBEEEENT EN TS (4] ® 5] TREGEOIEHEE XL
TOhLZAMSELBEL LTuRLI LIEELTRLY). {27 [4], 5] o8BS (1) 2%
ZOETHAT — % (ug,wo) 8 L2 DERTHHIT/NTH % 5 1T KIREY b ATMRIEHSGE 5 & & s
Ehs, .

D, iR, A N1E%2 FLg=0 LTRI. AABA-THBHATYH, ATIDEL T3 2
7AWEL 7 7 ATHONUIRAROEREE S Z LMK S.

FREZBARZ5IC (1) DFARRNERLIC 2V TR 3. (1) TRED m dRFEEEE L v
5, BREABKNE LTERLT 2 /ICRENEr 2WEL R TR S kY, 22 TEEOIEMRE
EOH N L ARICEEERT~NOHEEAL T it TRV V /4 S VEREORBHERE
HEIEBEEEZET. 20AIZ, RO P VD Helmholtz L2 E AT 3.

l<p<oot¥5. Z0DE&E Banach %M LP(Q)3 i3 Helmholtz 2 #E:

PP =L2(Q) & GF(Q), ®: B (3)
RPHBETII LA NTWS, 22T

IB(Q) = CZ@) 1™ GP(q) = (V|7 € WhP(Q)),
C3o(Q) = {f € C°(Q)*| div f = 0in O},

WwhP(Q) = whP(Q) n {w € LP() | /dea: = o} .

P = B, % Helmholtz SR L HIET 3 LP(Q)® 5 [B() E~OMBHHE L 5. 2S5 EEIL



T2RCU = (u,w) LB PEAVTHEFAZEFALRRDI I ILED .

ol |

(v+ x)PA —x rot
—x rot —¥A — (e + B)V div +2x

u € W2P(Q)2 N Wy P () N LE()
w € W2P(Q)3 N W, () ’

AU = [_ } U for U € D(A).
CITw NI IEREGD»S Protw =rotw TH 3 L2
XP(Q) := LB(Q) x LP(Q)3 L F5. AZAVIUE (1) L b, XP(Q) IK 81 3 ROMKRM % Cauchy
FEx2E5.
{fi-g+AU_N(U), t>0
dt k (4)
U(0) = U,

2T Uy = (ug,wp)t, N(U) BRDIBIZEEED T

~Pl(u(t)- vwn] |

MU= - vw

FHREARRS.
EIR 1. —A i XP(Q) ECHRATISERE (T(t)} im0 2EKT 3.
¥ 1 & Duhamel DFE L YFHE (4) L W XROBELHERARZ2HE 3.

U(t) = T()Ug + /0 tT(t — SN(U(s)) ds. (5)

FREOMBER R T DI 3ESABRRR (5) DHREIC DLW TEZIUT L. ZOBI (5) I
BEROFE BRAAOFE) KL TR LE2ERS. ZOBCAENZBYIZFEEHER 2~
re—NTEEDFETHS. £ 2T, Kato [5] & FRRICHEBET(t) o NT 2 LP-L! RO FHR 2 &
C. ZORIBRFEE LTHERE T() BLRES-.

EE 2 1<p<o0lds ZDEESH>0PHFELTp(—A) DC\(~00,—6) ZHET. ZZ
T p(°) & resolvent REZRDT. 51 4; € (0,0) BHFLEL TROFMEHBEED U € XP(N) i
HNLUTHRIT 3:

IT@EUlwir) < Ce_éltt_%HU”LP(Q), t>0,7=0,1,2 (6)

SEFE 2 & Sobolev DEEER, HMAFEROERELA 2 2 £ THEBLICRD LP-LI HOFHR
#5.



%3 (LP-LIGFHE). (1) 1<p<g<00,p#00,q# 1L TE CDEEC=Cpy>0,6=0,,>0
VEFELTRO LP-LIFHESEEDO U € XP(Q) o L TRIZT %:

1

_af1_1
17U || Leqy < Ce™% 2(” :) IUllLey, t>0. (7)

(i) 1<p<q<ootF3 ZOEEC=Chy>0,6=6,,> 00T LTRMERD U € XP(Q)
WXL TRILT 5.

_9(1_;)_; '
IVT()U oy < Ce™®t 2\e "0/ 72Ul 1oy, ¢ > 0. (8)
% 3ZRACTROREROFEEE 2B 3.

EE 4. Ug = (up,wp) € X3(Q) LT3, ZDLEREALT > 0DHFETS. |Upllza <erd
(1) B—BRLERU(L) € BC([0,00); X3(Q)) 2b b, E6I0REHET:

375U (t) € BO([0, 00); X°()), q>3 (9)

t3VU(t) € BC(0, 00); L3()8). (10)

ZITBCI;X) 1R X8 LERESHEED 7 7 22EbT. () IKBVT¢=3DBEE2BVT,
(9), (10) DETOMEIt=0IKEVTOLRD. ¢=3DHEAITU0) =Ug = (ug, wy)t %45,
AR 5. HHRFBOFELZRTICRIET =% (ug, wo) KRT B3PI SZHBEE Uiz,

BBICHHDT 7 F 54 v 28BR5. K DFELVIEMICEL T3 [9) 28B L TH&KL .
EHE 1 BLOEHE 2 2R THIVEENLESITH S, ZDHIC (1) OFRFALEE L MET 3RD
RT A =5 N2 EFRERE (resolvent fEE):

A= (V+x)Au+ Vr— xrotw = f in
Aw — YAw + 2xw — (e + f)Vdivw — xrotu=g in ), a1)
divu =0 in
u=0 w=0 on 9N

EHNT S CITARERNIXA—Y, f,g REZ 5N S N (BRI O 7 — ¥ & 3
¥3).

A %3 sectrial domain X = {z € C||argz| < m— €}, 0 < e < 7/2 IZB L TV 3B DERER
R (11) DREDH (u, w) \X U THREER 7 resolvent S8 & vauld A 298 T(t) DERETH
B, BITFHOBRENLER» S ER 2659, L0VHLLR N 2Ph2REAS LS
Bt Stokes ABRARICH T 3 BEAFD M 2] LMk HFBRR T LEEFOFHIE % AV, BEIERN
W2 (11) 12349 B resolvent A2 B § 5. i1 |A| 25 XV IFAIEEAED compact %% FI A L,
Fredholm DIUEE % v 2 EEHEM 2 /55 C resolvent EADBRER T .
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1 F
R AOMELIE M % 2 Ruiitke LT, C°-HKE/
f:M — R?

DT eENVD. BHEHEE 2B FERAZRIZNEDRGIMN, 2T T
BE—RICRFRAR L DEBRLEZ, Thrk R AOME LS. fpe M HER
fiM— R ORERTHD I

rank(df), < 2

THBLETHD. MERLBERDRANEHEZTH 27D, LITT, BERIFI
BT 2HmeEfd s BERFHNRMETSHS I L2z, EEE L EmOmEELHIC
EoTBLHI L& FMELERTS. ThbE,

EE 1 2 D0FEYH f,: (U,p) — (R filp)) (6 =1,2) BEHETH % L1314
SAMEER ¢ RE— R &R — RHEELT
fioc®=¢ofy

MRDIIDEELEHRT S,

COXIICAERFRZERT 3 &, ERIFEMEF-0 & ZIIeEEE
5D 1D,
EHE 2 (BR#MEE). BE6HF f: (Up) — (RS, f(p) p THEAZELTVLE
E U (z,y) — (2,9,0) DERICBIZELRTFLEETH .

e, FERTH-TH, Mo OBEYP—EMTHEE5IERDL S IcEELE
BICEfEICZ>TLES.



EIE 3 (BHEIR). BB f: (U,p) — (R?, f(p)) DWMD DOBEEL rank(df) A p
DEDHT—EE 1 DL E, f i (z,y) — (2,0,0) DEHICHIT 2B L FET
H5.

L7cMo T DX S ICRERMFRZ ANTIGE, BkDH 5 (FHEICKD ﬁ%t:b\)
HERIEWD OBEBIELS T—ETHEVRERTHS. —RICEBRISIEFICEMT
HEREREI 2N, AR THEROFERAELUTD 4 DOBEEATHS. chbidtt
BARS BNV,

B 4. B (z,y) — (z,7y,9y%) DERTOEHFERER/F LR, B (z,y) —
(2%, 2% y) DIRRTOERFZHATAHALMES. B (z,y) — (3z* + 22y, 42° +
2zy,y) DERRTOEGHFZATOA—TAIVERESR. Bl (z,y) — (22, 2%y, y) DE
RTODEJRFZHATHRERF LS.

B 1IN ORRRDBEENZEDTHS.

i;tl'ﬂ
mm

T3
‘:X%“‘a:“'éggiazzi%f“““‘
3‘\“%\9‘ I‘ it mii‘}{ﬁ‘

i "&\ .\:‘dll'.suum
uaa*;\\ “x“. 5" [ mm

131 Tt
fzg’i?:ufs“:\\“\" lmmm
il

HLIR \\\ LI

X 1: ENOREMRT, AATH, AT0—71)V, HATHLZERF

CNSEHEDH S 77 AT 22w JIKRNZ R ST, H3EWK, BEIC
WHUTEERBRATHS.

HEOI IR | V) v IIcBENAERA
it REETF
RRRRE ZEMET ([4))
EARAE ARATHA, AR THLZEBT ([2])
F AR EWET (5))
AN ARTH, A70—FA )V (1))
LT —HERE | ARATA, AT O—F 1)V, H R THLZEZET ([5])




VU v ZICEHNE LRZFOBRREALIELZVEDHZFOMEID 7 5 ADZE
ORI OB ERIESICEZ DR NS,

EETFERMADIIAL, Vi) v IICHNWAHEREZRNS T LIIRES
RN F DT ZAZRARBEDE—ERfEL VWA, EETH 5.

2 HRROAEE

EFE 1 &Y, 2 DOEGHFHEELN E 5 M 7EHET 2 IS EIEE#Z RDIEN
FE5RVDT, BERERDH I L ZILENDEABLRERTH A0 ZHET
3R —MITIGFEEICHETHS. L L, LIRBEFRRRIEBRUTICRY

KW ERGHIEEZFFD.

EE 5. ERICB 258 f(z,y) . R® — R*ICXLT, (1) £,(0,0) = 0,
rank(fy, fay, fuy)(0,0) =3 A BIE f BEAICBNTRERTICFRETH 5.

2) (6]) f @72 T, ERTIERLGRNERZELDET S (TOEKI [6)
EBM). COLE f OBRBSOES S(F) IR () (v(0) = 0) k&3, iz
n(t) € TR 2 (df )y(n(t)) =0 LHBRT MLET B DL E

det (v'(0),n(0)) # 0

&, f PRRTHATAICAMICES I LIERIETS 3.
(3) ([6]) (2) EALEBDE &,

det (Y(0),7(0) =0, det (@), ()| #0

,fHRREETATO—T A IICRHEICE 5 T L IERETH 3.

(4) ([7]) £=(0,0) ICHEMHTHYx R ADFEDE m, & f L O c.(t) (co(0) = 0)
EEC () o) Et=0T (%,¢°) KAMETH 3. (ii) (d/dz) det(c(0), c”(0)) # 0
A5 fRERICBOTHRATHLEEFICRETSHS.

J2i2U, fo =08f/0z X ET, =d/dt TH3.



3 HEEDIGA

FIEOYIEEZEZITHEOWA WAL I T AWV 12V v ZIcH ObNEER
BERANZCENTES. CCTRABHICH DN IBESAEENT 5. HEgE
2l R ADOAED 185 A—Z2—KT, b x5 CEEEO 49 % “F” Ic LIl
TH3.

E# 6. ML (circular surface) &1
V(t,0) = Viy.a1.a,n)(t,8) = 7(t) + r(cosfa,(t) + sin fa,(t))

THLDLENBZEBRV : IxR/2nZ — R* DT L THB. I21FL, v,a1,a, :
I —- R r>0a,-a,=ay-a,=1,a,-a,=0T, ] IHEXMETHS. - 11 R®
DEEDAETHS.

v ZN— AR, a1, a; ZAEEEVD . H 6 y(t) +r(cosba;(t) +sinfas(t))
ZBAENS.

IS v - a #0 £7d v a1 #0 DEZIFEREMINZIN OGS, 7
BEOFTERICTICT 20002 X, BEICBMHOEENAZES L3 IcHEDN,
RFEAIFERLICO 5D, FER ETEICRRRE S DI HRihm
THoIH, FERLETECREAZL OHEBEREXDOL 33D TH 5.

B 7. 3] MHER O TN TORTRERAZFFDOAEE S IREHROF OmE D
ELohTH5.

V(t,8) = ~(t) + r(cosfe + sin §(cos p(t)n(t) + sin (t)b(t))). (1)

Fer2l, v B HBZERENERT e, n, b & v DTIVRKE, o(t) (& v DIFER 7(t) OEL
B TH3. COMEEO—S—I—A R —ghE L SR,

FEARI I TN T ORRABE OBERIC > TV B HIn—F—a— 2 &—
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EHNTE ABIED—F—O—AX—MHEc 2V v 7ILH 5N A RERE
RDOEIICRETHTENTES.

o MBEICYIXVYIILHODNBRARIRER/FTHS.

e O—F—I—RA—MEIYzRV v I CHOLDNIFERAIAATAL

ARTHRERETFTHS.

Ff, I BEOERNRICERIC Y 2 32 v VICRERBF L AR TIRE
EFRHLONTEDTEEIAITALHS. CNIIRBETREHD AN T T
AT, TEREERY 7 AOHBHEORRERZIFRT 5 T LITKEHRE,
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1. BREER

EERZOMN/-DTI20NRELYOUERERZHBITIRESI LN ?1 DOFEIR,
EMiZAorOREEER, FORBZEATS. COEREEVRLESNZT—INSEHOD
EEZTPETLZIETHS. ZOFEHBIIIHAL, MAL XD EWS ONREMDHEXOHRE
EThHD.

Z<OYBEFIFEMSFERA TR INS. RESHERORE OERTIE, HFEIDFRE,
&, BRA&E, WHE EREZHARTHY, BB KB T3 HBR0EMNKD 5
NERABTHS. BEHARICEYBFHEZEB T LT, BO—BEENDNMD, TOMOWMIIEE
REDNWANWALRHEEEZRARDL I ENHKS. 2oL AMERERESIEThTWwS.

UL, BEOBMETIIEMETHAREZEA TS LD, WS DOMNEKRAETHIBENS
W, ZEAE, ARRICRENZBREEZEA TS ROYENEEZRTHLOTHEN, ZhoLeT
PEHTHDHEEEDN. ZOXIIREE, IBRE SR DONTOMShOFERMS Th
SORMNBEHEFTZZ L WBEELTATNS.

CZTRMAFEROUERMBEORZ 1 DBETTHE IS, FERRM(0,<) ZROGEENLHDT
WHELED. COREFRDILAEFERR 1, BEERIIFMOBIEKET 2E M) £T5. X,
GEENTOROREIBNDHDET S, ZOEE, BE =u(x1) IRERIFER EHER)

0 Loawit (0<x<m0<i<x)

29
ZMWIZY. ARL -0 TORESMIZoELKD. DED,
(2) “l,_n =0 (0<x<®)

CDOERERORMMRBER () ERANBETHHRBEEREZ . EFOLIICERILINBZESRIN?
BRx=0TOBRDHEBEEZEX (AHL) FITOREZHAELT, BET-0 ORISR LS
5 IOT—IMOEBMRERERELLD. TOZEEHATERISDE

@3) —a(r)z—i -gt) (Ost=T) [BOWHE]

(4) U, =f) (0stsT) [BE]

E2%. ZOHE, ERER(f0.e0) ERAREL, TUDSKABTD S (a()ux,)} ERER
£, EWDHEREITRS.

(ER) COMBRFFETHS !
B, PLOMEORR, FME (1) ~ (4) BHsAER

O i ey Vz50

’ (f:a(r')dr'Jl/2

CREIND. ZOFERIG) KELTHEH TS,



2. ZHETR AEOKTHANBES 2HhREEZ
£95. BRAMVBEEET A0, RFHICEBHEEER
DORTF v IIVERETEDIETHS. BHRTFDES
BEE 2 LT 4 A-HFRRATRBEINZN, 2
ZEEIIRS ZERIZHOLOTHETH . HHAZEIT
BWTH, KB, A, HERZREFICE X -RORME,
TaHb IRBEORERD, FHIBEUNASN
TWRRWIENS D ETDRHBINEBHRTEZTHS
D. BIT, ZEMBEICHT A4 IO EADTH

V(x)

BACBELEN B FOT—IMORT

NTEE. TDOL1LDOBIN—HM)—HRTHS. MEE BN TWRHERB O &R L
BEiz9 572010, ERTFICEHHEERIERL ERCISARE

vix) FZEULEBEATTAESBELTWSHD) &L
k5. N—hU—BRIHED LBENDHRAGERLO L 2 L7 v H—FER
(5) iS50 =-Bus [, V(x-y)U G, y.000,0y

THD. IITi=JA1THY, AETTILT7, Fltu="(4,u,) THY, NITRTOEKER
LTWwa, a5

U(x,y,t) = (Ujk (x,y,t)) N x N1
u(x, ) (y,t)  j=k
Uik(x1y>t)={0 ¢ j=k

THd BrIOFEGEFBRICHLT, HNFMOHERRONZ2ET ) ZREREEL, Th
FHETHIHMBEICOWTROMAAL. ETHECLZDOR MTEENRETEN?] THD.
HEBRROFTHRNLZEBD, (BTOMERETI THS ERES WD) FEERAFER
PR THo THIFBBORETHS. - T, HFERNEGHEAD EMEITISIZHL
RBEMBTERESS. EE, FERARRCHTIUMBEIEEL PR RER L THELEY
IZBS. TOHRT, 1DOMRELT, LI TAFEIARBH Y 2L F 1 2 H—HFERITHLT(5)
LEESIHFERATHZM), HEIERARRIDONSHFBRADORKEZ—BNICRETES, &
WHZ LM INE. (2L, ZORRIZREICEENAREKRICES SO T, MEBHZRIIN
EITBLHND.) RAbIOERIzHOND, HEE

TEEERENS v ZREE L]
ERELRZ. ZTT, BALERRES LM FOBHTOREBEETHOT

©  (STXR) =1 () [, ™ ([ V(- ) (x,y,aCy My
L

EEEIND. IIT, Hy=-A [="(f f) THB. BRAMPBIDELTVWIEBEIIDOES &
IHFEREGITBNT, (SO, f(x) ZHEMBEL, RAB ), ux)) TRDL, LS LiThk
D,

3. BRI RANBIERIL RV EONT BUEEKEDTT) —BHITRITZENS T
CTHD. DED, ZODEEY,(0),1,@ N LT, M7 58EERFEES, s, ET5.

S, =S5, ol v =y,
TH5. ARAG)OHAMEOMRO BN SV, -1, 85y, -u, BEHBKICESNS.
AEAD &S, FMEMBORNERMBAL, ¥RETERTS. TOBt &2 & HWMENMNEL
YhTHD, RADBLARTRERES LIZATH 5. '
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Yoro—ikitéOErY -2 ATy BRI

BH %% (NUMATA, YASUHIDE)
IHRERFAFRESHABEIRNEE 1 &

1. INTRODUCTION

HEBH N e NKHLUT, FEABROFERDFIIA = (A1, 2, Am) (i > g1,
MEN)A T N=nZRBLTNELE, n OREITHZ LV, AFn &FL. A=
Ay A2, 000, Am) F R IZHLTnDOBE (A, A2y, Am) EnDBEI(A, A2,y ..., A, 0)
ZR—#EHTD. 0 DFENL (0) (= (0,0) = (0,0,0) =) DATHD g EFELZE
9. BB NICHLT, (N &2, N TEETS.

AP n i ZHLUT, Dy = {@Gj)|1>7> N} & XD V>FHF (Young diagram)
EWD. (4,5) € Dy Zi1Tj FIHOHMH (box) EEL. B4, Dy ZiTBIC N EO
MEEXFETARHBETEEERT. I (4,4,3)F11 1

DEIRHEHT. UTRICHTOATZWRDDE N &2V > JHFE D, & &2RF—1]
LEAED N TEEZRTILITTS.

nFEDOY L TRBNSIBRBEREY, = {MAbn}, YO UVRE2ENSBEES
ZY:=),Y; &&EL. Y2 JEE D, 3, £ THIOT, £E50ASBKREANT,
Y ICHNEFSRE (poset) DMEEZAND ZENTES. Y IEZ OFIEFETH (lattice)
K22 THBYH VY JH (Young's lattice) EFEIENS. 0 FOY L V/HF o1&, Y27
Y DBRNTTIZ>TWS.

n OV TRBANS {1,...,m}~DEE, T 13 (4,5) » Ty €{1,...,m}
Z,{1,...,m}Z#E>7 ) L filling EFF,
3111213

1{3]2]3
9141

DEIXY TR AD T jFIBOMICT, ; #BEANB L Thlling T &
KT filling T R LT, TOEER A # T OF (shape) &MEXR,

ALD filling T DIET, Ty ; < Tigr g, Tij < Tijyy BHETHOE, PiEHss
(semi-standrad tableau) &FER. BA X T {1,...,m} 2Eo L EEBOLKE

Ezample 1.1. 3FDY VEBED {1,2} 28> = BEESIIKD 6 O:
fns(3) ovo . [11]1] [1]1]2] [1[2]2] [2]2]2]

Bk (2,1) Db - (L1 [1]2]
2] (2]

£oT d(g)(Z) = 4, d(g‘l) (2) = 2, d(l,l,l)(z) =0Tdh5.




Abn EOREEE TR AN {1,...n} "NOLEHITL>TND & SITEHER
(standard tablean) EFES. FEA% X DIREB ORI E > &<,

Ezample 1.2. 3FDY > VHE LOPEERITKRD 4 D:

o} H2 ) ATaTs)
_ [ 4 |

f& =1, [N =2 LI =1 TH3.

MpBEDBRXVY I ITRETH O T, ACp EWIELTVWAEEIZ, p\ X 2ETY
7B (skew Young diagram) &30 p/x EFL. FIXIE, (4,4,3)/(3,1) &

DEIIEERT. VI VREOLERRICEER R EEZERTHEMNTETEE
MRS (skew tablean) 72 E EIEEND, VOVRW AT N/ @ KEBD ZENTES.
RARER-OFEEROERICHEKZR > TH Y, ROMGRIL<ASNTNS.

Theorem 1.3 (Robinson Xiy). fEEDn € NIZHL T, { (P,Q) |P,Q; ;ygtr\l'@ﬂ{fﬁ&}
EXFREF S, ODRICITEBNDEFET D, FIZ, 3, . (F)2 =nl.

Theorem 1.4 (Robinson-Schensted *iiz). f£E®D n, [ € NIZHL T,
Abn,
(P,Q)\P;N?;bi,\d){l ..... U} BRI R, } E{1,.. 1} DaXFDH{1L,...,1}"
Q; BH X OFfEHES

DRICEEBEFNEFET D, HIZ, 3, ., fAda(m) = m™
Theorem 1.5 (Robinson-Schensted-Knuth X)), {EE®D n,k,l € NIZFHL T,

Abn, Ak xTH,
(PQ)|P:BNAD (1, 1} 2oL LEER 5 & ¢ A= (qg;;) a; j€N, DRENZ
Q mAAD{1,..., k) 2o pEEY ’ 225 0i=n

REENNEFET 2.

INSOEBENZBRT STV XA ELT bumping EIEENS 7L XA
PHIENTNS,

INSORX ETIHIOBREEX B1-DITRDFETY /B EH 5V VE
BDFNER—HETS.

Ao EORESE T ICHUT, ¥&T1({0,...,1}) BY VREKES>TY
. E5IT, A0 = (T71({0,...,i}) &BL &, WO 2D | AW) 3o M5
FDLIHI DA TV O TS Y U VRBOFIICAR>TNS I EbM D, MiZ
(@ =A@ XD AR A = )) END g ASEED 1T ORI TS TS Y
TRBOFNH L THEA SN EEI, T A5 (i,5) = L (if (4,5) € MO /A1 ) ¢
{1,...,n} 3N EOEERZEZ 2. COMETEER: o ASEED 1 5TOH
ATH2>TWBEY U REOFIER—8T 5. HlZid,

1221@(@,[153 L[] 7)

315 ’
DEIRFA—RT D, /2, uyNSHRED A ETIHETOBWA T TNE YL FE
BOFNIA/p LOBREEREFE-RTEIENTES,
{L....m}ZERVEALn LO¥REE T ICBNTS, ZOFET-1({0,...,1})
@Y > ZTEBIE>TWS. 561, T71({0,...,1-1}) c T-1({0,...,1}) TH




D, #BY UG T({0,...,})/T1({0,...,l -1}) KEBFIEL«1F LIS X
NTWIENWI EARDNS, ZOKR, HEINELZ1ALMFEELBWEY JHEE M
%Z7K¥F & (horizontal strip) LAV BT S, MO = T-1({0,...,i}) &BEL &,
Q@ XD AMY 3 g M SBREDEIIEALETOMA TN TVAEY UK
BOFITIo>TWB I LD 5. EEROLELRFERIC, o NOBEEDEFIE4
LETOHA TV TSV VREOF (o = MO XD AR A = )) 75
T:A={l,....m} ZERTDEEEERITLD, ZOMST, FREBE o 25
BEVEIIEALAIDEA TN TNE TV REDFIZR—RTEHIENTES.
Bl A,

34

e (o O H)

DEIIZE—HRT 5.

KZEHRODEKEETD, KYZVO/HBEEREETBRY MIVER (16, ¥
> URBEOHRNIREREEMOLT XY MVER) &5, KY LORRBER
(,):KYxKY—K % <ery a,\)\,zueyb#p> = ¥ ey arby TEDD.

KY FOBWEERU, DZ, A e YIIHLT,

(1) Ux = > i, D\ = > m

p AT 1 EmMAT we A WS 1 AERDERNT
#Boha v YEE "Jonza v UEE

EBBEIEDD. IOXIEDEEZI, U LD
(2) DU-UD=1

ESVH TR R L TWB I ERENDSND.

FIZE, Ure TO A F n OFREE, (2 = A X0 2@ A = )) End g
MOBEV 1T OEMA TR TNEY L VREOFIOREIZE LW SIXEEN S
bns. ZOXIRFNIHD N OBEREREFR—HTEIENTEREDT,

(3) Utg =) fA)
AFn
NHn5.

FFRIC, A - n IZH LT DA TO @ ORI, (A= A0 A \@ A0 = g)
ENIADNSHBED G ETIAT OB T TVE VU VHEDOFIOLBEITEL
WIZERERNSDMND. ZOLIBFIOEEIIHN )\ OBEBOBREIZE LW &
Nhhy,

(4) (@,D™)) = >

BAEY, KMLUTHRITEZ L bns,



XT, ZTT DWW EDWT, RT3, K (3), (4) 15,

(DU, o) = <D" > QJ>

AFn

=Y A (D") )

AFn

=Y f{fe,2)

Abn
=Y ()
AFn
255,

XT,—ATDEURK Q) D2EVDU-UD =1 &SRR EHRIZLTH
BOT, DU = (UD +n) DU = (UD +n)(UD +n—1)Dm2U"2 = ... =
(UD+n)UD+n-1)---(UD+1) EERTHIENTE, Do =0 KEEKTD L,
D U™ = nlg M5, o T, (f1)? =n! 2% 5%, THid, Robinson ks
DREEE G ZTWVS.

Stanley 12 & > TEH S N7z r-differential poset 13 Y LFI4RIZ D, U BNEHRTE
TDU-UD =¢I EWOHBRERZL TS poset THS. r-differential poset
BV TH, D & U OKHBEREAVTRBSBEA LTZ2ITSI I ENTES. X
7=, Fomin 13 Z D% % Eif %, graph @ paths DEA LWL EBRSZETD, U D
OBENZHED HBRRICH L THRBOEA EWT%{To/k2. £z, H%IT, KHER
DU —UD =7l DR 5 local BAMGZRDEDED I LT, EHFZHEKRL, T
NoOMA EWOREEER TS, 35 KHE, DOUE) = att!)UE)D(E) EW
S BEAK TENN-THBIFEZ# L TW3 & EIZIE, Robinson-Schensted-Knuth
SISICHYTHeHFZERTESL L2 LTINS,

2. ¥#5HE —ROBINSON-SCHESTED X &

& °C, differential poset D F{%E% Robinson-Schensted Xtix, Bl G FFEEBR O X
FTIIERAT 2L EER S,

KY EOBBERE Z e YITHLT,

(5) EX= > !
pr A DS EABLL FROTES BT YHE
ERBEICERTS.

D OB LR (E™)\ @) KEBT3E, 2hid, o OBV EIEL 1L HTOH
ATV TWBEY X TRFEDF (o = XO, A0 A2 Am) = )\) oRKETHBZ
EMEBEBNSDND. TS, (E™)\,0) =d\(m) ThdI&Mbhad. £/2 Eil
(1) TEELZ U EWIBBIERERE
(6) EU-UE=E
EWITHBIREHALTWS. ZOXBERNS, EU™ = (U + mI)"E™ H
LY (EmUme,0) = m™ 5. —HT(E™Ue,0) = (E™Y,, f*\2) =
Dorrn FHE™A @) = 35, fAda(m) THBDT, 3, di(m)f =m" 215,
U3, Robinson-Schensted MIEDHEEEE X T 5,

ZDEERERDIE T graph @ paths DA EIFELT—R{LT 2.



EMTST7MEAONIR, TOEAEY 28KET2 K-HFEMZ KY &8
.TESMNCHLUTAZBR (BR) &5 0F0#E (lAR) OMERIGEES KY
LD K-BHEHEZ LD (TO)EEFLND,

ERESHSHABBANDOER pNEA5NTWT, B e ITH U p(start(e)) =
plend(e)) — 1 MERILL TVNBEEIT, graded THDEWDI. Fio, HEDTL e IT
LT p(start{e)) < plend(e)) &MWL p(start(e)) = p(end(e)) M ERILT D DI
start(e) = end(e) PKFIZFRS & E T semi-graded THHEWNWD,

G1, G ZHBEDEAESZ B D semi-graded 727 7 7D/ E L, T Gy 13 graded
THdETH. G OLEDEEFU LG, OTOEEFEN, KEMEREU-UE =rE
EWlLTNWBETS. G D path ZEFERDO—KIL, G, D path ZEHFER
D—RALE LEBS ZET, BIFE LRABREAX LT G, G, D paths DA LT &
LTITDZ&EMTES.

72, Robinson XJ&D & & EERRIC, KHBAGR EU — UE = rE WRET 5 local
72 paths DIEZE DR EEHE S T ETLD global 73 paths DREEMEEEL, 2N 5
DOEALETIZHUTHEEEA DI ENTES. TRHBROEEEZES.

Theorem 2.1 (Main Theorem). Gy, Gy ZXFEDHRES 2B D semi-graded 73

T770#MEL, HIZG, X graded THHETH, G, OLEVEETFU &G, D

TOEEFTEMN, XWBER EU - UE = rE 2L TW5ET2. ZDLEE,

G1, Gy D RS-HE ¥ & skew shape S ICHLUT, {¢ : 0vS = G, growth} &
1y | @: r-colored generalized word on C(S), T S £ .

{ CH ] 61“5190, a_lcompatibi gmw(th) } DE D —%F—* s & ¥-compatible 2-

growthg:S - G ZHLUTHRTHIENTES.
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2-level WrELER BREIZ T 5 exact WKBIED iz
HiL K2R B iR

1 Landau-Zener DI

1.1 EBHEEOESR
K9 5 Schrodinger AR EE X 5.

d t ¢
zhw(t):( )w(t) (teR) (1)

€ —t

h, e BIEDQNERNIA—F LTS, ZOLZUTOMEREDZbD 4 DDM Y], o},
W, ¢h, B—BEICEFET .

WI(2) ~ exp{—£(£ + ¢ logt)) ( X ) W5(0) ~ exp{(% +elog )} ( X ) (t = +o00)

(t = —o0)

YO ~ exp{—3(4 +elog )} ( X ) V(0 ~ exp{k (5 +elog i)} ( X )

NS DfE%E Jost fE EIEA.
EE 1.1. Jost fFEMNSEEBRDITH ZBELITIEFEET 5.
(idn) = (W]5) S

“1“2)a¢5&

S21 S22

HL (1,1;‘11/;3) WE2DDFXT ML EWRETHEERT. £S5 = (
&, |sp|? 2 EBHEEREIIELR,

1.2 Landau-Zener DT
(1) KHL, ETREINZBBHEPIRUFTHASNS,
P=|sy|?= e~ (2)

N3 1930 FX#ID, L.Landau & C.Zener iC K> THELSNEHDTH 5.



1.3 EMRER
1.3.1 ZBHEE

FIBBHMREIMZERTZ202HATS. [1]

(1) DELOITFIOEEEIR E(t) = /2 + 2 THD. #ihictZ2ED T I 72N
bOEWERT > v VIR EERD, T2 DOBEHRE (2-level) DT HR)LF—%
rY.

E(t)]

€

T
A4

ZDO2HBMPBRBIADIERIIBNT, EERENBOLDLIHR (B ks
EMHTIENTWNS., ZOBEBNEOEEREIA2NEZEI2DONEICTETELU-BEBBERT
H5.

1.3.2 NZA—=H¢ h
Landau-Zener D/NF P = e ™' /b 05 ¢, h OYHEBIRIR ALK TS,

e: E(t) =2v2 + 205N 5L, e BFEATOIRIIF—F vy 7E2EKT. Landau-
Zener DRTUIHENTe - 0ETBEP =1&ERDM, ZHEFyy THAIITFN
WAEWEEBBREZVRTNENS Z&ERLTNS.

h: hZ2/hELTBHI LT, YENICRORMELZY-< DITT B EE2B%TS. B
THRIIBITHHRERICEINE, KEEL20- < 0TI T bbEEic Lt
SRBLEE, BERBEIRCIRINF—L RN ECEEELZERTENTVND,
Landau-Zener DARICBNWTh 5 0&ET2E P =0&RDDIE, BRMICELT
SLEEFREOEBIREISBNILEZERLTWS,

1.3.3 FHHEAH LD

Schrodinger HIERICWTET 2 h 13 Plank T EFIZN B EFITNIARER TH D,
INENSBNTA—FEBR LR 0E8ELDE, BOBEAE (TRIILE—) OBTF
AFRRRIEE A FOBRICEIR TS, 2% N.Bohr OMGER & WS, ZHizstL
BEERITRRITT 2 2 L 2 R H IR &N, exact WKBIEIZFDFEDDEDTH S,

EDBENSOPDEIITHEFIN ST A—FIIMRNT A—F E BT IEHTED.
T IURIT O & OF L2 BB LI EIC BT 2 b b T,



1.4 BROEH
1 BSENIE IS HERIT 2 BHEERL FERO—BRETH Y, ERHER (1) 34E

AIIZIE Weber O AR TH 5. 2]
t=h'z, e=hY% &L, (W' 1) =¢(z) ETBHE, (1) BRIy DHZEFOR

d T v
i2-9(z) = ( . ) #(z)

6(1) = (34) EL. ¢ BMETBE,

WCEETES.

£hla) (64 v* + %) (z) = 0

dz?
TITz=Vaels, A= P BBLHEREER, 6 () = w(z) EEEHABL,

Weber D A

d*w(z) 1 22 N
dz2 +()\+§-Z)?L(Z)—O
IZIRETESD. T D Weber DI HEXDIHE TH 2 BB Dy (2), Da(—2), D_y_1(i2),
D_y_1(—iz) DIEEZRIATS. BB D, (2) 3 TFOESRREENLEMEZ HD.

—2%/4 o0 )i
Dy(2) = ﬁ /0 et (/D=1 (ReX < 0)
e #1214 0(272)) in |argz| <37

{ e MAU+0(zY) - B N1+ 0(Y) i f<agz<n

2] = co D EEFEDER kEHOE FIZH > TED < DT Dy(2) DHBEEBNR
125D, z=o00d Weber DA HRRDAHERRE SR> THENHTHS. ZD
KD arg 2z IZ &K o THROWNEEH DA ERMN LT 285 % Stokes IR EMEXR.

Stokes HHRNE Z 2 58 IIIBO KB HMITIIRETH 22, KYEBEKIZIZLT

DEFEARBHENTNS.

D) \_ e S\ (D)
= V2R _—Aif2 i D_y_1(—iz2)

D_y-1(12) (-0 ¢

U723 THENTREBM © Jost R ET BME KRB TEREL, BHaick v #ELT

FlzRkd s &,
5 e uz*;@;%i e—Ai/2
2£§;;¢ e—/\ﬂ'i/Z e—)\m’

oTpP= ]311|2 Tﬁ%éhéggﬁ&gbi, A= —% £0,

P= |311l2 _ e—frv2 - e—wez/h (3)



1.5 [REE

Landau-Zener DAKEHER (1) OBELDITHI O ARSIt D 1R THLBNTT
Weber DA HEINTBETE L. TNTEMART Z—ROBEK V() £95LZ, &
DEIITEBHERZRONTE VWD ? D7 < EBED KD ICHRHERBIEIIME R 73!

2 Exact WKBi%
TOMEADEODT FU—F & LT WKBBREBEATS. WKBMER

p(t; h) = e?OMW (¢ h) (4)
W(t;h) ~ ij (t)h? (h—0)

i20

125 THBD. T I T ¢(t) & Schrodinger FRADITFINSERZD LD NEEKTH
0, TOEEXRT Ml w(t) 3—HHICEES. WKBEOREIE L - 0&£T5&E
Do wi () FEHBEIT/ZoTLEIZETHD. LALMDEDHTERAD I ETI
WEHDLIENTE, W(th) ELTEREDEZELIENTES. £ILTHDORER
B X DITHERR L T2 /F (4) % exact WKB & EIEA.

51T P(t) KM LT, MHBEE ¢(t) DEF % turning point EMFETY, Reg(t) = 0 Dk
5 % Stokes HIFR IR, T D & F exact WKB I turnin point 2% Stokes FH#R LT
Stokes R ZE ZF. DXV h — 0 &9 5 & Z turning point MFLITIR X7z Weber D73
HREATWIAEERFRAICHET 5.

SEIOVAEIIL, D exact WKB fEZE W T Jost fE%E XKL, turning point TD
Stokes HRITIER L THELITS - BBHEEZRDBILTHS.
FRE CIIMARD V() = 2 DBERXONTHRREZTFETH 5.

SE
[1] =Hfnk: R¥0F9E%, SI8mE%K% 11, (2000)

2] T.Acki, T.Kawai, Y.Takei: #REHMD HEIRIIH T 2HMARNLZOBA-5E2
WKB T H W A BB RO E-, SORMITHIZEATEZc8 1239, (2001)



A O AR R O Mordell-Weil #+

eIl Et* (Shinya Kitagawa)
RIERFREG HEHZER BLRE 2 F

27 MIERRERMITHE X OF BB C(X) 21 C LHBBIERTHD &
& X 2EEMEEIERS. UTFLES < AHMmOEAMEBRERNTS. FEBEK J
WRLT

Sg = {(zo: 21 : 22) X (0 : y)|ma® = Toy®} C P2 x P!

BB R NDHEDHIE 7 := pry|p, : Ty — P! CEDHEERKOEEZ LD,
d KD Hirzebruch HE EFFIEND. CDEZ 3, 13 P x P! 27z S0, £ED
T D7 7AN—TIZHEXRRK 0 QDU VHETH2. ¥, Lo ¢ THLT
Tl C — P 1 X 1 OFERICRDEE C & ¢ OYJETHMRE LN TIHHE
A={z;=2,=0} C Iy Id A’ = —d TH DM A LERDUMHRILETTREN
dUETHD. X NEHMEOD & E Néron-Severi B NS(X) W H?(X,Z) TR 57Z
V. NS(Z4) = ZA © ZT WD LD, RITFH p) :=prylg, : &) — PP WEHT 5.
A=pH(1:0:0) THH plsna i \A — P2\ {(1:0:0)} BRETH»S. 2D
KIZAINT MR EREFEFTEE S M5 1 KERk0T (-1)-dizs LANT
BHIED S ZHRER S DE2 7 0—7 v T EER Hi2 S Lo (—-1)-#i# E 2 1 RIZD
KUIEMS S\ E ZH#RLUTHE S ZERTIMBOLEE F OBHEIER. 0
& F NS(5) ~ NS(S) @ ZE MR DD, HEMEL P? £/213 £, OBREO 70—
Ty T THRLNS.

FREAHME X NP NORFERER f. X — P 2HDETSH. f O
T7AN—FBEE g>1 0N M) =X VEATHD, EQT7AN—% (-1)-
HBZEERVWEEIR, f: X — P 2 g ORI AR IR

X EREAHEME T, £ X - P SN Z O g > 1 O/ il
WMRET S, HHRD [6] RO [8] IZL7=A> T Mordell-Weil T OHEAR2
FLERE (ZOBRmBEEKIEL D —RORT TR D LDON) SEIORAICHEEL THEE
T3 K =C(P') &£B<. F @ Jacobi ZHMK Jp O K-FEEADIRTE Jp(K) % f
O Mordell-Weil FH#EMRER. O EE X BEEMELRDOT Jp(K) EEBRERT —X)
FEAD, ri=rankJp(K) & f @ Mordell-Weil ¥ EMER. F O K- BEBESOES
()&f@@%%ﬁ@%A 13X 1 ORISR HS. & P e F(K) ITHIE

*shinya@gaia.math.wani.osaka-u.ac.jp

THEREH -1 DY —< VA



THYWHEE (P) THEY. B Jp(K) OEACHETS (0) 2B E LR &
HED [6] XU (8] KBIBEERTA T+ 7RXAFERICLZBRRRRICES T
NS(X) 22—y RBFEARTEHTHS.

(0) & f DT 7AN—DITRTOBKIRATPERT S NS(X) DEHETE T TE
U, BB T EIER, HARICE 2RO RIIHMASA TEERBEIZIES,

EE 1 (cf. [6, B 1.3] RV [8, T 1]). BARLHFE
J(K) ~ NS(X)/T
MELET 5.

(0) & F THEESNBEH 2 ® unimodular BT ((FHROMIHED 1) % U,
RCP % fICKBT7AN—DNRERIAEERDESEBL. v e RITH
UT () = Ouo + 3 1000, ZERRFAHET D, TZT py; > 17D

=1

(0).0,0=1,1> 1 IEHL T (0)0,;=0TH5. ZOEERNEDIUD.

i 2 (cf. [6, B 2.6] RV [8, EH 3 &WES5]). T=Uo D, T, LERSH
T35, IITT,1H6,;,1<i<m, -1 L2 TESNIEH m, — 1 DATETS
BT TH5 LMo TEEL &0,

(¥ r=p(X) =2 =3 (m, - 1),

vER

727U p(X) = rankNS(X) 3 Picard HERT. HIZ f OTXTDO T 7 1 N—HEE
moidr=p(X) -2

1 OBRFAEERZ ¢ Jp(K) - NS(X)/T TEITHIITS.

%8 3 (cf. [6, #RH 8.1,8.2] R\ (8, #i% 6]). {TED z € Jp(K) KMLT(z) LT
MO p(z) mod T®Q = ¢(z) &I HERMER

¢:Jr(K) > NS(X)®Q
M—ENICFEETS. COELERIZPe FK) IKMLTIR

(P).©u
p(P)=(P)=(0)=F+> (Ou1,...,0pm—1) (-I;}) s :
vek (P)-e'u,mv—l

fltb I.u = (gv,i-gv,j)lgi,jgmu—l —C%é é 6 N Ker(<,0) = JF(K)tor 73)52 DYLD
EH 4 (cf. [6, EE 8.4] RU [8, BE 7]). {EBD P,Q € Jp(K) IKHLT
(P,Q) = —p(P).p(Q)

K& T Jp(K) LOMHRBBBRERETS. TOEE () 12 Jp(K)/Ip(K)w
EEERTOEEETHET S, IN%E f D Mordell-Weil BF & L5,



BT L =T+ C NS(X) KMLUT, TONEERRERD (-1) B TLORS
LT E L~ &EBL. Z0EE - BEEEEBET LS. —KICERT (M, ()
IR () ZERIC M RQ LORE (\)uge KIRTE DD, S5

M* = {33 € M®Ql<$,y>M®Q €7, Vy € M}, (;)M* = (,)M@,QG) M* ~DHIFE
EEB TOEE (M, )y) B M OWRHETEEE.

EE 5 (cf. [6, TF 8.9] RV [8, EHE 9]). f D Mordell-Weil #F1d (L7)* KA TH
5. BT F OTRTOT 7 A N—DEE7 51 Jp(K) 13 torsion free T Jp(K) ~ L™,
TROE Jp(K) 3B p(X) — 2 DIEEME unimodular BT TH S,

BERO—R T 71 )N— F OF Y 73— FEE Cliff(F) 78 1 LT D355 D Mordell-
Weil BTIZDWTIE [5] R (2], [1] BB B. £ I TR Clff(F) = 2 DHEHERE
1272578, FD S5 bielliptic HEERIZDWTIE (3] DEDTHB. SHITHFTHRED
HEPIZE [4] T F 2 Clff(F) = 2 D— OB OBHSITH, BABROMHBRKRETH
129D Mordell-Weil #F 224872, KIITDHRO—ETH 5.

Cliff(F) =2 MD g> 11 ERETSD. TDELE

(cf. [4, HE 3.1 (2)]). &5 BMBAOHROBEIIRD & > 1T hE SN 5.

R 6 (cf. [4, #E 3.1]). X WHERRAEHEETS. f: X - P & Cliff(F) = 2
TYWHRZ DD g > 11 OHEFMBNZHBRRET D, 51T r=3g+8—¢/3 LRE
THE GII3DBERTHD. ZOEE Sy X EDB LD E r KOEWID
5780 (—1)-UIMHIR ORI TH D, Qxyyrm(X) ~ Sy (0<d < g/6) THB. BT f
W2, (0<d<g/6) D AA+ (2d+ 1+ g/3)T| DELRIREAG R IIVDEIED r KD
ERfETHEONS.

EET. gld3DEETOLd<g/6 &EBL. MBE6IZHD T, DEERKIZAL VI
CRONIER g DHIFEKR - X - P! % (9,0,d) BOMBREKRE LR

B 5 ICKOXIET % Mordell-Weil #TDHBEIXROEY THB:

EIE 8 (cf. [4, EE 3.6]). (g;0,d) ZOHBED Mordell-Weil # FI13F4KL 8¢/3 + 8
DIEFEME unimodular #FTH D, £ Dynkin KK TEZ 515

2d — g/3 =0 (mod 4) DHBREIT K 1,
2d — g/3 =1 (mod 4) DFAIT K 2,
2d — g/3 = 2 (mod 4) DFEIL K 3,

2d — g/3 =3 (mod 4) DFEIF K 4.



@ 8g/3 + 1
GR02050050JOSER)

X 1.
% e 89/3 + 1
OROOENG
Q-2+
X 2.
% o2
-2
8g/3
X 3.
9 8g/3 -1
—_—
- - 0-0-0-0-0-O®@
X 4.
Jr(K) W{E%T Jr(K) W 3&FHEF
gmod 4 | d | Dynkin K | | g mod 4 | d | Dynkin KI¥
0 & X 3 0 {8 X 1
1 18 X 4 1 & X 2
2 i B 1 2 & X 3
3 & X 2 3 Gl X 4

—26—.



ZZTHOWNMOBEFIRITOECHEZERL, ZDOMHEHAEREMIETHD
DTONEN —1 THBEEZERL TS, ISHIBTOMBEUNL g—d+ 1 OEFIC—
Y5 HIZ Jp(K) id gmod 4 & d DEFTOMAEOEIEKEFTS (X1). TLT
& g AL TEBT EFRTUTS & LT 5.

LIED LD icEREOMERITH L TH Mordell-Weil #F 0 BRI EZE DM
Goni, FlZE (7] KAEShA XS RRREAOERER LBO DI ENIIFRICK
Eo TR,

SE3CHR

[1] V. Nguyen Khac and M.-H. Saito, On Mordell-Weil lattices for nonhyperelliptic
fibrations of surfaces with zero geometric genus and irregularity, Izv. Ross. Akad.
Nauk Ser. Mat. 66 (2002), 137-154.

[2] V. Nguyen Khac, On certain Mordell-Weil lattices of hyperelliptic type on rational
surfaces. Algebraic geometry, 10. J. Math. Sci. (New York), 102, (2000), 3938-
3977.

[3] S. Kitagawa, On Mordell-Weil lattices of bielliptic fibrations on rational surfaces,
preprint (2003) to appear in J. Math. Soc. Japan.

[4] S. Kitagawa and K. Konno, Fibred rational surfaces with extremal Mordell-Weil
lattices, preprint (2004) to appear in Math. Z.

[5] M.-H. Saito and K. Sakakibara, On Mordell-Weil lattices of higher genus fibrations
on rational surfaces, J. Math. Kyoto Univ. 34 (1994), 859-871.

[6] T. Shioda, On the Mordell-Weil lattices, Comment. Math. Univ. St. Pauli 39
(1990), 211-240.

[7] T. Shioda, Mordell-Weil lattices of type Es and deformation of singularities,

Prospects in complex geometry (Katata and Kyoto, 1989), 177-202, Lecture Notes
in Math., 1468, Springer, Berlin, 1991.

[8] T. Shioda, Mordell-Weil lattices for higher genus fibration over a curve, New trends

in algebraic geometry (Warwick, 1996), 359-373, London Math. Soc. Lecture Note
Ser., 264, Cambridge Univ. Press, Cambridge, 1999.

MEROTDOECHBIMER D L EBBT LI, T TRWE SR FEFRITI S,



A b D BEFR D gonality IZDWNWT
N N R e TP EH &

=t
1 B=E

REERMZIT B TRESHRE X Z2RARIEANBAED—DIL, X £EO
RF (SRKTT 1 OWAMREZERE) OBFEIE X OMBEERAZEVWIHDT
H5. RFDNEZASNEEEZ, KUkFERELTHAEEDAFEOD —
Hi(X, Ox(D))(0 < i < dimX) 7% 5.

AT X 3R EE C ETEZRSI N g OIEFFRE S 2 S
E9%5. X EORF DITHL, Riemann-Roch DEHE

h(D) — RY(D) =degD+1—g
(hi(D) := dimH'(X,0x(D)), degD : D DKK)

WRLOID. LS TIRIABEOD—MHEARBWRTFERARDENEEE
125, ZOXDBRTFE X ORERFEWD. BHEF DIZHL degD < 2g—2
TH5. HHERFIIOWTERDESWRDITROEETH S :

Clifford DEE. REHE X LOERTF DIZTDWT, 0 < degD < 2g 7251
2r(D) < degD MEKDILD. T Tr(D):=h'(D) - 1.

FIRRTIZB L EANRALRZ Z DTS, —Dlid gonality TH 5. Zh
WSHIAR X MO REFEERP O LANOROR/NREEL TEEEINS
gon(X) := min{degp | ¢ : X — P!, p QL5 ).

f5l. AL P (TEE0) D gonality 13 1, FEFIEIAR (%K 1) D gonality 122 T
H5. i

g > 2, gon(X) =2 <= X I3BMBEMHBE
TH5.



b D —DDALEII Clifford IHE &IN5, Clifford DEBEITEL D, FEk
KT DIzt U Cliff(D) := degD — 2r(D) QHEEKTHD. TITg>4D
L&, X D Clifford f5¥ %

Cliff(X) := min{Cliff(D) | h°(D) > 2, h*(D) > 2}

TEDD. Frg=230EEE, X AEHEMRES S CLf(X) =0, =5
THFNIE CLff(X) = 1 LED B,

5. HEE 2 LA EDHIFR X IZDWNT

Cliff(X) = 0 = X {JiBEFEM R
Clff(X) = 1 <= gon(X) = 3, /=13 X 1FIFRE T 5 Kih#R &[5

IR EMPLOILD.

CDEIDCINSEZDDALERBIIMHBEOHIBOEM S ZHIREELRS.
FIZODDOAEEICI

Cliff(X) = gon(X) — 2, £ CLiff(X) = gon(X) — 3

EVWSBIHERDH D T ENFSNTVS. LhL, 52 5N7=lliEO gonality ®
Clifford ¥ ZHRET 2 I LT —RITITIEEITH LW, T 2 TIHIERREN:
NERREER X NE<HAosn/zthm S LiIZH2HEEITDONWTEZS. LT
X OEK g2 EET 5.

Bl. (1) S =P2, BB X NIRRT d KFRD £ &, d > 27251 gon(X) =
d—1, £d>5725EClff(X)=d-4Th5.

(2) S = ¥, (Hirzebruch i, BI5 P* EO P R) Tn > 2D EE. i
Bp: S o> P ITHLUTa = degp|x &B<L. a > 2DEE, gon(X) = a,
Clfi(X) = a — 2 TH 5. 4

EDBILTHZRFEIZ DN > TWBHEIRDZNA, K3 HE = Del Pezzo i
HIZESHRIIONWTORRZENTENTNS,

FRRREHE S LORF D, D PRENFRETH S EL, AEORERTFE
WA UTDE=DEMNROINDIETHD. ZDEED =D EnS. HIEHE
S L ORMEHFHERDRE VS T A ML & Néron-Severi BE & L X, NS(S) TH
Y. EOZDODHEITIL, gonality % Clifford FEEIIBENRMEICEE L TAE T
HBDM, —RIZITFE D TN,



2 FHEE

E ZfEMehiR (B ONEMRKE) &L, n. S EZELDP R
ETB. aDT7AN—RIXRTP ICABTHS. 1D—MI7 I N\—% fT
FT. Ehr OBED D L HOXRAEDR/ND DD EM/NE &N, ¢, T
K9, e=-C2(>-1) B SOAEETHS. ZD&EHE S D Néron-Severi
BIROEDITKS:

NS(S) ~ Z[Co] ® Z(].
$HCof=1, 2=0TH5. S OEER K IZDWTH Ks = —2C, — ef At
FROIMD. £z, ELORFaDHRAIZLDE SNDFIERLZ af &K

BiZid S EDBER D gonality ® Clifford index ZIRET DI ETHS. il
D7z e >0 DHEBEERRDN, e=0,-1 THHELUOERIFONS. KT
COETIE X 14 S LD g > 2 DIFFREORBHEIRE TS, HOEBRq,b
WML TX=aCy+bf £72%. ZDEE

a=deg(n|x: X = E)>2, b>ae,

g=(w—D(b—%%>+1

MEROID. FFHEOEHX 2S5 B 2L Pl 2E A 52 EICED gon(X) < 2a
THDHTENDND.

Co

X/
— f KTida=3

IPl




EH, ghig X, B S B EFLOBED LT3, &

(a) b> za(e+4)

(b) e I3MBETb > Jale+2) +1.

DNFhh—DDN R E i, gon(X) = 2a, Clff(X) = 2a — 2 AEL D ILD.
E<IZ, e> 475 gon(X) = 2a, Cliff(X) =20 — 2 &£78%5.

COEBOBEHATZZEMATIE, Lofl&FE, S EDRED gonality
Clifford {5 EHEMRMEEOAICEI > THREL> TS, LBALAZEE e AV
TN EEITHERFINERDNS.

Bl.e=1&L, D:=Cy+ef (eBE LOXREK 1 DAY TF) &EB<. HER
ID| & (ME—DD)Em 2y 85D, a=341TKL, ZHEHEMR |oD| BT D
IR REAHR X 25 &
gon(X)=a-1, Cliff(X)=a-3 (X Wz, ZB3ELE)
gon(X)=a, Cliff(X)=a-2 (X MzyZBSENEE)

&5, ELIZ, BAWIEERFE TS 5052725 gonality *° Clifford H53
EHOMERN S LICETET 5.
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Ground-states of the massless Nelson model

ErxAR 1

1 EA

Nelson €713 “BFAEMBRTF & “BFANT— (R—R) B PYHEEALTWSRE
B THIEFNOVEDTHS. PEMITIE % & “hiF EOMEEMAZLERTIETIVE
INTWVS, Nelson EFIDONIN ST VZFEAEOBEETICARBECHBIEHZETHS
M, TOARYT MO FENEEETHSHE, Nelson ETFIIVEZEEREEZEDEW, £5Th
WS Nelson EFIIVIEEREZFFZ2WVEND. Nelson EFINOEERECHFEEOREIED
HBIERZROARY FIVBTOBETHS. F—ARTHEEEFDH A % massive Nelson EF
b, BN 0 DFEZE massless Nelson EFIN &I,

PP I N TS LS 2BAEEL, O Gérard [2] I3 EBDHEAERKITH L T massless Nelson
ETFNVPEEREZFDZEEAALL. £/ J. Lorinezi, R. A. Minlos & H. Spohn [4] I3%iF
DHERMEINTWTHRAGREND BHEIC Nelson EFIIISEEREBEZEZZWI E2THL-.
ZTUTA. Arai [1] 13 FRARFRERS > THERBBIEAZROKRABERRICE > TETNEEET
U Nelson ETIAEEREZ B EIDZEANH DI L2THLI-.

i, HILHIUL M. Griesemer, E. Lieb and M. Loss [3] TR & N7=4#% Nelson TFIVIC
BHTAZEICEST, RFRLDOHFIIDONT, RHTFONINIZT UNEOEEREZED
EWVDRE EWEENIC B AR/RRE 2V T massive Nelson EF ) & FEREFIE O massless Nelson
EFNOEEOEEREOEEEZRBICAHA L. Db OB RIZENTIE, EEERADHIE
IR FRAT S, ReBlH & U THEMICRHEER, RITH Coulomb BIART > ¥ ¥ L OHIzdH
BHE, bNONEBHOKEIIT,AND ST ERMEIRD massless Nelson EFINNELEIRE
EEDIELEAHALL.

2 Nelson EFILOERNTH-HEH

ERE T I2DWT, TORHEH, ARY MLEENEN D(T), o(T) LB ZEIT5. EIA
VNI H ORBEE /W AEENEN (g, |17 EEL. W (f,g)n 12 f KDWTRER, ¢
KOWTHEL TS, BEADBNOBVRORFEH 2EKLT (), ||| &E<.

HFRARF vV R, - R OBETCHEETD. KTFORED LI B ZERIIZ L(RE)
THOEL WTFOBONIN 2T > Hy 13 LA(RS) L BB ERE

Hy:=-A+V

CEoTHEAGND. ZIRAEIKEO—REINET TS T THY, V IZHKV € L2 (R3)

loc

TALEE R FE R EBREFFFEH [e-mail] i-sasaki@math sci.hokudai.ac.jp
BLRIFONIIN D7 OBERARY ML LGB WSS
B2 ZCTHBTITNTOLNNN FEEOFEEIZC THBET 2.



ENIHMTBERRTHS. H, OBCHEERZEWRTIRAWY, HEEHNLI FADRT
YV IZHUTIR H, OHCHREIREZN TN S,
DEWEBTANS—H UTF, BEFHLEL) ORBOLIA)V FEMIZ LYR]) LORY > -

77y 2
ﬁ,:@)k@L%@ﬁ

n=0 s
THd. I @IREINRIVNEFROEM, QF bV MEMD n BEXHT VI EESHSD
T 2L @) =CLEHTH. " ZnHTFEMEVL, nBORY OREZTRTS. &
FHEFONIN T VRUTFO F, LOBETHBREAR Hy(m) THASNS :
Him) =080uw,oude - oule.. |
WLZL] =Wy @I+ I & wny,
Wl =0, IR I+ T Qua®T+1® 1 ® wn,

Z T wy B VE? + m2(m > 0) 2015 L2(RE) LOBRTEERARTHS. WEKITIE wy
BREFHEORBRTHIRYONIN T, m>03KY COEEEZH5DT.
RTFEERTHOREOEIINAJL M2 H 1T
H=L*R})®F
THY, RHNFEBFHEOMEERANIVWRONIN =T iE

H,®I+1® Hf(m)

THb.
&fe LR} KMLTF, LOEMFEo(f) EROXIITEETS :

D(a(f)*) := {¥ = (T2 € | Y (n+ D[[Sar1f ® T™|? < o0}

n=0

(a(f)*T)"D) .= VT 18,1 (f ® T,

ZZR Sp(n=1,2,...) BB MR @ L2(RY) A 5 Z OF 4 ZERM QT L2(RY) ~NDEHF

ERRETHS. alf) ARV L EREREEFEATNS. off) BEERRTHS - EHE S

NTHY, TORBIEME a(f) = (a(f)") R S MRERRSIEENG. £, FORRE
B(f) = %(a(f)* Tal7)) (1)

HECHETHD ZLAMSNTND. A > 02VEDEETS. &z e RIICHLTg(z) € L2(RD)
%

o) (k) = e X0E) ke @)

%3 girbht

®TLA(RY) = {¢ € L* R |W(z1,...,z0) = Y(To(1), -1 To(n)), 0 € Sn,z; ERR,j=1,...,0}.



LEETD. T (k) k| < A DEBEEEHSDT. J0 A BEAINEFIND. &
z € RS ICHLT 7, LOACHRBERE o(z) &

KL TEHT .
B~V MR H

#= {0 e Map(Rs > 7)| [ 19(2)]3, e < oo},
R3

EHRICE—RTHIENTELE, LUE, e HIRHLT Y(z) EBVELER, ZOEIDOE
BEOTOERTHRNT D, H LOERAK ¢®(9) ZRDEITEHRT D .

D(°(e)) = {¥ € H|¥(o) € D)), [ 1@ @ de <00}, (@)

(9®(9)¥)(z) = ¢(z)¥(z). (4)

P(g) RENANFEMH LOBRTHEBEAETHS. STRTFEETFENMHEEALTNSR
DODNINEFZ7 > (Nelson EF)N ONIN =T ) &

HY =H,®I+1® Hf(m) + A\$®(g) (5)

LS TEZEEND. TIRANeRIBEEERTHS. m =0 DFAE % massless Nelson ET I,
m > 0 DS % massive Nelson TN EWD . FERIEEIE D massless Nelson EFIVDNI )L b
ZTY 3B TERETS.

[V.1] B% W, € LE(RE), Va € LO(R®) MBFHELTRF o vl V id
V=WV+VW

ENRTEDERET 5.

UTF, ZORE[VIPRILTHBHDETS. Nelson EFIVTIE, Kato-Rellich DFEEIZL >
THY OHOEBMEZMBICEHT I ENTES .
i 2.1, TRTORYVOEREm >0, I A > 0 ICHULTNINb=T > HY (IBECHE
TH3.
HY MECHRERARTHZLE HY ORETIXIILF—%

EY(m) := info(HY) (6)
KE>TEHET S, ROEEIFNF—OREXIBREREOEELGFOLDIILELLSD
EE 2.2 HIFONINPZTY Hy = -A+V BADIXNF—DRERELZEDERRETS.
Thbb:

Hp'Qb = _60¢a ¢ 71: 07 eg > 0.

ZDEE

Ev(m) 2 Eo(m) — €
MBRITS.

BERICIITRTOE € A, KHLUT(E, U(z)r, Rz OFABKTHS &0 RENLE



FEE. V # Coulomb 3IART vl of|z], (o < 0) DHE, H, AKBETFONIIN T
LRICHARDTADEEREZRDILRL<AMSNTNS.

KiZ, B0, 0 ERORHEBETHHDETS ¢

(i) 6€CP(RE),0eCPR3) THY
0<0(z), 6(z) <1, (z€R))
9(x)? + 6(z)? = 1.

(i)

<1
0 |z|>2

R>01Z6 LT BI% 05, 0p %
Or(z) := 8(z/R), Or(z) =0(z/R)
WL TERTS. UTF, KE V1) IKMATOEDRE [V.2] BEIALLTHD LTS .
V2] EBD Y e D(-A)ITHLT
—(Or, VoY) < (Ort), (—erD + dR)0RY)
E7ixs. TTiTeg, opid

lim eg = lim dp =0
R—)ooR R—)ooR !

E12B Y LBV IEEDER.

3 Massive Nelson €7 )b
Massive Nelson 7)1 OEEREOEEIIROEEIZL > TRIEEZND

EE 3.1. m >0 (CHUT EV(m) < BO(m) RETS. [V.1)[V.o) £RETS. &= HY I3
HEREZE HD.

EB.RTONINZT Y Hy MADIRINF-DOREEREZFDET S & Theorem 2.2 &0

EV(m) < EYm) BRI T 3. #ICV 2 Coulomb BIART > ¥ v VOBE, HY FIREREZ
R,

4  Massless Nelson EF Il
FEm>0ICHLTH OIS IERT, %

Ty = eXP[_i‘I)S(":g(O)/wm)]
KEoTERTS. ZDEE

TonH ()T, = Hy(m) ~ 84(9(0)) + 5 9(0) /el ",
Tnd(z) Ty, = ¢(x) + Im(g(0) /wm, g(z))



MEROIID., LENRSTm>0ITXHLT
HY =(I@Tn)HA(I®TE)

=H,®+1® Hy(m) +4°(G QHQWH +Im{g(0) /uim, 9(2)),

T ZIT ¢®(G) 1 (3), (4) Tg(z) DRHVITG(z) := g(z) — g(0) > TERLIERARTH 5.
ZDEEFZED m — 0 DRI

H = H,0 I +10 Hy +¢°(0) + 1| L0 + tm{g(0)/w,g(2)), ™)

THB. T Hp = Hy(0), wk) = wo(k) = [k|. TILTHSNAMAEHY 3 HY L&A
HERETHD (THSHR).

I®T, _
HV(m) _____ " HY(m)
1T
m m
1 !
0 0
HY(0) # HY(0)

HY MIERBERE®D Nelson NIV hZT7 > TH5.

T 4.1. £ [V.1)[V.2) #IRETS. EV(0) < EY(0) LIRETSD. ZDEEFHRERRD Nelson
NN =72 H GEEREEDD.

B RITONIN T H, BEOEEREE D L&, Theorem 2.2 12&> T EY(0) < E°(0)
WERROILD. B2V M Coulomb BIART v VOHE, ERMEERHED Nelson NIV =T >
FEEREZRD.
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Complex constant mean curvature surfaces

fibered by minimal surfaces

P RZERZHEARZER BERERT 3 & W BT

1 (ZC#IC

C O, 2 2 NI IRAZE Josef Dorfmeister B, ¥ HF a2 —+t v
Y RZD Franz Pedit B & OHEFAMFICED . TOEEOBMIE, Tk
R—EHEO— L U TEX NS BRI OO RTEMIITL ZDHE
FEMZEL T, O FGHhE—FEihmE & 2 T 5EMN 28/ i & D
HEEALMCTEETHS.

T R—EMmi, aemiie L TREEN2HMmETHD, GREESE W
HEEICE > T HEINTHE (12) RZOBE A SIR). K Figih
FHN0 THHNEHER, FERICBAICHEINTED, BOERNESNT
Kie. —7h, FEEEREN 0 THRW—EOME (L THHIC CMC(Constant Mean
Curvature M 5) Hh & £ .5) DML, MEEX TS HRINTHKZLWEE
I ote. UL LED S, EEFETROMERD CMC i, & A IEHA
MBROWAFIISHTEZENDD - TER ([9) ZBER).

C DERIEZHT, Dorfmeister-Pedit-Wu([8]) IC & o T, CMC HEZHERK T
BAED, W—T8, EIROAEZFE->TENE. Thid, B dEhm
0 Weierstrass DRIFAHTEALIT 2 DT —fRIL T N iz Weierstrass DFRIF
KN EMIND (Hi 2 Z58).

C D—RALE N7z Weierstrass DRIEAREHEL T ZFFEICH VT, CMC
HHE OE R EAND BRTILESENNS. LU Dorfmeister-Pedit-Wu i &
BAEDRKENGHPAL —DOEEZFEHE (B 2.2) #Hi 2 TR 3.

! Weierstrass DFRENIN & i
21 )
(1) Re [ 270-9)5f(+a)fs dz €R,

TEREIND R AORMIEERTRANKTH S, CCT f IXERIBL, ¢ REENEKTS
%. BRI, R3 AORBRINE X2 T Weierstrass DRI (1.1) TEHEE NG,



2 Dorfmeister-Pedit-Wu lc KA FE

Dorfmeister-Pedit-Wu([8]) ic & » T, HEERE D C C 15 R3 NDFg
HR—E (LT CMC) I3®iAHAE, LITORIC 4 DDA T v TIC &> THES
ns.

Stepl : MARDH A € C* DEEM, IERAKIH A € C* OFHMHD A
KT 27—V TRBEMAD A M SIEE 3 2 x 2-THMEERIM ST
K= Az, \)dz BEX 3 (twisted s(2,C) V—TREUMER EDO—TE
). THIT Az, A) 27—V LRBERM LIz & £ ORYOFREITHI%
Ay & LTz %, detA_ 0 THBLINET 5.

Step2 : MRUEMPAHENIC = Cn Z#R<. TTITCRINV—TEICEER
7.

Step3 : JRC KWL TEBDEC = FW, 21755, TTTF = F(z,))
B2eD, AeSHICXHLT SU(2) DfE%R & % (extended framing & P
Eh3). 6 W, BTV TREERM URIC ) OBMOFREER
feixu,

EE 2.1, ([8]) A e S LOBRICIWL T F RTNhEFnd 3 Figth=x
—EHE H # 0 D framing TH 5.

Step4 : Sym-Boenko DA ¥y(z) = — 55 {(LF) F~1 + FL(§ o) F1}
W FZKATS. COFEIE D M5 R = su(2) ND CMC iZHA
HERIRTS. EHIKETD CMC EHIARL, FEROAFEICE->THE
5Nn3.

Remark. ER|—TERX n (ERIFRT > vV ERER) &, CMC IE&ARITH L
T—RICRE B\, [R5, ¥ —VEH G, € A+SL(2,C), DFEHED
FET B, e, WRTERDE CICH LT CGyL EENRZECT, BL
CMC lIDIABEEDS.

CDFE, FHathR—EmIc Tt 32—t & N iz Weierstrass DR
NEMEINS () aE D Weierstrass DRBARDO—MRIL L WS BlEH 5).
HAS M, ETRENIEAER, RIE—BNTHS. 1F—DOFEMIE, 8§
BEMDARERKXOMR C OFHRGEOIMD A TH5. &L, CMC I3bhARIC
WIS B 0% NELLST BARELIE, MIHIEH% C(2,)) =1d, 20 € D
EESBNTES. ARLEHMS, —RICIE n OBFNLBU S IR -
TV, €T, TEBET TRV 9 BBATHO ABEROTIELEE S
FLESBILE T, EUHEELD CMC IZDABEER T 22BN TE S
([3]).

n DBEVHZERTHS. (8 Ick->T, HEEEE © LOEA 1 BR 4
DRODICEER 1B ¢ = AU BBRE (ERAT Vv L) BHESE



RFVTvib EHRENDIEAEIERE | FHEITH O
EARF v, g M, IEH] 1 { )
ERRFIvIV, € D, HHE 1

IIWI—=FrRTUT¥I, ¢ D, A 3

XLIFAVRIMNI—VAMEDRF VY VEZTOHFM (DTMD
LEBEEEEZRT). IV FOFEE, ERIRT Vv LoRbDIicEE
W@ﬁ%y/vwbﬁ5

WRENTVWS. TITER 2L EERWERM 1 ERTHB. 6
Clzo, ) =1d ZEREILE T, D ED & = A"1€ £ CMC iddHAHD—HT
—DEFRAHSENTWVS.

BRAZENE, U=~ 2EM M50 CMCIIIHDARIIIIGT 2T —2 7
Rk € WEMICRAETHS. o7, FREMEEREDRT vl %
EZ3FEE, CMC Li&‘)i&&b“%ﬁ?&%@@ ORI TRV —<E M
IS TEEEINAZDICIDEL LN ETHS.

V—<2E M 75\312:1/1\7 FDIBE, [5] TRENTZRIC, 2TOM b
R3 \D CMC 3 HirHE, M ETEEEINBEART Vvl n 5 —fif
{b & N7z Weierstrass DRIFNKXEZR THEONBBENMNLNTWS. —F, O
VI P VEORE, FAIRT Yy n B M ETEBETESDIT
Wiz, (FERETLT2EMETEBRENS)

Rl 6] IC &Ko THLUNEEEDR T vV (TIVI—bRTF I %I
ERER)YBMREREIN —RICCORT YUY IV (R VE M TEEZ
NBDIF TRV (BERKER D TERIND). L LAENL, CORTY
IV RERBOEMITO 1 DICH LTI, BTABICZZRICL 2N
TEHHHMENTNS.

COHFLWRT Vv IV2EAT HHET, BRICHIHE—EIEHIAZD
R 2EBADIENEZ N3 (FIET 2IERERMS HER sinh-Gordon
T, EHEIL, 5% sin-Gordon AERICY3). Thick > T, PHthR—
FERNE (£ 2 2RT) » SEHRME (HF 2 XT) “DILENEZI SN 5.

EE 2.2. F(2,Z,A) % CMC Hif[ic X9 % eztended framing £ 3% (Step3
ZBM). TCTzeD, DIFHBEEREHL TS, COBF, F(z,2,\) ICHLT
U(z,w, ) LI BIIRVFET B, TIT (2,w) € DXD DD U(2, w, N)|pesz =
F(z,z,\).
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FIrEATEXOBROIMARE DD

RRAAY AT EHIIR
HERREEY AT 10

1. Introduction.

KDO—KAT 7 7 VR (P) DRBEDIMLEHEE X 5,

1) w(z,t) — ug(z,t) = vP(z,1), (z,t

) )€ ()0,1(8)) x (0,T),p > 1,

2) uw(z,0) =up(x) > 0, z€(0,),
) [0
)

CORIPA u(0,8) = 0, w(l(t),t) =0, t€[0,00),

4) U(t) = —us(I(8),1),1(0) = I > 0, € (0, T)

—~ o~ o~~~

O (P) M LTI p> 1,8 > 0,u0 € CY([0, 50]),u0 > 0,
with u(s)) = uz(0) =0DEE, u>0&'(t) > 02T, HHME (u,s) —FEH
HEETLOENHSNTNWS, FIXIE. Souplet & etc.[1][2](3] ZR K.

KD Scale Transformed B ZEE X 5,
vy, s) = e/ Dy(ely, & — 1)

TRHb,
u(z,t) = (1+1)7HFDy(

, log(1 +1t))

VI+t
ZDEZE, vy, s) . KD Transformed Problem (TP) Z#i/Z7.

(1" vs(y,8) — vyy(y,8) = 7(y,9)), (y,8) € (0,1(2)) x (0,5),p > 1
(TP) (2) v(y,0)=wuoly) > 0, ye€(0l),

(3)’ vy(O s) =0, v(l( ),s) =0, s€(0,9),

4) I(s) = —Cm Dy, (I(s),5),1(0) = Iy > 0,5 € (0, S).
ZZT (s):= Il(e*—1), S=¢T — 1,

LUFT. (TP)(7272L. p> 3) DfRv(y,s) T,
C([0, S[; L(K)) nC([0, S[; HY(K) N LPYY(K)) DT T RIZET % & D Dl i) %
BB, |

2. Notation.
2
- K(y) := exp(i§-)



P(K) = {f;/ |f W) PK (y)dy < oo}
‘H( ) = {f € L(K); f, € [*(K)}
W= {v e H'(K); J(v) < d,j(v) < 0}
V:={ve H(K);J(v) < d,j(v) > 0} (B J,j I DWW TIIREFN)

)
0<d= inf maxJ(\u)
u€H(K) A>0

3. Main Result ,

TEREp>3DHEI, UFARILT 5,

(1) up € W5, (TP) BLU(P) IkDWT, HL-ARBKEBENEET 3,
(2) up € VIzHIE, (TP) BLU (P) IZDWT, H-ARBKEBMIIEEL TN,

Rem.1 < p< 3DFEHEEMI—2—MEEE-> T, BEY 1 7TOXBBIEEE
VR D 3LT=7a 0,

4. Phase Plane.
Y. H'(K) LONBEEZENS DONEAT S,

Lo 1 e .
—AW(s) =3 [ oEs)K dy - 2(p_1)/0 PKdy < HY(K)/VAICHY
(cf.Prop.2)

—F(u(s)) = 5 [ PHK dy < DPFUK) VLK

—J(v(5)) := A(v(s)) — F(v(s)) < IRIIF-NBEEEEEN D, (cf Prop.4)
—j(v(s)) == (p+ 1)F(v(s)) — 24(v(s))

Wiz A(v(s)). BZE F(u(s)) & U7, BEEEEET, #Fo(s) DEFZEZ I OYH -
TS 5. bhrbid, ZOFEHEDEZ Phase Plane EIEATWS, (K 1£H)
Prop.1(Poincare Inequality)

1 7l i(s)
5 /0 K dy < / wKdy Yoe H(K)
0

PT'Op2 p>3®&é‘§'\ IE%%[C& (1:.02 7b§ﬁEbT\

0/5(3’ 2(5)K d <1/Z(S) 2K dy-—— [k gy < ¢, [ (5K d
1) vls y<5 ) uls y—2(p_1)/0 v y < 2/0 v, (s)K dy
[=n-:ﬂﬂ] Cy = LIZHA 5 M,

L 02K — iy B9 K > 5 B0 0(s)K — 5L 1 w2 (s)K =

p—3 l(s)
2(p-1) 2( )



H->T, C = p_31) & U T, OK!(since p > 3).
Prop.3(Sobolev’s Inequality) p>1D&E,
- i(s) 1 1 i(s) 2 1
([Toik d)F <o o)k dy)h
0

Prop.2 & Prop.3 Z®EDFITLD
(p+1)F)™ < CAW)} (22T G=CxCfEThZEwN, )

5T, A(w) > C2(p+1)#F(v)#1 L7120, Phase plane LICAHREHO X5
R EENB 2 ENDN S, (K2 BH)

TRV F 50 5 DR

(1,0 = /l(s) 2Kdy+§e“"‘*‘“-l"'3<s>-e-+:———J<v(s>) (1)
i(s)

(sv)ow = [ K dy=i06) @

Prop 4(K 3 ZH)
J(v(s)) HEFRAEAD, (TRIVF—FKX (1) h5HSD)
* j(’U(S)) 2 0 O)ﬁEﬁJZT |U|L2(K) biﬁif"]ﬁbﬂo
7(u(s)) < 0 DIRILTIZ. ||z FFERARAD,

STABLE SET & BLOW UP SET D##5K
X 4 2.

5. Proof of Main Theorem

(1) J(u) \y KDEHABN,

(2) Kavian[4] & FERR/ZZEBRICE D, J(u) < 0 A BLOW UP 3Rt 5.,
RiZ, Vn{J(u) >0} iEIN?
Souplet[5] DKRD Key lemma Z D,
Key Lemma p>1D&EE. Ty = +oo 1251,

2
p—1

L£®? Key Lemma EfEQEGMELD, vy eV = Blow up!! 2>,
QED.

) 200 st Fu(t,) —

J(v(o0))



Proof of Key Lemma

i(s

f)w@mwy - ﬂ)&8<

0

J—M;ﬂs = %/ / T)K dydr

= //l(T v 0K dydr
< ([ QKdydT%// VK dydr)}

1

< (Bo(s) - B(eo)) ([ f(5) de)t
(REDAEFERIT, TRNF—EK (1) & E(v(s)) BHABDOTH D, hD, FicF
RTHBELD, #3. )

|»—n

Z DFHEN &
f(t)zo(t) as t — 00
—7h. TRIF—FHK (2
i(t) l(t) I(t) 1 i(t)
%%_/0 VK = —/ / v”JflK +ﬁ A vV K
i)
=  —2B(u(t)) - E%I/ PHEK
-1 l-(t) p+1 X
= p+1/ VT K - 2E(v(t))
Mz 1IN5 T+ 1 i'ﬂﬁﬁ?%%
1 B _ p-1 T+1 pi(s) i ~ T+1
SUT+)-10) = B [ Penras - o [T Bww) @
KT, G, EXEERLT,
T+1 ri(s) 3 p+1 f(T+1) - T+1
T/ / B — 1( 2T T/

ﬁoT\ﬂﬂ:dﬂ&E@MP&ﬂmeT%é$iD\W@iﬁﬁﬁ@éﬁ%@
o355 {t,) BRRENTE S,

i(t) 2 1
/0 Up+l (pp_—l_l )E('U(Oo))
Q.E.D.

it X 1-4 ERERIC, OHPICTHRETAFETT.
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On the LG quantum link invariant

Atsushi Ishii

LG % I8 (The Links-Gould invariant) (3#8HH D 2 BB IHEANTEE
THB. TTTHRAHABLIEVSDOPOAAD SPADEDHABDT LT,
ROFIEHAEN 1 DIEHE (FUB) ZRLTWVA.

C£l> C $3 =R*U{oo}

wHBEIEMZED L TV o TRUEIKER TES L A UEAE LB
T, Lo T—D0RBEICH LTZOER (BBEXAT VS5 L) X
ERICH DD, COEMZICT Ta—F35—D200kK%k e LTLG ZER
EMEINBIBAEDAEERZRAVS. HIZIE

LG (CK‘) ) = —tht; — tots + 1t + 2oty + 12 —tg —t; + 1 (1)

THO, COEIIEHABEDERNCLSTICHRE S,

LG ZHAZBEFA—/—RBU,[gl(2]1)] D 4 KTRIAD 1 B k% H
WTHERENS 6] CORFEZANVTEREINSI WL DHhDREE SRS
WWHBEAT IS LZMRLTTELEZEE—AIHISETRB T LICKD
LG ZHAZRDBENTES. HIZAIE, KEIKIERITHIEMIE NS KX
? Yang-Baxter FRINOEZ IS E € 5:

(R®idy)(idv ® R)(R®idy) = (idy ® R)(R®idy)(idy ® R),

CTTVRART MIVERZRL, idy TZTDEEEMSR LT 5. Yang-Baxter
AERERDEAT 75 LIS L TN5:



CDEAT TS LOEIICHMEE > THWEXEEDREDELDZ XY
FIWERER BAHRERER Y TIVITRICRENZFIT A LICE>TREZR
EZHTLHNTES. BICLGEERNIIAEMNISNIRAEDAREET
H5.

LG ZHEXDOBE, RIFFVIOY A X3 16x16 L KEL, ZDFTEICIEH
HEELE. ROGEILHERATrA4 VEGRRERWS T L TTDOREER
BRTECELHNTES.

Proposition 1 ([3]). LG 2IEFKUIRDZDD AT A VBEHNZMI T
A7 A EER (1)
LG (><) + totlLG‘(KX)
= (to+ts —tot)LG () () + (bo+ 11 — 1)LG (X) ,
A7 A VR (i)
G(Ej) LG(XY)
= (toty —to — 11 +2) LG() () (tot1 — to — t1 + 2)LG (/\) .

2 A VEMRR & W DD DIEH B DOEDBHRIND T & T, TD#EH
B bld—EEZRWT—RITEEIBEZAT I LZFE>TWVB. A7 A
VERRERWAHIE UT, nBERIEEIRAE (ZDDEHIC BT 5 L5
ﬁﬁ%/77A%#0%$E%DUG§Ef®ﬁﬁOEﬁ%L8%%Tw

. AT A VEFHRD () 25 (1) Z5K T2 TRD AT A V%
ANMEENS:

totn G (\X) + 26 (YO
= —2(to — 1)(t; — 1)LG () () + (tot1 + 1) LG (X) '

CDART A VERAZERANS T & TROMDOEHBICH L LG ZIA
DEDEBINEFONS:

t@ﬁG(C@C@?ﬂ+LG(C®O@>)
= —2(tp — 1)(t; — 1)LG (@) @) + (tot1 + l)LG(M) ,

T @ @ BZODEDEEDRVTIVERL, FORICEMEEZA
FLTWA. 1, 2, 4 HBICAILKAEMNENTWA I LICEET S L, B



BZEMNOICEBT LHbND. LizhRo THBATEERA B D LG ZHAD
EIZ0TH5. |

ZOFOESCAT A VEFRRERAVS & T LG LIRADKRR &t
BRPALMITHTENTES. BHAED LG ZHEADEZ KD BHEIC
8 A7 A VEMRRIEEAT, i (1) OED A7 1 VBF%R (1),30) 2RV
TRHBBENTED. A7 A4 VBEFRORRIC L > TLG ZEADH
RITIKIBICHEENTEZEDOTHS.

De Wit, Kauffman, Links [2] (3 LG £ERXD RITFIZARNICE X, W
COWDEEICK> TTDREENRANTHA L ZRE LTV &
51 LG FTERERD_DOEZZRIHFHT S Wb >TWna: 10
RERETOELRCE (1], OV DN DOFRERTIRERITEHWFET
BRERICEALLELEUE EMENSEK (4. CORIC LG ZHENTHE
HEAEBTHIN, BEOWHETIZZFDHNE LD BV DO DOEKIE
WEBICERMETLENTVS.

274 VEMER (1)) BERTE T LT 28Rt &t ORDOXFME
IR DL TENTES. TOTEERDFLNRDIUDTELZRELT
W5:

LGL(to,t1) = LGL(t1, ), (2)

T T T LGL(tg,t1) i EAEHE L DLG ZIEAZRLTWS. TONFRER
TLIYVE—SZEAOERNLRADPEEV. 7L 7T -2
N AL() iEHE LOZEEAERTH D, RITFIZAVICERLINCE
BRAGAETERES NS HHNENEETHS. LGEEARI T LIT Y
F—ZERD 2 EH—RIED—DTH D RDEENHKDILD.

Theorem 2 ([5]). FEDIHB LI L TROFESHKD ILD:
LGp(t,—t™1) = AL(t?).

CORELD LG SEROMFE (2) 127 L 7YY F—SERD B B4
FERE . DE DEEORBUH K 1 L TROSER D 11:

Ap(t?) = LG (t,—t7Y) = LGx(—t71,t) = Ag(t72).

=i & mEDFS T Theorem 255, EFDESIT LG LIEADIFME
2)hoEINS. COFARBELERNEDIEICBE L/ ZOFHD
WIMEZR T, 7L I Y U F—ZEROBRMAEAENICAS T Ltk



CHIONEEETHD. COHEOMILERIC1 ZRALIZEZDHE
BEETHS. 7LV E—2E0GE, Bt IC 1 Z2RATH L&
%E@ﬁﬁﬁwiafﬁﬁ%iﬁ%ta
1 LAFUBRDE Z,
Ap(l) = {

. (3)
0 Fhi ok &,

C OMBEITHIE L T LG ZIEADFRITIERDEGENR D 11D.
Proposition 3 ([5]). RDLAMNAD 1L D:

| 1 LHBMEUEDL %,
LGr(te,1) = LGr(1,t) =
i) L(l)'% ZRLSDE X,

CONRIICHBENVTE I —FDERIC -1 2K AT 5 &, Theorem 2 IT &K
D, FLIY U E—BEADHEE ) METINE T LICEET 3.
TEIC 1 ZRA LI EEIC LIS, ZERNOFRHIAHFICENS.
COZDDOHBIRIEUCEDOT LYV E—ZBIAXNZHHMOT T3S, DX
D A1) =1& Alt) = At BRI TEEDSIA AL) € Z[tF]iTxf L
T, HBREVE KHEELT Ax(t) = A[t) LRBDTHS. flaE [N s
Bock. 7Ly E—L2BRO-DOMEREFNFNXNILT S LG E
EROUBICBEMZASZCL T, BRICROMEREZEZ AT EMNTES.

Problem. A(to,tl) € Z[t(:]tl,tlil] 73:’.' A(to, 1) = A(l,tl) =1& A(to,tl) =
Alty, to) ZIGT- T 2EMBIERNEL T35, TDEXE LGk(to, t1) = Alto, 1)
2l dHUHE K 3FEET 507

AN E A THEUTEDO7 LY A —ZHADHEIC DN TEER
5. AU E & IZME I LIz L 2B O NB ORI TORT
HERAIUCEDIKRZHETEOI L THS. £RLATHBUELRIFET
B ZOHEENECLDICEKZEUTEHDT L THS. K ZAHENEAT
BREUELT 5L, ZOFBUBEIN L THBBEN A, () € Z[tF] HEE
LT Ag(#?) = A (DA()) EREDEENS. CTORBIHBLTLG
ZEADFEICY, BUEZ 2BETE LMEN BT BICHR L 72 XkD
EMNGAEN TN S,

Proposition 4. K ZA[#MNL A2 TR 2BEUE LT3 L LG.(to, 1) €
Zltg 17 BFE LT LGx(to, t1) = LG.(to, t1) LG, (851, t71) HEL D 3T D.



7L X —ZEREIRAN T A2 EBRLGAETEREINS
M, —HO LG SEAIIIARBAZERZ LML TR, EICRTE
72& 51, LGEERRT LI A —SEADEAZ S 2 R —bew
ST TIREL, WS OHhOHEIZ 2B H—RILENBBRCT LIV
H—ZIERHND LCBENCELLTETWS. TDT EITLGEZREAD
LB DT OFEEEERE L TWVWA XS ICE X 5.
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BV BDE14FBICHT S
ZAATN=TDRHIZDNT

/A

FL®HIC

Kk EOREH G OEERBERE p: G - GL, (k) DA BN ET S,
T5&, GlEInEBEEAR k(z,,..., 1, NBRIERTS. ZD&E, A%
KB k[z), ...z, BERBEVUTHERERTH DM, LW BERIFERRIC
BT SEAHHETHS.

ZDERE (FRD NIV FDOFE 1A FELIFENTHD) I, READHIZA
SENTNWTEHRENTHERENTNS. BETIE, 20X xH%E < #EARK
IBAERBRIZDOWT ORI, SEIERAENSBILbNTNS (56,7, 11]
EBMEEX).

LR, BRIV EOE 4 BBEAMZENRT, 7047 N—FORBINFER
SNDETOEDY Z2HEITKRDE>THLD.

19 HHAcR¥, FEREOMBEICHT 5 EEN BRI ERERBOAREE
REEDBIETHI SN TV, ZOXIREEMHERZD LT, BV R,
LRDODEEZRDEIIT—RIELBRL LS EL TV, FROENRILED
BIAFBIZBNT, klz,..., 7, OFfFE K ETHIE, K3, kLD
HEBIEIK k(zy,. .., 2,) DEDETH Y, k2ED. I5IT, kzy,...,2.)¢ =
klzy, ...,z ) VK DERILLTWD. ROBEDR, 1900 FOEBEEESZICH
WTEIAIL S [4]ICk 0B SNz

ENNIVEOFE14EE. Kk LD n BEAEBBRE k(z), .. z,) ODFHE K
TEZEODDDIML, kREE[z),..., 2. N K IZBRERTH 3.

COMBORMLRE, SSICCOMEOEENRREMNEIEIEEND
RALNIZ. 1928 U7 MYz TUxy 7 (121 12K0, 0 Ok OnER
G, = (k, +) PEHRXBABREITERA L TVB EE, REODENAI PO 14
FREIXEENRZ EMRI N,



CDXDBHEMEBITRL, 1958 FokH (8] IckD, FROLIIXIL D
FHIAMBIIHTDRENERER SN, TORENE, GB OEFER 32 Kigh
REDETHZZA5NTWT, RNV MOE 4 BEICHTEIRATHH 5.
DlE—RE, BRIV O 14 FETEEMICER SN EARINEASN
AQNDASo VAl

DX D27 H, 1990 FEON—Y 9112 LD, BN MO 14 BREIZXS
DROFUNRBIMER SN, TORBNL 7 EEZEREA G, MWIHRBICHE
AT BB THEALNL. LB, NSRRFIZERTDEVIEEAND, T
DEBDLENZHRRECIAOHGERAL G, EAT, TR LBIFERE
MERERICZDHDDEENER I N, 6 BRZHRBADH S G, 1EAD
EORGIZT7OAT2N=F 3] i3 L. £z, ZORBIZFBELT, 52
BEZHABRNOD S G, (FHOBOREIZTA ZINET04F I N—2 [2] 134
U7z, BAEM 20 A RETOEIN NI FDE 14 BEICDOVWTOBB IR
BHTHS.

04T N=TDRFICDINT

704 T N=7 3], BNV O 14 BEICHT RO LS R El%
WL 7.

kZEBODIREL, Ri=klz,y,st,u,0] %k LD EKLERBETS. R
CBIDRANERMS D %

0 ', 0 d d
D .= xsg + yasa +y3t£ + xzyga € Derg(R)

TEDD. ZDEE, DOBRPIZEkREEL TERERTHS.
ZIT, ROZEITHERELTEL. DLV G, DR~NDIEAG, x R — R
yib)

t~f::ZDn(f)t” (teG, fER)

TEEYD, THI, ZOG EACEZFRERB RS- 13 RP & —%3 5.
TROBMIX, ROMBICHREEHEIDIETHD.

ElE. MIRAEMR L RERD OERAZ TR L.



MEDHET, BEOAERZHEEL, TNONERRITRDSIEZRT T
ETH5.
biu&b‘:’ RD @ﬁf17f2)f37f47f5%

fii=z,

f2i=1y,

fz = 223t — 352,

fa = 32%u — 3x3y3st + 553,

fs = 928u? — 18z%y3stu + 6y8s3u + 8x3y3t3 — 3ybs%¢?

EBL v REDODRP O f; (1 <i<5) DEHAELTHOLHESLI &
NEELRFENODNS.
v KRB 1 LA ED RP DERICEHRT 2FENNDITROBEICH 5.

1. ARBOMOUERE , . R — R, &

i)=Y 20 (-2’

n=0

TEDD. ARBFBFH {byhmso M

by € A2,
(*) -
Alby) = 2%y (Ym > 1)

2R, Em > 0L Tr,(by) € RPDBROID. IBIZ, my(bm) 2o
RENZDOWTRERHET S &,
(=)™

Ty (bm) = —

bov™ + (v REUT DWW TIK R DIE)

Nz 5N,
LROBEESER, 7005 N7 B RUTFORBER L.

B2, A:=klz,y,stu &BE, A=D[,&BL. TOEE, BB AlCH
B (60 s TRDOEH (1), (2), (3) BRI THDONEET 5.
(1) B9 = f.

(2) AGR) =220 (Ym > 1).



(3) bYezA (Ym>2)
LT, &m> 1l
Fio™ + (v REGT DN TERDOIE)

DD RP DTN EET 5.

ARBF B {52} 50 & (58 mso &

)
f2f3 m:()@cl;%
b2 = ¢ 22(3z%u — yst) m=1D&&E
1
jﬁ%ﬂrﬂm—wﬁﬁﬂ m>20&E,
\ T
4
fa m=0D&Z

b = { 222 (3z%su + yPsit — 4z%?) m=10D&E
1

g&%irwm-nﬁwm m>20D&E
\

EBL. TBE, RBKRDILD.

BE3. Hi=23ML, {00} BMBE1OEHE (x) 2HET. Lo
T, &m>1ITHL,

fofav™ + (v REITDW TR KR DIR),
fav™ + (v REIDWTRR D)

DD RP DILNFET 5.

LECTHBL L 72 RP DT f1, fa, fa, fa, f5, me(bY) (1 =1,2,3, m > 1) DEE%
SEBL. ABOETFERIIRTHS.

FH4. RD = k[S).
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=Rl B EaE AR A FEEICDOWNT

FHEZ RALRZRZEZNIZEH

FRGIRE R ERREL AN IR ELZLOABRTHVLONSENTHS. TOERIT, BIRE
ERREMEHIND TEREETLEEMA S L TROFIKES ] HEZLD. BIRGEERRE
BELCL > TEEOEBRTFLZEASHEBRERICI >TEL BT EHVHIEN TS, HIEEBER
FKIVMHEEENTEGICET 2HKRTH Y, HEMCIRELBAIKHIRINTVS. JTTR
Falk-Konopka IZ & > TIRIEE Wiz, Z RO KEES SOMEBREZ IR T 5 ABRARICD
WTHDHS. ZREUTOX 3 EABRKKRTHS.

(4 + QQu — vQus = V- F(e,0),

cuby — DG = 0Fp(e,0) : et + v(Aer) : & in (0,T) x Q= Qr,
u=Qu=V8-n=0 on (0,T) x 992 = Sy,
(©(0,z) = uo(z), w(0,2) =w(z), 6(0,z)=0(z)>0 in Q.

J=iEL, v e RIIBEOEN, 6 > 0 ESLDMIRE, F ¢ RIZESOMMET FIVF—EE,
e = {ei} = 3(uyy; + ;) EEBRRL TS, ¢, & v IFTNTNHE, HERBERTEREL
2. uyy =Gt w =G LEBT B, Fl Fje = {§5), Fpoo = (g )y €2 €= byt s
THs. QC R CBEAZFROARREAT, nid 00 ONAETHAERNIPILET S, Al
Hooke DFEHIZRHT BT > /LT

(3FV) !

A = (Agjrr) = Mijdr + p(dikdj + 8udjk),
L, ThIcHBL THEMEEREE QX
Qu =V (e(uv)A) = pAu+ A+ p)V(V -u)
3 3
=S uY w0 wp,
j=1 1=1
EBFB. JfEL, Lamé BN, pld >0, 30+ 24> 0 B2 1T ENOELET S, BT
JVE—IEEE F(e, 6) = Fi(c,0) + Fy(e) RROBDEDEER 5.
(a) Fi(e,0) and Fa(e) € C3TH O, ihD 9 > 6, (6, 13 B EE) lcxXL T,

|F1/€ei < Cgr’elq_la |F2/ee| < lelq—lr
|F1/€9| < CGT~1|Elq’ IFI/GGI < CGT—2|€|q+1:
cle|?! — C < Fy(e).



EORBNE F(e,0) EROWAZIR T T LADN B,

|Fi(e,8)] < C + CO™|e| 7+, |Fy(e)| € C + Cle]?.

(b) Fi i [0,6)) THIE.

Falk & Konopka([1]) 3 ERGEEROUEZ L RET ML IVF—FEELT

F(e,0) = Za (8 — 0.)J2(e) +Za (6 - 6,) +Za6J6

EVSTHOEDRERLT. 1IEL of, 0. 3T, J5 i {61 DVTO b RBIER. T OBKET
PIVF—EEIE ED (a), (D) ICE VT r=1,¢9g=3,§=5DFEICH=%. Pawlow-Zochowski([2])
&, LTFORE,

(PZ1) v > 2 (FfEDREWY),

(PZ2) 0 <7 < 1/2, 1<q<(q+1)(——r) 1<q<

MIU\

D & TORFEIAER (u,0) DEERRLIZ. L L, ERT—4h o/ hanc EhH5h
TWV378 (PZ1) DERMFITEBRTH B, iz (PZ2) DIEFIEEIT Falk-Konopka DIERRFIER
FEEV. COMETH, CORERZDVULEDZ LN TER, AL,

(Al) v >0,
(A2) 0<7 <1/2, 1<qg<@+1)(3-r), 1<g<5,

DL L THRUKERO—BEFEERIILENTES. LMLKRSEI LI, COFRLg=5,r=1
EENIZNT £ S Falk-Konopka DIFFEIHITEATWEWT EHAbM 3.

PUF, EERZBNDENCH SOV RBEMEZEAT S, LP(Qr) = LELE = [7(0,T; LP(Q))
i3 Lebesgue Z2R, Wi 13 /1L s lullys oy = 1o IDku| oy B EEE N B Sobolev 2R T,
T HI(Q) == WH(Q) £ BL. 7L Dy = [[ D, Di = il Ele Wi (Qr) & /v

5=81+52+353

||u||sz,z @r) = Z_?l:() Porto; 112" D2u| Lo(gpy, M B EEEN S Sobolev ZERIE T 5.
EE 1 p > 4&2:% Ft‘f}iﬁ (A1), (A2) Zfilc g & T %, OB, LED (ug,u1,60) € U(p) :=

3-2

W, 7 x W, F WE PICHLT, (6,0) € Vo(p) == W (Qr) x W2 (Qr) %iHsf=d (3FV) D
(u, ) HAME—DTFHES 5. i

COFERE, BICRERZFO TV BRI TEL, F—2LBOBT /5 2% 2] LEFRLS. =

% R EBNTRT 2B WP x WP x WP T WA X WRICE SRR p > 5 TRDT
lﬂ% C DR E RO ‘T“E&%’éﬁzig\ﬁ%’”f@%&ua@om% EWHEKRTHARTIS SN,
PR BRI R 2. AR BV TR ABRRO T IIVE —ICEAE B TERE 75 A%
EX3. FEAEEZEZZ LT, FOIXNF -5 BRICEZET N 3220 (ZFRVF—FF ) iF



FEEICEERREER-TENMEN TS, FIZIE Schrodinger FERUCHIT B H DX S
TH3. BFV)DIINF—FIFRE H2x L2 x [} THBTENMBENTWVS. T T THRMIC
p=2&LBLUQR)=H’xL2x ' eIEDIINF—ISRC—HTE. TOEKRT,7—F0D
BYZEf U(p) IEMIc BREEMEEZEZ SN, LAL, BOBTEMOMS AT REIE A
BROMIEREL 0 DRV LA bbbk I, EH 1 OREHRTSH 5. [2) DERICHIGLE
SEIRD VT ATEIRL T eNTES,
R 2.p>5/2,p >523ReW/zTLICELD:

pe (gmf‘%)} ifp € (5/2,5),

p' € [§,00) if p € [5,00).
FIMRE (A1), (A2) B¥/=d & 5. T O, {£ED (up,u1,00) € Ulp,p') == W, P xW, *
Wf,'?” IR T, (u,6) € Vr(p,p) = W (Qr) x W5 (Qr) %3 (3FV) DEVHE—DIHEY 3.

X

COFERZp=p LEBT LICE T, Pawlow-Zochowski DIEREFATNBT ENbH S,
AEBHOGE L 72 2 Al , SRR & 2 EBAED 0 B L DRAEAMEL I 2FHETH 5.
Z () INSDHBREIRIEDENVI T ADT—ZCHLTEEIBT LEbh>TWVS. §
Thb, Besov Faﬁk!ibjfh%"‘cf'aﬁl By 2T, FH 1D U(p) B}U?ﬁ 20 U(p,p) BEFNFN,
U'(p) = Boo? x BLa? x BE 2. Um0 = B 7 xB7 x B B, 7 LUTHRAEOBENMEEN
%. Besov ?:Faﬁkowﬂ;tﬁﬁb BV, p> 2 THNE Wy C By , A D ILD.
(i) FBEOFE (A2) L ABRKROIRIVF—L %Bﬁ’b DhHB. K, EbALAEREZE
{tey=cu(e,0) = — OFp0(e,0) £75%, TxbBHER BFV) BEREHENCZS. Ly
Ul BOOREE S (2] & ERICEREAER (¢ = ¢, =) L LTHREZEX . Thic
K ORBOTFEARAITERD B0 idh o7z, LhLIRVF—RERELS> T &ITED, chd
FEREL T OO DIBHDRER DI ZERICET>TLE 5. Hilf Pawlow-Zacjakowski IZ &
D (BCWLSDhDERAZRT T LIc & D) EREOME (¢, = c(6,0) K DWTEROEEL —
BEENRENT ((3)).
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A REMARK ON THE EQUI-DISTRIBUTION OF GENERALIZED
EIGENFUNCTIONS
(—RALERMBDO—HF I WML DONT)

HFRI¥KE BB A (YOSIHISA MIYANISI)

Department of Mathematics, Faculty of Science
Tokyo Institute of Technology
2-12-1 Oh-okayama, Meguro-ku, Tokyo, 152-8551, Japan

PE, ZORYXTH, —BMEEFTHNMOBRTFINI— FEEHNTS.
Abstract. In this note, we shall introduce the notion of quantum ergodicity
for generalized eigenfunctions.

1.

T, HAERMMERARD (—ikit) BHEBEEOME L, NIV b hER
DORFEERAZNWEES. KREHEICEAR, (BER) EN LI T — RTH 25
BT, (ERRE) FBEEBMENANII RO E I LERNLONANTHS (EE
Bp5). 2L, BEEEREIIEFEEDO2RTHS.

BARMITIZ, Melrose MEA L - BELAIE B (BE 3G [Mel], [Me2]) DHIRRT,
57517 o OBERKERN, MFEAIILIT - FATHIHEIC, BELEO—#%
BT S.

BRI OERI, IINT MERELDT T 50T o OBEERKOEL TS
5. EE, AHER I I- FRTHREEIC, BEBKITEINIC AL TWY
5L EMEEEINTER (BEXHE [Co), [Sc], [Zel]). ZOHEREFTII—RiE
EMEN, ST TFTRET, Yalb T4 o H—EMRK, BF cat map, B
T, 5 UF AEER, spin BRERXDNTH, KxopzEnsh, BEUOKREE
BIZE > T35 (FlA I [Bo-Bo-Le|, [Bo-Gl-Ke], [Es-Gr-Is], [He-Ma-Ro}, [Ku-Rul],
[Ku-Ru?2], [Sc-Ta], {Sh-Ze], [Va), [Ze2] 72 &).

ILITAERARST, 77707 O—RCEBEBEE TS 5 Eisenstein HIXizD
WTH, BTN T— KNS ST ENBMoTES (BE M [Jal], [Ko, [Lu-Sal,
Sa]). LinLisssER %7, e OBIEAS, BB TWBHIT TN,
ZIT, IOWMXTIE, =2V y FEEELAER (5% §3, [Mel), [Me2)) ZFD
BEW, —RCETERE MR E OBIBRERRNTHLI ENIRTH .

X OARL, UTOEDTHS.

§2 TiX, BIEOA A—TZADDIT, aNT MaEREDEEIT, RFHN
FERHMMZFIZONWTHRNTS. BERNIZE, 57527 > OBEREKE Hithik
ORfRELXICERS.

§3 T, 21— Uy FOBELGIBZEAL, —REEFBERKICH L TETDIII—
REZERND (EFE pS5). X517, TOMRIE, modular surface FOFEITHBIF
%, —HBALEE R (Eisenstein ) 07 F O P —Liz->TWBZ L& HAT 5.

2. AN MaBRELDS 7S5 ZBEHE.

ZOETIE, I8N0 MEHEALOS TS ABEEEOEBEBEKIZOWTRR
5. FIT, ROEIICHETS.

(QM) _Aun = Anun %Il M, M XH = (%) %I'))
{un, A }; EIE BERB (in L2(M)), exp(tXpg) : S*M—=S*M; Rl

COWMXEEHIIH->T, ROEBMICTRICEATHW:, £A% % RICBBLET.



FIEU, (M,g) 13, BOME I2NT M= BBHEEL, Xy i, H(z,p) =
Vou o p) ENINRZT U ETBNINM Y R MUETH S,

SEFTIYHEZETIE, (QM) IXEF/% (Quantum Mechanics) Zicii L, (CM)
3 #71% (Classical Mechamcs) EEBRTBHEELALNTNS.

DUBLSES E, lun(@)llps = 1 THBAD, un(a)? W, HBHEEL I
D, CNERTOFERREZRTEEASNTNS. £k, exp(tXp)ld, ES 10
AIFETH 3 (TH).

QM CM

lun(z)|? i, M EOREREEFELK. exp(tXg) 1, HE 1 ORI

ZZTHRDIELIZIRSMN, L DFEWZ W, HLFOHE R % B & Al
DOBfRTHS. ERMICIE, RTFORREEERE, AHEIR-> THHT5EED
ha7=nr3.

FIT2ETIE, 2OZ&IZDNT, WSDMDBIZDNWTRTHENERD

9, BYIOFIT, BARMRICEF TOEEBRBOFINGFETSHTHS.

Bl 1. (M,g) #=KTRREE L, + EHAME (KH) &5, 20EE, H5EE
R {un, An) & B BEEEKEMORNF (u,, ) WEELT, KEWET

[Un, |*dvolps — 8, weakly.

AEEAN, f*ﬁnﬁ]fﬂﬁﬁﬁ@ﬁﬁ’&ﬁx BV, EBE KAy OFENSOEEZ 6
ETBE, |Vim|®dvolpyr = 64 as 2 = cosf, | - 00 £ TS, F/z, RE LD
ARSI R EEI NS T c‘:%ﬁl ba"LT'AT —fiC, TSR EFEINDF
KBWT, FAROUHENEASINTNEIHENDH S ([Ze3], [Ja-Ze)).

—h, ROGIL, EEBLZHEEOLSIC, MFNATIIT—REEENZFETH
%, ZITH, BIPLELL, a2NT MaRRkEDHEEIZ, Classical ergodicity (&
)b d— BfE) KO Quantum ergodicity (B F LIV I— k) OEFEEZBRR, &
DHEFRERS. PBIDIXICED &, HHENZE (CM), BEFHF (QM), ThEThiZ
HIET BT T—-RiE, Tiabs, AR HLRIBERRCHTS, S*M L0
— RS EEETS.

E3E 1 ((Classical ergodicity) (f3T)V T — RHE)). (CM) ¥ classical ergodic T
B &ML, RE@WETHEZND.

Tli)moo-——/ flexp(tXy)(z,p))dt = 'uol(S*M / f(z,p) dvolg«p
foer( D) € L=(S*M).

COEHEIIERSAMENTNBRRIC, HRETHEEMTHNELNEEZERLT
B0, T/ Birkoff DEHIZL > TELDIFRIZRE SN TN S.

7 2 ((Quantum ergodicity) (BT L)V T — Ki)). (QM) A%, quantum ergodic T
HBEE, BBWHT {un,, Ao} PEELT, KEWELTHEES,

&1, lim =1,

k— o0
and
&2 lim (Op(a)un,, tn, )12 = corseir [onay (2, p)dvols-

E o0 ngsy Uny vol(5* M) Js*m D S*M

for ¥ a(z,p) € S°(S*M).
UEHT% T, quantum measure &M, defect measure SRR & b5 D (BE TR [He-Ta), [Ge)).
— 62—



72721 Op(a) V3, a(z,p) € S°(S*M) % symbol(F&H) &£ T 5 order 0 DEWIMER
Fel, ()3 ZHREM L0 L2 AEZERT 5.

EE2 OBWRIT, ZEAELOEABEINLIANIC Linorm OBRT—HITT %
Fiic$s. £z, &1 1T&-T, PISRRESFIZRTIE, TROBRETRT
DBWHFNHL, —RRDTHOREZHFD.

BEELTUEZSEED DL,

HEE 1. (QM) A% quantum ergodic &9 5. TOK, &2 EHBEKRERDOEIF! {u,, }
NEELT, RemiT.

L gt

and

2. |tn, [*dvolpr — 47% weakly.
Proof. ¢(z) € C*(M) &L, HBHIMEAFED symbol LT, ROKRITT S
a(z,p) = n*¢(z)

212U, 8*M — M I natural projection &9 5.
FIT, EF2DEMHE 21T, SEHKL Iz symbol ZRAT B &,

lim / &(Z)|tn, |*dvolpy = Hm ((T)up, , Un, )12
k—co M k—oco

= lim (Op(a)tn,,Un, )12
k—o0

1
= dvolg-
UOl(S*M)/{;vMa(m’p) VoLg» M

- W / . / ma(z, p)dvol y dvolg-

1
vol(M) / na(z,p)dvoly

1
vol / d(z)dvol .
T2, |un, [2dvoly — d”—‘("Mj &7’&9 A O

KIZETHEEIT, HRINI-RENSBTFIINI— RENENIND Z L%
LT3,

I 1 ((Schnirelman)(Z% X# [Sc])). (CM) A classical ergodic = LB DOEHF A
BEMICHL, (QM) id quantum ergodic. 2

ENTHE, BF NI - FEZHOEREOHERTHELD.

Bl 2. (M,g) %2, WiBEIAHMB (K <0)/2INT MEBEETBE, (CM)
W& classical ergodic. £ T, Schnirelman DEEE D (QM) Id, quantum erdodic.

B 3. M=R/Z (—KEDHA) £THIE, u, =¥ &i25T. (QM) X quantum
ergodic \Z782 T &N, EEMEIDLENS. 3

LIZBEBTHICERT, RENZDOTHS. RII, BEEKICOVTIE, %
KELDQIERABN, FHINTWS., TIT, M2 0EOMTHEIRZS DN,
LRABHRAEDHITEREDTHBERLN. BEERDOAA-—UN0O0D3 EHS.

ZEIZDNTH, [(QM) A% quantum ergodic == (CM) it classical ergodic | &7%5% T &bTFEE
NTHH, WACTERINTVD (BEXHR [Su)).
S—RILEHMFIZDRIC (CM) %2 classical ergodic THBM 5, Schnirelman DEMERH I TH AW,
2, BRFIEMS2<TH, L TWS (quantum unique ergodicity).



RORKIZBNWT, 41, TNETNOZHRAEICH T 2HAMR (FEROHDEHEE,
billiard flow) * DHRTTHS.

Zixib | (™) | (QM)

K|

- |tn, |2dvolpr — 6,
[ ——— IEi v (BRETIE, BEHEICHEENDHZDT,

EREHERAZIOEZ DL, quantum
ergodic 1725 Z &b & 5 /) ([Zed], [Va)).

Bunimovitch stadium

d’UOlM .
ergodic { |tin, [*dvolps — vol(M) (quantum ergodic)

3 |ain, |?dvolpys — ps + pr (scar?)

TEHREZRE

U dvol M

vol(M)
(quantum unique ergodicity ?)

. [un|?dvolps —
ergodic

ROMELLT, ALETRRTHL.

ARARITIE, FP—52A0L53Bb0bH%. OHE, EEBEEIIHARMMRIC
BT ERABVE, M ARBVWTAE M-S AIZEFRT B (BEH [Bo),
[Ja2}).

o, BFI)INI—RERBNWT, BAFEMBHPMS NN, SEREOHEIC
EKETHEFHRINTVS. LD stadium DHITH, py +pr (L, u, 8RR
RE, p, GHAENEGRRIEL) ICIRT 538 [CHMNAESFINTFET 2 L FRSH
T3 (B3 [Ba-Sc-St], [Ch-Hu, [Hel], [He2], [Bu-Zwl], [Bu-Zw2], [Bu-Zw3],
[Ze5) 72 &). ZOREN, scar ([FIER] #8F) ORI EFIETNT NS,

T, WEBLIARMR (K <0) 2Bkl ToE, BAFIEMDIERL, B
FILId— RENET D EFHENTVWS (BFXH Do), [Li], [Ru-Sa),[Sa] 7 &).
Z D@, quantum unique ergodicity D RHIEE & FEA.

2ETH, I<—HOEPHEE L MR ~h o7, M bIEFITIRILORMEE
FEAHBHILE, BRRIERLTBERN.

3. BELMEHE & — LB K

3ETH, 2ETHRANERFINIT-RMEOT7FO —%, —RLEFEROTE
BIEICH LTEALZY. T T, Melrose (B35 XHK [Mel], [Me2]) IRV, #IELRE
ERDEDIZRET 3.
M ZHEFR OM DEDQIANY MaBRAEEL, SHELT, BELWGHES
_ dz? h
Gse = = T2
YERANHDEEITIL. (CM) 1, billiard flow EEX BT EEMB. classical ergodicity 2D\ T
@, BR<ASNTWS (BEXH [Bu), [Ha]). $£/k, BLUBRE#ODE, quantum ergodicity b4
Mo TWB. (BEXHR [Ge-Le|, [Zw-Ze] ).




ETB. ZEL, 1 e COM) RBESMREREHERTHS. DEVEHEALT,
r=0&BBbDTHD. £/, hid, EOSNZ 2L H£EF VLT, HERTHET S
IR ED DD THS.

RENEELOEEIL, AWW?kiU d—7 1w RZER R™ ¥R /%7
Fﬁbt&%(%bﬂ%ﬁ§—7+—yfﬁﬁ (dwtd, n— 1 RICEREOFEREN T2
ETE). g, 1 —%mT%éwf pr-U/bmnﬁ&%E&@ﬁnTma

BRACREA T, BETEOHRE & + 4 SL TS, ZOHAIR
y BEREHEAKITZ>TWT, FHMEEEMFENTVS. BEAER & 38N
BoTWBMN, EHEANDTHAD.

FIT, BADOEXZOEER, —RICEFEKOEMTHS. DED, 0 THN
ARMLT,

null(Dge — A2) = {u € HX (M) ; (Ase — A%)u = 0}

EEXWOTHS. TIT, HO (M), HERTHERKICZD, ARTHE, ‘2‘%
SNRERICEEZHDTHS.

T HITRO (HiE) TICK o T, \HMR (ANE) BERE 7 iU T, —Rik
BB RS —RICEED 2 EAbho TRD (BB [Mel], [Me2)).

HBE. feC=0OM) £T5. TDLE, T u€null(Dge — A2) DERELT,
u= ei)\/zm-"—g—l-fl +e—i,\/mxl‘—;—1fu +u de HO O(M),
EETD. EL, L eC®(M) THY fllaw=1f.

X 512, Christiansen 1> T, ANE f' 2EROF 77 AEBFEKELT, —
RALEAREE/N I AY T L THEL (BEER [Ch)). EBE, oM o NI b %
BAET, ROHBE b ETHIE BRIERET A, 2EXDENTET, BFE
BB EMED Z LMK S. T2 T, ROLDITERTS.

B 3 (ST A M SN REEFER). o, 2 L2 EALINE BREDS
TS AEEERET B %, —RLEHEH o, RORTERT 5.

u; = ei/\/zx",_,;]f/ + e—i,\/mx"T-‘fu +d W€ ch,o(X)’
EEL, ff"€CO(M) THO flloy =v; £T 5.
BADERIE, ROEFHTHS.

EERE [HFEH (FREL) T8 BT TV I — RE) SR EORMTR exp(rX ;)
7 classical ergodic THBETD. TDEE, HHENF u;, &0 klﬂﬁ_f%%{ﬂ
S >0 MEELT,

Je
1. klgIgo? 1

and
lim Iﬂujklng,(Bk) _ Vol(Bx)

2.
k=voo [luj,llz2 (4,  Vol(Ax)

|=0

ZIZL, Ay, By &, BEFRO 6, 06 (BB KEENIESNREREL, kiTk
SRNWIEDE ¢,C &2 T c< Vol(By) < C,e < Vol(Ay) < C EBHDET 3.
e, LL i, BAHE L2 ) VATHE. SO, ||flli2a) = [, |2 dvoly
THD.



AL & B V3, R (RS EHOH FIE.

COEERR, ERELOFTIE, BEBEN-RIMNTIRTFERRLIEDBOTSHS.
—OHENEETIE, EREOAMTHERNEFEL 50T, ERFAFDOER
K25 HiTTHS.

e, exp(nX g5) REEBEEA, ZHITDNTD classical ergodicity ZE#HY %
ZENMHFED. DED, FED f e LP(S*OM) ITHLT,

1

N

A 1

Nm N ;f(exp(kﬁXH)(-’B,P)) = 2ol(S°5) / f(=z,p)dvols-am
= 5 9M

BT EEI, classical ergodic LMRT EIZT 5. iz, exp(nX ) H, Rid,
HEHLA IR IR exp(tX 7) WEBEHRATD, FAHROIEARESD. —IF, HIHEE
131548, exp(rX s;) % canonical relation IZ® 2, 0F&® Fourier integral operator
LRBIE (BEXE [Me-Zw]) EHBLTEVELETOL ETHS.

BdimM=2&TB FTOEE, 0 ITPHRTZHT 6, >0 MFELT,
lim llullza (B.)  Vol(Bi)
k—voo |luk|lzz (a,)  Vol(Ak)

EORTE, FAFIEZRRZIEEFLTWARNL, 2, BLFO Luo & Sarnack DE
HO7FIO —ELTREIENHRBEAD.

2 2 (Luo and Sarnack(Z%EXHK [Lu-Sa])). Modular surface M = PSLy(Z)\H?
LEiZHNT,

| =0.

1E(z, § + i)l L2(p) _ Vol(B)
IE(z, 5 +it)|lz2(a)  Vol(4)
£REL, A BWM®ILAY R Jalbs STRES. B(z L +it) W, Eisenstein
WO TH 5.

lim |

t—ro0

|=0

BRI, GEBNRZFERR, EREERAETHS. 77, MEZEEL, EBLE
BRI ERN. BEEBROBTINIT - RER2AB-0WDTHENG, FFiT, R
DEODADATCHTHIHDIZTEIRETHAD. FOLEDIERERER, UToZ &
EEZBRETHDEE- TVS,

X9, BRAEOMETSHS. L, Eisenstein HEO7F OIS —%EX 3025
& BEFESEBEIKICEZHEEITONTD, BEXTEMe Tk b, EBRES
WONEEEETNE, NHWFEOESTH->TH, EANMED L2 JIVLEED
ZEB T EMBXTNS ((Ge)).

I5IT, MMEEETT AQ) OEF (B) BEIERBEICRZEEE, FARLERE
THBLEE->TVD. —5, HWBELTFIOFH N quasi-mode EFERB HDTIEH B
HDD, mode ZRAIEDN, LVERTHS.

;%@ﬁﬁﬂﬁﬂtt;, L*(0M) EDAZH VERE AN) : f'lom = f'lom PTETHS (P.5 O
BEZR).
SEisenstein I, —AB(z, L +it) = (% +t2)B(z, § +it) WAL TS,



ZFDEHRBAD VDR, HHEETFIORTFINI-FETHS. BT cat
map PETFHEMEROER ([Es-Gr-Is], [Ku-Rul), [Ku-Ru2), [Ze2]) LRKDERZ,
HERABETFICH L TENWZVWENIRTHS. ZDEDITIE, Szegd BHOBRKZE
RizFnidin sz, 72, RRERIIE>THRN.

REZOMETIE, ULogfz, XVEBRZETEFTLILZENKLTNS.
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Generation of interfaces to Lotka-Volterra
competition diffusion system with large interaction

AR OB (RRERERERH M)

1

1 Introduction
KD Lotka-Volterra SR SHLERICDOWVWTE X 5

p
ut=Au+u(a—u)—%u'v in Qx(0,7),
vy = DAv +v(d—v) - 6%uv in Qx(0,7), )
%:%:0 on 90 x (0,7),
L u(z,0) = uo(z) >0, v(z,0) = v(z) >0 in Q.

T Tabed De>0THD, QIERNY DESHEER 0O ZFOFRER, vIZ0Q D
N EERAT L ET 2. (P) EZEMEE Q LT 28R 0EYOEESHORME
Rt s A RIGHBIET VD 1D LTELHALSNTEY, KOEHK v = u(z,t) RT
v=1u(z,t) X 2BOBRET HEYOEEEEErR T EOMEKL T 3.

FHEETIE0 <e << 1, T74DE 2 DOHENEHE vv DFREDEEICKEVREICE
I BEOEECDONTEZ S, FEREBEOEAN O, TDX S HHER 2 EOMEE
(EBE) OZLIcBO© THEEHBESMUOER (ZMAOBE), 858) & A TR I 2B
THEEIITRRZRLTED, NS OBEEOEGEE (BE) EUTOLSICEELT
W EEZILNS.

B 1ERBE. A LA AKEOEDES, B ORIC ENZEhOBOIF{ERE (#5E
D)BERENS 2EHOEATITINELS).

F 2. BADUNECR, FEREOHER LTORSIC L VERRUZNUESE
TEMRIBAS R & HIC & T 5.

TN ENERERETOT Ot RARBOBEAMNDOELEFEABNDELERT LIE
ABTENTES. B 1 ERBLETIIRIEBSOFEREICHBO T 0(1) DEDME, fif
TR OIGAWERES. COLECNLDOELDHIREEFRAETROTO AL RE
(interface) & FEEXN 5. AFEHE Tld (P) O LA FHAEIC N T 2IC W THREIMEL S
CEDELZHRAEL, B1EMEICOVWTEZ ST LT3, hBE QEBEICHT 2K

REUT[ T3 ARV T e — 0 & LIz & 2 OMIEMEN RO H 5 & b5 AIE
DBICPERT B T &, (2] TIRRFRIFIIHAME (RER K1) 10 3 (P) OEHEOEE M
HBRBEFRMEICKD T LABLNTNS.

AR BRSO B B L ORFAFEICE D LD THS.




2 Formal analysis

Sl THRBANTZEIIC, B 1R c IKKELIBD TRVREAr —ILT4HE LS. T
& S IEHORE AT — )N B TADE C TV B 0% B S T2 DI TR ¢ 13 d % 3
BERIAY —L 7 = .}3— REATS. TOLEME(P) D2 ODHBRIIRDE S cEXH

ZbNns:
| ur = e (Au+u(a—u)) —buv, v, = (DAv+v(d - v)) — cuv,
(CTTHHEDTu = ulz,7), v = v(z,7) EELTVWAB). TIT20O0OMK o(7;€,m),

(1;6,m) ZROEWHR AERXR

{¢ = —bgtp, $(0) =& >0, (ODEs)

¥ =—cgyp, $(0)=n>0.
DIRE LTEET S L%, RIE (P) O (u,0) /NS VERINIC BN TR

t ¢
Do(z,1) = ¢( i uole), w0()),  Lo(s,t) i= ¥ (5 ua(e), wo(x))
WX OIEPENDE T ENBIRENS. LI T (90, Ug) ZROE 1ELEEZ BT LICT
5. TTT(r;€,m), Y(1;€,m) IKDWTIX
A(¢n) =cE—bn (€>0,7>0)
ETBE AP(r),v(7) ZRFERLERB T DA S. chi&D

EAet™ nAe= A"

¢(T;€’n):A+c§(e""f—1)’ ¢(T;§’n):A+bn(1—e-Af)’

kU

lim ¢(7;€,1) = max {A(S’n),O}, lim #(7;&,1) = max {0, —M}

, T—+00 C 7T—+00 b
PREONS. TDE X
w(z) := cug(z) — bug(z)

&3< é:, q)o(.’t,t), \I!()(:l:,t) &Cﬁb'ﬂi

' w(z) ; w(z
tkflm ®o(z,t) = max {—C——,O}, t-l—}l-}l-loo Uy(z,t) = ma_x{ ,_%}‘

LD Bt = (r = %) EHNT,
I''={zeq|wz)=0}

DEFETREAMEEEN, w(z) DFRIR U TERNHCHIS LTz 7 S5 T ORI EL R
B. o TH LRI (00, Vo) 1< X BT MERIN O(2) BEF TH THRIIME S DR
ERHEAELNS.



3 Main Result

ROEBICK Y (P) DILWFHAMEIC ST 2 HHBFIC B 3 REOEMNES{tEh 3.
Theorem 1. ug, vy i C2AXTROFEM 2T & T 5:

. = Oug Ovu
(A1) wg, vo >0 in €, 8—528—5=Oonaﬂ.

(A2) T #0, llelg |eVug — bVue(z)| > 0.
TDELZe>0,C;>00G=1,--- ,4) MFELTe e (0,6) i UTRDKILT %
(i) |u(z,t) — Do(z,t)| < Cre, |v(z,t) — ¥o(z,t)| < Cae, for (z,t) € 2 x (0,€).

Iu(x,eg) — max{w—SC—),OH < Cse, for € 0,
(i)
| [v(z, €%) — max {O, —#H < Cye, forz el

EHICu~0, RU v~ 0 DEDICH UTIELTO X D MRG58 5.
Theorem 2. {X7E (A1), (A2) DTFTESITd), dy, Cs, Cs > 0DFEL TRMNAIIT 5:
{ lu(z, €%)| < Cse®,  for z € {z € Qu(z) <0, dist(z,T) > dye|loge|},
lu(z,e?)| < Cee®,  forz € {z € Qu(z) >0, dist(z,T) > dae|loge|}.

Theorem 1 (ii) & T Theorem 21 K> T 2 ERFEICHET 2 [2) DR EEHOE B LI
&0 (P) OHBMBRIC BT 2 E 11BN OB 2B ETO—EDO Ot ANEBEEI NS,

4 Sketch of proof

Z T Tld Theorem 1 DFERH OIS DOWTIRNS . Theorem 1 DEFFFIIEOMEA FF
OIS 2 BEEL (LEEREEIE) BT 2 2 I KD iTbNE. COLILARERBHLED
BB RICH T 2 HEEBICE DV T WA, LUTFEEORD L, L, ZRTEDS:

b -
L1(u,v) == uy — Au —ula —u) — Pl Lo(w,v) :=v, — DAv —v(d —v) — E_csuy.

Definition (upper-lower solution). [ (P) ICHBWVT (a(x,t),1(z,t)) € CHQ x
(0,T),U) A (P) D upper-solution TH3 & ik

El (ﬂP 6) > U, LQ(E, -’l_)‘) < 0, in x (0, T),
{@>0 @<0 on 90 x (0,T)
v — 7 v~ ’
BT EETHD. (u,v) B (P) D lower-solution TH 3 T &3 FOE MBI BNTFREE
BT Ul RFIcE D EEI NG



Proposition 3 (Order preserving property). & (P) ICBWT (u(z, t), v(x, t)) R T
(u(z,t),v(z, 1)) i& (P) D upper-solution, &2 U lower-solution THB & T 3. TDE ¥,

u(w,0) < w(@) <T2,0), v(z,0) 2 w() > 7(z,0)
oYz o
u(z,t) < ul(z,t) <u(z,t), vz t)>o(z,t) >0(z,t) for (z,t) € 2 x (0,T).
Proposition 3 (JEIMOFE M AREXOLREEZFAL CGIAE NS, chic
& D Theorem 1 DFERAIEEE 1ELAE% modify LTz XD DR
2(z,0) == 9 Si10(0) + 16,0, w(2) - (1,6)),
U(z, ) = zp(e%; u0(z) + s1(t,€), () — (t,0)).

ZEZ, TN 5 H upper-solution, lower-solution %3 K 575 51, so DERMRFRB T L
IKIREI NS ROWEDSKILT 5 T LA 5 TN K 5T Theorem 1 HFEAI NS

Lemma 1. s1(t,¢), so(t,€) %

t2 2
s1(t,€) := Mjeexp 3 S2(t, €) = Maeexp 3

TREDHB EE (M, Mo >0), (2, 0)id t € (0,62) I T (P) D upper-solution & 75 5. [Al
RRic

t? t?
s1(t,€) := —Mjeexp 5 $2(t,€) = —Macexp 3

ERCLEE(D,T) ¢t e (0,62) IFBVT (P) D lower-solution & % 5.

BE N
1] Dancer-Hilhorst-Mimura-Peletier, Europian J. Appl. Math., 10 (1999), 97-115.

[2] Iida-Karali-Mimura-Nakashima-Yanagida, in preparation.



ON KHOVANOV HOMOLOGY OF KNOTS AND LINKS

GENGYU ZHANG

1. INTRODUCTION

Throughout this paper we work in the piecewise linear category.
We can imagine a knot as a tangled rope in space whose ends are
glued together. A link can be imagined as several tangled ropes (that
may also be tangled with each other) each of which has its ends glued
together. Much more precisely, we give the definition as follows:

Definition 1.1 (see, for example, {7]). A link L of m components is
a subset of S*, or of R?, that consists of m disjoint, piecewise linear,
simple closed curves. A link of one component is a knot.

With respect to the standard projection p: R? — R?, each line
segment of L projects to a line segment in R?, the projections of two
such segments intersect in at most point which for disjoint segments
is not an end point, also no point belongs to the projections of three
segments. Given such a situation, the image of L in R? together with
“over and under” information at the crossings is called a link diagram
of L. Here, a crossing is a point of intersection of the projections of
two line segments of L; the “over and under” information refers to the
relative heights above R? of the two inverse images of a crossing.

Definition 1.2 (see, for example, [7]). Links L, and L, are equivalent

if there is an orientation-preserving piecewise linear homeomorphism
h: S® — 5% such that h(L;) = L,.

Theorem 1.3 (see, for example, [11]). Two link diagrams correspond
to equivalent links if and only if one can be obtained from the other by
a finite sequence of Reidemeister moves and plane isotopies.

The Reidemeister moves are of three types, shown below.

A Q =2a KER
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2. KHovanov HOMOLOGY REFORMULATED BY VIRO

In 1999 Khovanov [3] introduced an invariant of knots and links, now
widely known as Khovanov homology. This invariant takes the form of
a graded homology theory Kh(L), whose graded Euler characteristic
is the unnormalized Jones polynomial of L. The original definition is
algebraically complicated, while Viro in [14] simplified it and gave a
version much more easily to access.

2.1. Kauffman’s states of a link diagram. Let D be a diagram of
a link L in S®. By smoothing each crossing of the diagram in either
way of the following two, shown below, a diagram with only disjoint
circles can be obtained, which is called a Kauffman state of D.

XL

S

1-smoothing

Let s be a state of D). After assigning a sign — or + to each of circle
in s, we have an enhanced Kauffman state, denoted by S. Now assume
that the link is oriented, and we label all the crossings of the diagram
Dwithl, 2,...,n

Definition 2.1. Put w(D) := #{positive crossing}—#{negative crossing}
and o(s) := #{0-smoothing} — #{1-smoothing}. Denote by 7(3) the
difference between the numbers of + and — assigned to the circles of

S. Put

a(s) + 27(S) — 3w(D)
5 :

2.2. Khovanov chain complexes. Denote the free abelian group
generated by enhanced Kauffman states of a link diagram D by C(D).
Denote by C*(D) the subgroup of C(D) generated by enhanced Kauff-
man states S of D with i(S) = i. Denote by C*/(D) the subgroup of
C*(D) generated by enhanced Kauffman states S with 3(S) =7.

The Khovanov chain complex is defined as (C(D), d) where d = {d*/}
and the differential d*/: C* — C*+19 satisfies d(S) = 3.4 (—1)55)[S
S'1S" with S an enhanced Kauffman state generatmg C“(D), S’ gen-
erating C**'J(D) and [S : 1 0 or 1. [S : 8] =1 if and only if the
smoothing ways to get .S and S’ differ exactly at one crossing, and all



the circles of S and S’ not touching the crossing get the same sign. The
signs (—1)455") are chosen in some certain way such that d*tod» = 0.

Remark 2.2. Khovanov in [3] proves that the homology of C(D) (a
bigraded group) is an invariant of the underlying link L.

Definition 2.3. Let L be an oriented link in S* and D a diagram of
L. The isomorphism class of H*(D)(:= Kerd*/Imd~7) is called
the Khovanov (co)homology and denoted by H*?(L). The polynomial

Kh(L)(t,q) = Z t'q’ rank H*(D)
1]
is called the Khovanov polynomaal.

Theorem 2.4 ([3]). Kh(L)(—1,q) = J(L)(q) where J is a version of
Jones polynomial with J(U) =1 (here U is the unknot).

3. APPLICATIONS

3.1. Khovanov Homology and the Slice Genus. Let K be an
oriented knot. Lee in [6] showed that Kh(K) is naturally viewed as the
E, term of a spectral sequence which converges to Q & Q. Rasmussen
[12] used this spectral sequence to define a knot invariant s(K).

Theorem 3.1 ([12]).
|s(K)| < 2¢7(K),

where g*(K) denotes the slice genus.

Definition 3.2 ([1]). The slice genus g*(K), also known as 4-ball genus
or 4-genus, of a knot in S3(= dB*) is the minimum genus of orientable
surfaces in B bounded by K.

Theorem 3.3 ([12]). The map s induces a homomorphism from Conc(S?)
to Z, where Conc(S®) denotes the concordance group of knots in S2.

Definition 3.4 (see [2], [13]). Two knots in S° are concordant if there
is a locally flat topological embedding of the annulus S® x [0, 1] whose
restriction to the boundary components gives the knots. The abelian
group of the concordance classes of the knot in S3 is called the knot
concordance group.

The slice genus g*(K) is known as a knot concordance invariant.

Theorem 3.5 ([12]). If K is an alternating knot, then s(K) is equal
to the knot signature o(K).



Definition 3.6 (see, for example, [7]). A knot is called alternating if
it has such a diagram that the ‘over’ or ‘under’ nature of the crossings
alternates as one travels along the knot. If K is a knot in S® with
Seifert matrix V, define the signature of K to be o(K) = o(V + VT)
where o () is the difference between the number of positive eigenvalues
and that of negative eigenvalues.

Definition 3.7 (see, for example, [13]). A seifert surface for an ori-
ented knot K in S® is a connected, bicollared, compact 2-manifold M
in 3 with 9M = K. Associated to the Seifert surface M for K is the
Seifert form f : Hy(M) x H (M) — Z defined by f(z,y) = lk(z,y™),
where M x [0,1] is a bicollar in S* — K, z,y € H;(M) are l-cycles
in M and y* is the homology cycle carried by y x 1 in the bicollar.
Choose a basis ej, €3, . . ., gy for H; (M) as a Z-module, then define the
associated Seifert matriz V = (v; ;) to be the 2g by 2¢g integral matrix
with entries v;; = lk(e;, €]).

Theorem 3.8 ([12]). If K is a positive knot,
s(K) = 2¢°(K) = 29(K),
where g(K) is the ordinary genus of K.

Definition 3.9 (see, for example, [7]). A knot, with a knot diagram
all of whose crossings are positive, is called a positive knot. The genus
g(K) of a knot K is defined by

g(K) = min{genus(F) : F' is a Seifert surface for K}.

As a corollary, Rasmussen gave a purely combinatorial proof of the
Thom conjecture, which was first proved by Kronheimer and Mrowka
using gauge theory [4, 5):

Corollary 3.10 ([12]). The slice genus of the (p,q) torus knot is (p —
D(g—1)/2.

The (p,q) torus knot T,, with (p,q) = 1 is the knot which wraps
around the standard solid torus 7" in the longitudinal direction p times

and in the meridional direction g times. The torus knot T, , can be
obtained from the intersection in C2of 2P +y? = 0 and a small 3-sphere
centered at the origin.

3.2. Relation with Floer Homology. Ozsvath and Szabo in [10] de-
fine a certain topological invariant for closed oriented 3-manifolds, well
known as the Heegaard Floer Homology. They in [8] derive a spectral
sequence whose E? term is some form of Khovanov homology for the



link L, converging to the Heegaard Floer homology of the branched
double cover (L), branched over L, of S3.

In [9] they use the knot filtration on the Heegaard Floer complex to
define an integer invariant 7(K) for knots. The theorems above still
hold after replacing s(K) with 27(K)(refer to [9]). The natural simi-
larity between Floer and Khovanov homology triggers much research
Interests.
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BNV DB I4MEE = 2 — b 2L HEE

AR 5 AR AR SE AT
A %

1 BINIVMDE14E

n ZHREEL, KK LEOERK X, ., X, KDWTOFEMEKE K(X) &7 5.
K 280 K(X) OESEK LITDWTERS. —#iz, AREOTT fi,...,fic L 1'F
L, LOEBEDOILR K L fi,... i TDOWTOHFBEROFIZEZRES ZENHHNT
WB. T, K(X) DT fi,...,f NEASNEEE, K LD fi,... [, KDWTOH
HX2E K(fr,...,[) 13 K 280 K(X) O8MEIZRS. (£oT, K 288 K(X)
DR ZEEZBIEE, K(X) DARBOITEZEA2ZEIRAUTHS.

RiZ, LEK LD X;,..., X, TDOWTOHERR K[X] DDV LNK[X] KDWT
EAB. LNKX)WE, MEBBLY K 02T 2ERIIOWTHLTEYD, KX O
K B &iesd. —RiC, Wi/ K R A1, ARMEOIT g,...,9, € A BEEL
TADEEDILN K LD g,... 9, TOVWTOZBERDEBICEEDEE, FRERTH
HEVI. BNV EORI4AMEER, K 280 K(X) OS2 LITHL, LnK[X]
WHRERPZE D BDTH 5.

2 BEMNGHER

L DEZDOTCN k(fy,. .., f,) KEECEEOREABRRORITR L XS5 nEREBIES
{fi,..., fi}CL2F%E LEBL. L OEBOTIR [ ITHREEHD 1 AAFRAORIZR
B2DT, WIDIZHRZZEMS LIFLETRY. 3512, GEERCET 2 £ O/
i, ENBRICERDILEZSD I ENAONTVDS. FOfKE L O K EOBBKE
EEE. FURF [11] 1, L @ K EOBBREHN 2 LTS3 L K(X] \SERER
THDHIEZRLE. BT, n<20&EEI L O K LOBBIEITEIZ2UTICAS



DT, LN DB AMEDEZAREENTSH 5.

3 &l

BV b D 14 BEICH T B RADRENT, 1958 FITKHHEE (9] W n =32 D
BAK, K LOBBXREN4D L ELTEXZ. Z0ZENMS, mutwewn*ﬁ
WTHBRFIDEETDIENELIIRKD. EE n>32253 L BARIZ K(X) @
ﬁ@t%@ﬁ,LHKMT:LDKML“W&ﬂ#ﬁDﬂD.Wﬁk,4uh®%ﬁﬁ
Bt idl, K LOBEBREN t THAIRPIOFELEDBEHIND. £IT, ENKT
INETR n TBTBRBIN, £ &N NS RBBREE R DRBINTTIET DN0NRIZ
LS. YURE (1] &0, n B 2UTOBRGIERMIBEELET, £ K £O
HEEBREMN2LATO L BRFNIIED ZEDHIN. n KDWTIE, R&IEFEOENI
FODUFORNEEDVEFHFIN, TNETIC n=5 DHEEFTTREDERINTHE
(cf. [1], [2], [10]). —F, K LOBEBXREIZDNTIE, AkHICLZ 4 ENWIEHFERDE
ABRBFIBINETRDN > TWah o/, LUK, EE 6 M n=3 DHEEITK
EOBBAENIORAIZSZ, ZOMBIIERNICERELR. #MIZE, n>3TK®
BENEDLE,

Xt x4 . ¢ X3
K(XQX1 2XIX] — S Xa - &)QKM] (3.1)
IIHEBERKR T,
4 3O

KT, BN SO 14 BEORRRBEICDONWTERS. —RICTl#is K 8 A
XU, K EOWBER D A— A, F£ED a,b€ ARHLUT D(ab) = D(a)b+aD(b)
MO DEE, A KBIAMATHBENS. B2 AD K BHREETS. 20
EE,

={a € B| D(a) = 0}

W& B DK BZANT BVERZEN, SIEICELTOEHUTWTE MK E S, =
B, a,b € BP 12U D(ab) = D(a)b+aD(b) =0 -b+a-0 =0 DEDMLD. £/, B
WK/ 51E BP 13 B OBz s

79—



K[X) CBF2W0 D CDOWTERS. EROFAEH 1), . t, THL,
D (X Zz‘X“ X=X7'D(X;) (4.1)

MERODILDDT, DEX,,..., X, DR D(X,),...,D(X,) Mo—BHIZEES. T,
1¢ﬂ@ﬁﬁ®n@@ﬁﬁrwﬂ1?ﬂ/D() fiti=1,...,n) ZWET K[X] D
W (41) MOFEES. %> T, K[X] D4 D %Efx%»_t&, D(X)),...,D(X,)
RIS B K[X] D n BMOTEEAS 2 EEAMTSS. K[X] DM D ITHL, K(X)

DWW D' W8
o (g) N D(f)gg_sz(g) (f,9 € K[X],g #0)

Ik 0EESD. Z0EE, KIX)P = KX)? nK[X] DD, K(X)P 3K 28D
K(X) OHHETRDT, D O K[X])” OFBAEREORER, B UL O 14 145
DFERIZHEETH S,
YUZF (1] 26, n<3REEK[X] DEZTOMS D O K[X])P BERERT
HHTENEFB. —F, sULOSERK n I L, K[X)P NERERTRNE S
[X] DWS D OFEENINETIAN S TWE (f. [1)). M—RRRE S n =40
AH, K[X])? WERERTRNE D78 D OFENEE 5| BLU 7] iCL0ESN
. B, K OEENET r N3ULOBRED &,

D(Xy) = r Xy X5 4 r X X5 + (1= r) XTH2,

D(Xy) = rXo XTI+ r X XIH 4+ (1 — 1) X5¥2, )
D(X3) = rXs X5+ + rXs XM 4+ (1 — 1) X5t2,

D(Xy) = (27 + 7 — 1) XT XX}

MOEED K[X] DS D O K[X)° 3ARER TR,

5 Za—brEZHEHE

BNV OE 14 MEORFIZHMRT 220 0EE L BEHIT, (1], 2, [3], [4),
[5], [6], [10] 78 E&FFITIND B7213 Tlx<, THhLUMI b R4 RBEORFIZ 8IS
A, HICOINT B ENAETH S, ZOERTHE, UTOLIITUTRHIZHRT
5. £V, K(X] SHOSEAR K[Y] &L, K[Y] DS D BEUK K& L
TOYRE & : K[Y] - K(X) 288 T5. 20L&, S(K[Y]P) OFtk L(D,®) i K



D K(X) OBMKICR . EXOERIL, L(D,d) NENIL kO 14 HEOK
WERBEDOD & & 1LMTBHLATHERESZ DO THD. TOB, =2
b S EOBMAN BT RS R T

K EOER Y, ... Y, DO—5 ZEHA

F= ) etV (cutm €K, byt € Z)

KL, Zm 0)5&%%‘*
supp(f) = {(t1,-- . »tm) € Z™ | c4y,..t,. # 0}

Z f OB EFEY, supp(f) ® R™ KBF3MA%E f DZa— I FBHEHALIER N
5DHEEDOHELIT, K LD Y, ... Y, KDOWTOSEHEAR K[Y] M7 DITHLTH
EETEDL. Tihbb, DOR%E

supp(D) = | Jsupp(¥,"' D(Y;

K& DED, D DZa— b A% supp(D) D R™ KBITHMEEERTS. HlX
i, BHEKX 42 DXy, Xy BENENY,,.. Y, EMOBA DL TEDKE K[Y]
D5 D DFE,

LDV = ¥ Yy (1 - )Yy
YID(Ys) = rYrH + oYVt 4 (1 — )Y+
YID(Ys) = rY 4 ¥+ (1 - )Y

DY) = (27 +r - )YYSYSY!

2725, {-oT,
supp(D) = {(r + 1,0,0,0), (0,7 + 1,0,0), (0,0, + 1,0), (r,r,r, —1)}

THO, DDOZa— b EZHEFINEERTHS.

BYZa— b EEEOEESZED ZET, K[Y] DWIRZT OO REMEED 7
iz, R™ NORIEOMBEEMmEFIATESL LIRS, IV hOE 14 BBEOBZE
IZ, B a— b rEEAOBSERBHITAIIINETHEO Aok, LhL, $5
BHEORAZEZMRTIHEICIE, DLABRPZIa— M EBHEZEEZI DI EITES
TIEZREPHASNIRS. BNV FOE 14 BEOMMICH, ZTEARZ K AREICIE
HLWDONEE<HD. £HLEZMEICD, BRZa— M E2HEAOHAEERTS
FEOIAZEZRAATZNEZZTNS.
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LENS SPACE SURGERY ON KNOTS IN THE THREE SPHERE
AND DEHN SURGERY ON (1,1)-KNOTS IN LENS SPACES

TOSHIO SAITO

1. BACKGROUNDS

Throughout this paper, we work in the piecewise linear category. For the definition
of standard terms in three-dimensional topology and knot theory, we refer to [19]
and [29]. Let X be a submanifold of a manifold Y. The notation N(X;Y) is a
regular neighborhood of X in Y. By E(X;Y), we mean the exterior of X in Y,
e, B(X;Y) = c(Y\ N(X,Y)). We always let M be a closed connected orientable

3-manifold.

1.1. Dehn surgery. A link is a disjoint union of simple loops properly embedded in
M. In particular, a link is called a knot if it consists of a single loop. Let L be a link in
M. Dehn surgery on L is the operation of removing the interior of N(L; M) from M
and attaching solid tori along 0E(L; M), where @ means the boundary. The following
is proved by Lickorish [23] and Wallace [34] independently in the 1960s.

Theorem 1.1 (Lickorish, Wallace). Any closed connected orientable 3-manifold is ob-
tained by Dehn surgery on a link in the three sphere S°.

We remark that this theorem implies that there is close relationship between knot
theory and 3-manifold theory.

1.2. Heegaard splittings. A triplet (Vi,V5;S) is called a genus g Heegaard splitting
of M if V; (¢ =1 and 2) are genus g handlebodies with M = V;UV; and Vi NV, =
oVi N oV, = S. The surface S is called a Heegaard surface of M. It is considered
that the concept of Heegaard splittings is introduced by Heegaard in 1898. Moreover,
it is proved by Moise [24] that any compact connected orientable 3-manifold admits a
triangulation. Hence we have the following.

Theorem 1.2 (Moise). Every closed connected orientable 3-manifold has a Heegaard
splitting.

EXAMPLE 1.3. (1) Set M = S It follows from a generalized Schénflies theorem
that every 2-sphere in S% separates it into two 3-balls B; and By (cf Section
2.F.5 of [29]). Hence (B, By; S) is a genus 0 Heegaard splitting of 53, where
S = BBI = 632

(2) Let W1 be a standard solid torus in S3. We note that cl(S%\ W,) is also a solid
torus. Let m be a meridian loop of W; and ¢ an essential loop in W, which
bounds a disk in cl(S*\W1). Then [m] and [¢] are a basis of H,(8W1;Z). Let W,
be a solid torus and m' a meridian loop of W,. Let N be a 3-manifold obtained
from S° by removing cl(S®\ W1) and then glueing W so that [m/] = p[¢] + g[m]
in H,(0Wy;Z), where p and q are a coprime pair of integers. Such a 3-manifold
N is called a lens space of type (p,q) and denoted by L(p, q). Then (W1, Wa; S)
is a genus 1 Heegaard splitting of N = L(p, q), where S = W, = oW%.



REMARK 1.4. In this paper, S® and S% x S? are regarded as lens spaces. We note that
5% is homeomorphic to L(1, q) for any integer g and that S? x S? is homeomorphic to
£(0,1).

1.3. Exceptional surgeries. We now focus Dehn surgery on knots in S®. To this end,
we recall some terminologies. A knot K C S° is called a torus knot if K is isotopic
onto a genus 1 Heegaard surface of S3. A knot K C S is called a satellite knot if
E(K;S3) contains an essential torus. A knot K C S is a hyperbolic knot if S®\ K
admits a Riemannian metric of constant sectional curvature —1 which is complete and
of finite volume. The following is a corollary of Thurston’s hyperbolization theorem of
Haken manifolds (see for example [20]).

Theorem 1.5 (Thurston). Let K be a knot in S3. Then ezactly one of the following
holds: (1) K s a torus knot, (2) K is a satellite knot and (3) K 1is a hyperbolic knot.

We remark that Dehn surgery on the torus knots in S°® is completely classified
by Moser [26]. The following is called the hyperbolic Dehn surgery theorem due to
Thurston [33].

Theorem 1.6 (Thurston). Dehn surgery on a hyperbolic knot in S* yields a hyperbolic
manifold except for finitely many cases.

An exceptional surgery is Dehn surgery on a hyperbolic knot in S yielding a non-
hyperbolic manifold. There is a conjecture on exceptional surgeries in [21].

CONJECTURE 1.7 (Kirby). For every hyperbolic knot in S%, the number of exceptional
surgeries would be at most ten. Moreover, if a knot admits ten exceptional surgeries,
then it would be the figure-eight knot in S°. '

We remark that supporting evidences for Conjecture 1.7 are found by Agol [1],
Ichihara (18] and Lackenby [22].

2. LENS SPACE SURGERY

In this section, we will consider Dehn surgery on knots in S® which yields lens spaces.
Such Dehn surgery is called lens space surgery.

PRrROBLEM 2.1. Which knots in 3% admit lens space surgery?

This is one of the unsolved problems on study of exceptional surgeries. It is well
known that non-trivial surgery on a non-trivial knot cannot yield S* [15] and that
5% x S never comes from Dehn surgery on a non-trivial knot [10]. We recall that
Dehn surgery on the torus knots in $3 is characterized by Moser [26]. We note that
lens space surgery on satellite knots in S® is completely classified by Bleiler-Litherland
[3], Wang [35] and Wu [36] independently. Therefore it follows from Theorem 1.5 that
we only have to consider lens space surgery on hyperbolic knots in 52. We now recall
a remarkable result, called the cyclic surgery theorem, due to Casson-Gordon-Luecke-
Sharlen [6]. Dehn surgery on a knot K C M is said to be integral if a meridian loop
of the filling solid torus intersects a meridian of K in E(K; M) in a single point.

Theorem 2.2 (Casson-Gordon-Luecke-Sharlen). Let K be a knot in S° such that E(K; S%)
is not a Seifert fibered space. Let M’ be a 3-manifold obtained from Dehn surgery on
K. If my(M') is cyclic, then the surgery is integral.



Since 1 (L(p, q)) = Z./pZ, we see that lens space surgery on a knot K C S is integral
unless K is a torus knot.
On the other hand, Berge [2] introduced the concept of doubly primitive knots.

DEFINITION 2.3 (Berge). Let (V4, V3;S) be a genus 2 Heegaard splitting of S* and K
a simple loop on S. The knot K is said to be doubly primitive if K represents a free
generater of both m(V}) and m;(V2).

Theorem 2.4 (Berge). Any doubly primitive knot in S* admits integral surgery yield-
ing a lens space. '

He also gave a list of doubly primitive knots in S® [2]. There are many conjectures
on lens space surgery. The following are some of them.

CONJECTURE 2.5 (Gordon [14]). Any knot in S* with lens space surgery would be
doubly primitive.

CONJECTURE 2.6 (Bleiler-Litherland (3]). It would be impossible to obtain a lens space
L(p, q) with |p| < 18 by Dehn surgery on a non-torus knot.

We remark that Fintushel-Stern showed [9] that a certain surgery on the (—2,3,7)-
pretzel knot yields L(18, 5).

CONJECTURE 2.7 (Goda-Teragaito [13]). Let K be a hyperbolic knot in 5% and g(X)
the genus of K. Suppose that a lens space L(p,q) comes from Dehn surgery on K.
Then the following would be hold.

(1) 29(K) +8 < |p| < 49(K) - L.

(2) K is a fibered knot.

It is confirmed by Goda-Teragaito that Conjectures 2.6 and 2.7 are true for knots in
Berge’s list.

We note that Rasumussen [28] proved that if a lens space L(p, ¢) comes from Dehn
surgery on a non-trivial knot K C S3, then |p| < 4g(K) + 3, where g(K) is the genus
of K.

We also remark that Ozvath-Szabd [27) studied lens space surgery by using knot
Floer homology.

3. DUAL KNOTS

Let K be a knot in M and M’ a 3-manifold obtained from Dehn surgery on K. We
recall that Dehn surgery on K is the operation of removing the interior of N(K; M)
from M and attaching a solid torus V along 0E(K; M). Then a core loop of the filling
solid torus V, say K™, is called the dual knot of K in M’. We remark that E(K™; M’)
is homeomorphic to E(K;M) and hence K* admits Dehn surgery yielding M. In
particular, if M’ is obtained by integral surgery on K C M, then M is also obtained
by integral surgery on K* C M’. Then Problem 2.1 corresponds to the following.

PrOBLEM 3.1. Which knots in lens spaces admit Dehn surgery yielding $37?

Let K be a doubly primitive knot in $%. Suppose that a lens space L(p, ¢) is obtained
by integral surgery on K. Let K* be the dual knot of K in L(p,q). It is proved by
Berge [2] that K* as above is obtained by the following construction.
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DEFINITION 3.2. Let Wy, W, m, £ and m’ as in (2) of Example 1.3. Let D; (D, resp.)
be a disk in Wy (W, resp.) with 8D; = m (0D, = m’ resp.). We fix an orientation
of m and £ as illustrated in Figure 1. By attaching a solid torus W5 to W; so that
[m'] = p[€] + ¢[m] in H(6W;;Z), we obtain a lens space L(p,q). The intersection
points of m and m’ are labelled P, ... P,_; successively along the positive direction of
m. Let t¥ (1 = 1,2) be simple arcs in D; joining Py to P, (k=1,2,...,p—1). Then
the notation K (L(p,q); k) denotes the knot t¥ Utk in L(p, q).

It is easy to see that K(L(p,q); k) is a (1,1)-knot. Here, a knot K C M is called a
(1,1)-knot if (M, K) = (Wy,t1) Up (Wa, t3), where (W), Ws; P) is a genus 1 Heegaard
splitting of M and %, (¢, resp.) is a trivial arc in W; (W, resp.). (An arc t properly
embedded in a solid torus W is said to be trivial if there is a disk D in W with t C 0D
and 0D\t C OW.) Hence Berge’s result implies that (1,1)-knots form an important
class of knots. In fact, (1,1)-knots are studied in various contexts. (See, for example,
(4], (5], (8], [11], [12], [16], (17], [30], [37] and (38].)

We remark that it is not necessary for any knot represented by K(L(p,q);k) for
some integers p, q and k to admit integral surgery yielding S°. It is proved that there
is a necessary condition for K (L(p, q); k) to admit integral surgery yielding S°.

Theorem 3.3 (Corollary 1.2 of [31]). If integral surgery on K(L(p,q);k) yields S°,
then k? = £q (mod p).

As an application, we give a partial answer on Conjecture 2.6.

Theorem 3.4. If Dehn surgery on a non-torus doubly primitive knot in S3 vyields a
lens space L(p, q), then |p| > 18.

We remark that there are some papers on Problem 3.1. For recent papers, see [7]
and [32].
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Optimal long-term investment in a model with
memory
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"Transcendence of infinite products of several variables

BIREERY - BMT2H%KR A HE (Yohei Tachiya)
Department of Mathematics, Keio University

1 Introduction

A complex number « is said to be algebraic if it is root of a non-zero integer polynomial
P(z). If an algebraic number « satisfies some monic polynomial equation with rational
integer coefficients, we say that « is an algebraic integer. For an algebraic number a,
we denote by || the maximum of the absolute values of its conjugates and by den(a)
the least positive integer such that den(a)a is an algebraic integer, and define ||a|| =
max{|a], den(a)}. Then we have the fundamental inequalities

o > ||| -0 (1)

for a nonzero algebraic . A complex number that is not algebraic is called transcendental.
In 1844, Liouville gave the first example of transcendental number, which was Y e 107F,
In the case of infinite products, we have the following;

Theorem 1. Let a be an algebraic number with 0 < |a| < 1 and {ex}r>1 be a sequence

of positive integers satisfying klim % =0. Then []ee,(1 + a®*) is transcendental.
L— 00

Theorem 1 can be proved by using the inequality (1). Applying Theorem 1, we see that

the numbers [Tp2, (1 + o), [T52, (1 + o), and [, (1 + a**) are transcendental for an
algebraic number a with 0 < [a| < 1. On the other hand, Mahler [4] proved the following
theorem.

Theorem 2. Letr > 2 be a rational integer and o be an algebraic number with 0 < |o| <
1. Then [[2,(1+a™) is algebraic if and only if r = 2.

The author (8] generalized Theorem 2 as follows;
Theorem 3. Let K be an algebraic number field, r > 2 be an integer, and
oG
ke
2(2) = [T (1+as™),
k=0

where ay € K for every k and log||ax|| = o(r*). Let a be an algebraic number satisfying
0<|al<1andl+aw™ #0 (k> 0). Then ®(c) is algebraic if and only if at least one



of the following conditions holds:
(i) an = 0 for every large n.
(ii) r = 2 and there exists a oot of unity w such that a, = w*" for every large n.

Nishioka [5] proved that the numbers [],2,(1 — o), r =234, .. are algebraically
independent for any fixed algebraic number o with 0 < |a| < 1. Furthermore, Tanaka

[7] proved the algebraic independence of the numbers [[7o,(1 — ai*), ¢ = 1,2,...,n,
for a linear recurrence {ay}r>o and algebraic numbers oy, @y, ..., &, under some suitable
conditions.

Duverney [1] introduced an inductive method to prove the transcendence of the number

> o

25 1 p?

pa a®" + by

where a (|a| > 2) is an integer, {bk }x>1 is a sequence of integers satisfying log|bi| = 0(2),
and a2 + by # 0 for every k > 1. Recently, Duverney and Nishioka [2] developed
this method and gave a transcendence criterion for general series. As applications, they
established necessary and sufficient conditions for transcendence of the following numbers

> a hd a
k k

where {ax }r>0 and {bi } x>0 are suitable sequences of algebraic numbers, and F, and L, are
Fibonacci numbers and Lucas numbers defined by F, 4o = Fy1+F, (n > 0), Fo =0, F} =
1 and Lpty = Lpy1 + Ly (n > 0), Ly = 2, L; = 1, respectively. Recently, Kurosawa [3]
generalized Theorem 2 in [2] to several variables case and deduced arithmetical properties
of > res R:—”:{_;, where ¢ > 1, d, and r > 2 are integers and {Rp}n>o is binary linear
recurrence of integers which has real characteristic roots. Under the same conditions on
¢, d, and r, the author [8] gave necessary and sufficient conditions for transcendence of

the following numbers;

%) 0
g Ok
14 ) , (1 ; ) ,
l:!;[() ( Fcrk-}-d g Lcrk +d

where {a, }n>0 is sequence of algebraic numbers with log ||ax|| = o(r).

2 Theorems

Let K be an algebraic number field, O be the ring of integers in K. Let 7 > 2 and L > 1
be integers and K'[z] = K|z, ..., z| be the polynomial ring in m variables z, . . ., z,, with
coefficients in K. We define a transformation Qnz = (27",...,2) for z = (z1,..., zm)



and 2* = [, 2%, |\ = 7, A for A = (A, ..., \y) with nonnegative integer entries.

i=1*
Let
had Ek(ka)
o =
O(Z) kg) Fk(ka)v
where

Ep(2) =1+ Y and', R =1+ Y but*€ Kl
1<A<L I<IAILL
with log [|aks||, log ||bkal] = o(r*), 1 < |A| < L. Suppose that r( %/2 — 1) > 1 and there
exists a positive integer D with DF(z) € Ok|#] (k > 0). Then for an algebraic point
o = (a,...,0n) € (K*)™ such that the absolute values |av|,. .., |am| (0 < |ay| < 1) are
multiplicatively independent, we prove the following;

Theorem 4. ®¢(a) is algebraic if and only if ®¢(2) is a rational function with coefficient
in K, provided that Ex(Qa) Fy.(Qra) # 0 (k > 0).

As applications, we obtain the following results. We denote by Q and Q the field of
rational and algebraic numbers, respectively.

Theorem 5. Letr > 2 andm > 1 be integers with r( ¥2-1)>1anda = (a1,...,0m) €
(K*)™ be an algebraic point such that |ou|, ..., |am| (0 < |a;| < 1) are multiplicatively in-
dependent. Let {ai}r>0 and {bi}i>o be sequences in K and in O, respectively, satisfying
log ||aki|, log ||bkil| = o(r*) (1 <4 <'m) and let

o0 k k
1 rh L T
B(2) :H( tanat + +akmzm))

oo \ 1+ b2} + -+ bgmars

where 31 gl ST bof” # —1 (k > 0). Then ®o() is algebraic if and only if at
least one of the following cases is satisfied:

(1) @ni = bpi (1 <7< m) for every large n.

(i) m =1, r = 2, and there ezist roots of unity wy, wy such that an1,bn € {0,w?", W
for every large n.

Corollary 1. Let r > 3, a, and b be integers such that |a| and |b| are multiplicatively
independent. Let {ax}r>o0 and {bi}rso be sequences of integers satisfying log |ax|, log |bk| =
o(r*) and beb™ | ag + bpb™ £ —a™ (k> 0). Then

(s ] a
1 - =
(14 5 5)

k=0

is algebraic if and only if ax = 0 for every large k.
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Corollary 1 can be proved easily by applying Theorem 5.

Let a, b, and ¢ # %1 be integers such that the polynomial f(z) = z° — az? — bz — ¢
is irreducible over @ and has a positive discriminant. We consider the linear recurrence
sequence {R, },>o satisfying

-an.—}-3': aRn+2 + bR’n+1 + CRIL) n 2 0: (2)
where Ry, R;, and Rs are rational numbers, not all zero.

Theorem 6. Let {Rp}n>0 be as in (2), r > 4 be an integer, and {ax}i>0 be @ sequence
in a fized algebraic number field K satisfying ax # —R (k > 0) and log ||ax|| = o(r*).

Then "
. a
H (1 - Rrk)

k=0
Rr" #0

is algebraic if and only if a, = 0 for every large n.

Since the polynomial f(z) = z® — z? — 2pz + p with a prime number p is irreducible

over @ and the discriminant D(f) = p(32p* + 13p +4) is positive, we can apply Theorem
6 and obtain

Corollary 2. Let p > 2 be a prime number and {R,},>¢ be a linear recurrence sequence
satisfying
Rnis = Royo + 2pRyy1 —pR,, n >0

with arbitrary given rational numbers Ry, Ry, and Ry, not all zero. Let r > 4 be an
integer and {ax }k>o be as in Theorem 6 satisfying ax # 0 for infinitely many k. Then

oo
IT (14
k=0
Rrk¢0

)¢a

Qg
R
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—5., WHENRERZBNZETERHE VyOxidRY >, VORI 7 oIV I 4 YR TR
N2HOIFIEL TS, FE, V, DT EROET 26, ZhiBEO ) -z s
720, TR EIRENS B0, HENIZIEZV, DT L V, OTOFEIMFEICE - TED NS
XFREEBRTS2RAFBRRETHLHLDITE U LGNS,

ZDEIEBY —REEY—BOFBIH > TSI, V—REDBELRARICEREHEEZN
WWEWwat, CZT—oOENHS. ) — R FRe—RLLz@ETHB L5203 U—
BEBABEWS &G, —BRICTBEFRSBNRED (M LDE] 2EZTNEEVD AN
TES, B —RERV, KENWIRH, Vv KEAUETRERETHZ0T, Ik d3 kR
FHDHETIEV, TRAIMOESGNWE, Vi TRRAIBOESVNEZFH>TWEENSIZETHS.

COXIREREESETEEDIC, BY —REOMEY TH BB Y —BHT. TTHIDEE L [
I, R BEO R DB L L TERRINEIHINEE LN ENIZIFNETL S, Z0
KD IRIERIMBREITBE A LIEIN DA, £ (B) 2B ) —RECHET2H01EED
KIRBEMTHENEND LIANSUHDS. min KITB )~ F T, FOEED 2 DDTITHL
TETOEMBEN0 LD bDEEXD. F=F o 3X7 MVEMOBEFHTHEDT. ¢, - e
WFROERE. fi, fo NP OEETHEEIRFOEE e, - em, f1, -, fon MEND. Th
SOEMBERBIETOTHDILENSE, FOMNBENERENS LD M) 1. koL Habo
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THHZEEHFELEWL, TROG. e, - ,em KRBT BHEE 4y, um EEWIZE#RTH D,
fioo  fa RIS T BER £, & BEVEIRAIBRTSH D, 51y & RARTHEILEEE
HID IOEOREMBBKATIELEEZRZINTIIWARNDOTHSN, LToRbE2HEICTS
DI OFEBRZERE TR EIERZ &12T 3,

ZIZT, ZOLOREMLED THE ELTREDEIBBDEZEINEILWNEND T LEE
ZIWOTH2N, RUZMHEICTZ2DIC, £TEREAK F "EERBOEREEX 5. R L
DEEALENZ TR R RE CWR™) 1E. BWRABRBERT 21, -, Tman 1ICE 2 TER
ENDAHMRRE Rz, Tmyn) KABTHS. 65T, R7I® OBBRIL, LOHMZHELT
ur, o Umy &1, KK D TERSNBIEAE R KRB Rlug, -+ ,Um, &1, ,6] THDHELTH
THEEFERATRANEEASNS. RAEMELD (62 =0G=1,---,n) THBD,

R[uly"" )’U‘YTHE].’... )fn] ’:VR['U'I)"' aum] ®RA]Rn

 TH5.

UERSERBICHT 2HMTH DN, ThE O BRICHIET 370103 Rluy, -, um] ® AR™
RRXTC®R™) QAR #EXIUTINEERDN S (RAMAERICEL TIREDRS 2 Tt &7z
270) . FIT. C(R™)@AR™ £, R™" Ld C° MEORTEHENSIESEADHT C2(R™)
EMLSL T w0 U B R™ OFEEREICET S EERR. &, - 6 B R OEEEEETH
B (ua, ey um, 1,00 5 &) TR DEHERMIZTN, ZOIBuy, - uy, 2R B, £, &,
E7)VIAVEEEIRESR Fiz, R™ i min KTBEEEIEENS.

KT =Nl —RECDWTOHBTH DM, T TIIMHBEDEZDIT s1(1)1) 0HEEHK
D, FROGEEHR EOFRATTE) —REICH L., GIEOHE#S 2EAE T HiorEE<

BERAREEEDNS.
sl(1)1) := {(i*-b->;a,b,c € IR{}
cla

sI(1]1) IEEfTFZ AL,
TREIN, TORED1DELT. {(1 0), (0 1), (0 0)}7%57:& C DR

01 0 0 1 0
ERAVTIHE
(o2)(o0) (GGo)(os) (To)=(a o)
= — —
01 0 u 0 0 0 0 1 0 &H 0

£ AN, sl(1]1) l:ﬁﬁﬁ'@“%fﬁu&i( v & ) EI2B (u,6r, 6 1 RYZ OB, T 0% > ekt

&2 u

IEOSEHENHEEDOMD AIXLDA, TOBEVIZ) —EEEZ D ETIRARN TN ([2)).
CO’)( u El)ll’.i‘#b’('\ exp( u €l)’c’\?

&2 u & u

k
< (A _=°°i u &
ep(&z ) Zk(f )

TEHTD. TOHMBIIPIRL T,

v &\ _ [ e+rgask b
P ( & u ) ( e“éy e — 616, ) M
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ELBM, TIT

v =e* + %Elfz vg = €¥ — %5152 m=e" mn=e"y
kiﬁ"j’bix Zhid ]R1|2 @E% (U, fl,fg) & R2|2 @Eg*% ('Ul,vg,?'h,ng) t’éﬁﬁﬁﬁﬁ'f“é BB
EMTE, o Texp I RIZDSE R AD B EHBIENTES. ,

X (1) RN R AD [Bf) 252208, RP? 2R, x ROPICHETHIE, (1) 1y, 6,8
WDOWTHT CTexp OHEHEEZXS. HL., R2 ZHIBITDEEIT v, HAMZFHRT D vy AAEIRT
M2BEOOHENHD., (FLIHoEH2M) FNZE>TROENEIDOTHZH, NiFEL
5% exp DWEERTHBDT. ZOEWIIBELHITMA 5720,

exp~! 1d BEARR (vi,m1,m) PHET

1 1 1
u = log(v1) — ﬂmﬂz & = aﬂ & = Enz,
E‘f‘:%% (”27771;"72) a)t)t_f
1 1 1
u = log(va) + %%‘771772 & = Em &= Eﬂz
THD, Ulzdi-o THEELHIX
1 1 1
Up = VL= e = nm M= L (2)
THd. ZIT om,mp &0,,7, 1. BEEHE R 25 RN2 ADXDASD & HBIHN 5I13E UE
BETHHH, BEREOEERRE L THRERZEEEATVS, Thbb (2) 1. EBER (v, 71,7)
MEEIER (vg,7,,7,) “DEEEBREEZTLIEOOTHS.

CDEIICBEMZBELRERANTIHNALELLONBERETH S, I THRIN-BE
B, B —REs(1) A5 —EEEAZ I ERL> TESNEBERAE LN BEHREAD
T SL(1[1) EEE,

1 EHCIIESHRERESREEORMEZHE L TERIND ([2), [5]) A%, ZHUIAREEAZE
BT 5 variety DEAF &, LTAROEREL THAERZHDEEDD L NWIBT-RIETE LN
SRMVOEEREITHDELS XD ENTES. EThRANE 1B 130> TERIZRTE2MO
FOH &L TERSNEEICTRER TRV, BH OSRERICB T 2AMIBEHE FREO®RE
ERETEVWITHZHTAEDIRSGAT IEH Ehnik.

B)—#2)—HO—RbEFRTHEDITIE. BY—RICHIIH LI BEENEEINT
Wiz san, ZoFTREREGERWTEESRZRD TS0, YR M LTI
THIOEELTEALBND DD EFEAZTIIRS W, SL(11) O T8 AR FEE (vy,m1,m),
(i,nl,m) ZRWT G, nl, 0 RENTN v, 9,9, DIE—),

A(v1) = vy + M)
, 1 1
A(m) = vimy +mv) — v—,mnin& A(n2) = navy + vi7y — v—mnzné
1 1
Ents, EL.

(v1,m1,m2) X (v1,77,75) = (A(v1), A(m), A(n2)) (3)
ENDEEERNTNDS.
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i 2 (3) TREEHZHT-DITERAMNRBEEH 2R o0l BRI C°(SL(1|1)) MR ELTEHA
SNTHIREALOBEEEND [FH) Z2HRBVWDIC, BU—F0 FHE BIROEELTHEE
HTERVL, TOLEDIIHEBRERLTH 2> TRHEOKHARETHDETAD TR ZHND.
L[ 2Bl

BY—REE) — R EOMICY Y —HESA D 3D T &1 Berezin-Kac ([3]) &> THEHSH
S B ERTONOREZEOH DR OSEOFINYISTTHD LEONS,

2 Maurer—Cartan Rt

EREOEREERTH 1 DOAEELT, ERLEDIBRELTERTIODHNHEH, 8%
BRELTIOXIRDDEZZ DI B OMEDRERINTVIHENRHS. ZZT
HEIEFEE SL(11) DHEEEEIES.

Ce(R'?) D MR BHREBERT dvy, dn,, dne PIERKRT 2 HEB C°(RY2) mE QUO(R2)
DLELTEREIND, EELENSFEINS 1 BROEBITET OHE & R,

du; = %dvg + g—;})idm + g—;;dng
(A7, 4 WO WTHRNR) 2 ELED D, TITHY VERICE 5H0 £ IBEROMS 25 1l
LA (BL gy, BERT D), T34 VERICE DM 52, 2 KRERPBRTSHS. A
MISBEORINE—RLELT, 2 7ebilby LEDNBEIRRDLICERTZOTHDA,
Coo(RU?) BHETHAK THZDT. ETTROM>TIIADIMIL> TRAERENETL 3. 22
TI I T, W 5?7—{ 3, STHO—BERMICHZRED g, EXDONTIRBZEVDERZFAY

5. (BDOMBENRE g PEITNEH0ITBEEELETS) COXIBWAPEEMSENDTLHH B,
CNTHAPEBTEZRDOT, SLA|) KDOWT 1 BROEHREHETS &

1 1 1 1 1 1
dvy, = d —podn — —m  d = ——=md —dny dfz = ——=n.d —d
vp = dvy + vlnz m Ulfh 72 dm v%m v + o 4 A v%ﬂz v+ oy 4m

&b,
ZIT. OREEGROERICENL, SL(11) i C°(R2) RED 2 REFTFIERD T &AW
k5, ZOFFEX ELT. THED 1 ER o= X1 -dX 2120,

az(@—ﬁm&—%ﬁz dé
dé, du — 362d6 — 161dé,

ZHUE SL(1]1) D Maurer-Cartan ERIZHIET 2D EE X THERZVWES IKEDNS. h%
FERE (Ul,ﬂl,nz) Fo I EBER (?)2,’7)11_]2) * blfcﬁﬁ‘.}:%?ﬁf&ié ZERESTHS.

3 NhoDRE

EROBERETTOEBERED LD MV O %D Z &4 Batchelor([1]) 12 & 0 3EH
ENTHYD, TOEDBERERIEINY MNROBMELMIRTEIELTES. ZOLEIRERD
BETEH, BU-HEZEZDEWSI&E. M) —BIUEWN, Ll HEERTRESHEETYED
KOV DERF LT ZRDORT FIRERD EVINBBWMB I ENTES. ZOLST
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B B BENSANIREZH SN TWAENE S TH BN, F1HTO LRI, 81—
REITENRE S EVBEREE ORETH D07, TINSFEININHEEFOR) — B2
TR LR B EVIBEORFNEREERTILTHEETHDLIITEELND,
ZFOLEIRBEDOD ETIR. B —BOSHREOCBLEREAOERAT. FEEMO HELERER O
BEERBERENWEETH L OIEDNS.

—F. INY EMDEZFERN, —ROBEREIDVWTHRLLEOBATEREEET D
T EMHEDH, TNIZRICERZEIBREBERTHAKENREZRTH S LEbND. BEOLERE
MITHLUTEOMAEENSREBARZ ML - N R BXEEN RV E) 22203, 7
DN RIVICBEREOEEZ -5 ZEMNHRSD. ThOBSMHREE L TOMEIZ, BFH
RELTOUDAERTHDERMIZ, M EBEOSHREE L THLEZDOREEL DR H>TND,
ZDEIBAERIEHEOBERERDN O EENBROHIZIAFAERTHENEINIERAKT
HoDH, BEREORKEICED, IS L TEEIN-MHBIILEE M ICHL TEFOBRX D ER
DD ZEDED., JVEZEDBEREFDODRLEETHHENI T ENPFINS.

BE 3k
[1] M. Batchelor, The structure of supermanifolds, Trans. Amer. Math. Soc. 253 (1979) 329-338.

[2] F. A. Berezin, Introduction to superanalysis, Mathematical Physics and Applied Mathematics
9, Reidel, 1987.

[3] F. A. Berezin, G. I. Kac, Lie groups with commuting and anticommuting parameters (Rus-
sian), Mat. Sbornik (Novaya Seriya) 82 (1970) 343-359.

[4] V. G. Kac, Lie superalgebras, Adv. Math., 26 (1977) 8-96.

(5] D. A. Leites, Introduction to the theory of supermanifolds, Russ. Math. Surveys 35 (1980)
3-64.
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JRWD 5 ZADBENTHT %
Agmon-Kato-Kuroda EHIZDWT

U TR
AT

LX(RY) LOMERFE Ho, H & Hy = —AH =Hy+ L EBL. ZZTA =Y & Cok
5 IRHEH L ICH U CHIERTE s — limy_, poefte=Hot REIEL A L BH &0 S MBI DL
T lonescu and Schlag[2] D#EFR (B 4) 2N 5.

WEMERFAESR L1 Range(Ws) = Range(P..(H)) £785 Z &, T T Range(Wx) 1 W
DIER, P, (H) W& H OAEX ERET 2 L2(RY) . (H) NOFREEMFZE Uz, Mot Eigitagze
FMERH = [ MEQ)) 2HOARYT MVABEL, WE p, 2 R ORLIVES BIZHLT

pu(B) = (E(B)u,u) EEHTB &,
LA(RYge(H) = {u € L*(RY) : p,td Lebesgue MBI L THExHER }
D& ERBHREGRS M L2(RY), (H) &
L2(RY),o(H) = {u € L2(R) : potd Lebesque MIBEIC B8 L THeBiigt )

EFEHT D E LM(RY) 0o (H),LA(RY) o (H) 12 LX(RY) OEBAEMICRS. £ H OHKHERER A
7 BV ooc(H), REFART MV o, (H) &

Oac(H) :=0(H [ LQ(Rd)ac(H))

Jsc(H) = U(H rL2(Rd)sc(H))

LERTD. IITo(H)RHDARI MVELZHIARHDANOHIRE L. BEHERR
DFELEEHITDNTIIRD Agmon[l] DR (EE 1) M 1970 FEITREN TN B,

R 1 H=-A+V &T5. V(z) = (L+22)"12W(z) THO W iE Hy It LTHM I 28
7 b &ETHERBMEER s — limpooetfte Mol BRBEELTRE.

CCTLPR) == A{f |l fllzoe:=|l (1 + 2)7 f() || 1o(ray< 00} W A3 Ho WZABXEIIC O 278
FT®H % &I Domain(W) > Domain(Ho) TH D, u, € Domain(Ho) 1D {unnen, {Houn }nen
B RIZS I (Wup ey RINEESAFIZHO L NS KERBATIE. FE 113D EF ORI
JF

EE 2. Ao >0,0 > 1/2

sup || (H — (A+1€)) 7! |[p2o5p2.-0 < C(V, Ao)
A>Xg,e>0
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IREXINS. ZOEBRIUERE trace-lemma
EE 3. o> 1/2RHLT
I £ llz2(sa-1y< C || f [l gz (rey

EfoTHAIND. TS i={z e R?: |2| = 1}.
2004 4E1Z Tonescu and Schlag[2] 14 admissible perturbation &IEIEND K DAV 5 A DEEC
LU THBERAROFEEER2E TR UL (B 4) .

Dj={zeR:|z|€[271,2]}, > 1,Dp = {z € R? : |z € [0,1]},

EBE,NFYNEHE B,B* %

oo

B:={f:R*>C:|| flla=D_ 2| f llz2p;y< o0},

=0
B = {u: R > €1l fllgs=sup 2" | wllisco ),
12

EEHETD.
YR 7EE Wer %

Sa : S'(RY) = S'(RY), 84 = (1 — A)/2,

WP = {u € S'(RY) : Sar € L7} || w lwa =1l St 125,

EEHET DS (RY i RY L OABMSEK DL,
pa:=(2d+2)/(d+3),p,:=2d+2)/(d—1) £BE, BRENFEE (FE 4(d)) TEINF v
NZEB X, X* %

X =W Y L S (BY || fllx:= in _ (S-1y@eny s lzg + 11 S-1f2 |8),
fitfa=f

X* =W EDPen S (B*), | u || x+ = max(]| S_y j(as1)u a0 Il S1u lBe),
EEHRTD.
EF; 1. LD admissible perturbation TH 3 EIIUTORSEMIZT I L.

(1) L(X* X) % X B5 X* ~OARMUERZOSTEMETSE L e £(X*, X) THOEED
b9 € S(RY) IR LT

< Lg,p >=< Lap, ¢ >.
(2) EEDe>0,N>0iT/HLT AN Bye € [1,00) WEEL u € X*, v € (0, 1]

v aLullx< ell pnaullx- +Ane | ul{zi<ry.y llz2

T pnyle) = e 1, W E O #MKET S,
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(3) EEDEE J>1ITHMUTA;,B; € L(X* L), 1<j<IDBFEELT

J
< L(b,’t,b >= z < Bj(/),Aj'l/J >

=1
LD IBIMERDPILj<IRML A;,B; RL? LOFERMERRLERAD L
Domain(4;) D W'3(R?), Domain(B;) D WH2(R?)
ERBEBRBLORRERAREZ> TS,
FE 4. L # admissible perturbation, H = —-A+L £ T35,
(a) H1Z
Domain(H) = {u € W"*(RY) : Hu € L*(R%)}
LOBCHEIERRERS.

(b) 0,p 13 H OEEEET D, HBEFEE = 0,,\ {0} KR\ {0) OBBIES. & 51CkEEE
BOEHERIER,

(c) HD QUADEFEIIHSZEERY My KDWTEEOERE N >0 I1IZHLT
(1+]z)Y e WHA(RY)
(d) IC(R\{OY\ERAZNRT b ETBE

sup | (H-(A+i€)™ |lxox-< C(L,I) < o0
Alel,ee[—1,11\{0}

(e) HOREERANYT b oy (H) = ¢. HDOMEERARYT M oy (H) = [0, 00)
(f) WEMEER s — limyzooetteHHot ITFEEL TRE.

Ionescu and Schlag 3% L WIEIRHIURE (FIE 4(d)) 28> THIMERZOHFE 22N
AERRL 7=, T ORERIKIVEIRIL Stein-Tomas HlfREHE

T 5. py= (2d+2)/(d+3),d>21THLT
I £ llz2se-1y< C || f l|Lraqra
(< B % U e SAIARHT OB [3] B> IS M5,

SE 3K

[1] S.Agmon, Spectral properties of Schrédinger operators and scattering theory ,Ann.Scuola
Norm.Sup.Pisa Cl.Sci(4)2(1975),151-218

[2] A.D.Ionescu and W.Schlag,Agmon-Kato-Kuroda theorems for a karge class of perturba-
tions,Preprint (2004).

(3] E.M.Stein,Harmonic Analysis:Real-Variable Methods,Orthogonality, and Oscillatory Inte-
grals,Princeton Mathematical Series,71,Princeton,NJ(1993).
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Propagation of Singularities for Non-
linear Wave Equations

Shingo Ito
(Science University of Tokyo D1)

We consider the propagation of singularities for the following semilinear wave equation,

n—1
Ou = f(w){(8u)? — |Vul®} + g(w)Bu + Y _ g;(w)d;u + h(u), (1)
Jj=1
where
92 =l 92 3 9
n—1 - R e g— ;TS e
(bz) eRxR™, 0= ; 57" O = O E
f) g, 4i, hecoo (Ii:la Ty ’I’l—l)

Here, right hand side satisfies the null condition(Def 1.4). We first introduce some nota-
tion.

Definition 1.1 We say that a subset K of Ry x (Rg\{0}) is a conic set if (z,) €
K implies that (z,tf) € K for any t > 0. We call v is in H ,(zo,&) if there ex-

ists a smooth function ¢(z) supported near zg with ¢(x¢) = 1 and a conic neighbor-
hood K of & in R™\{0} such that

(€)7 xk (€)|du(€)] € LAR™) 2)

where y () is the characteristic function of K and (¢) = (1 + 3 ¢2)/2.
If " is a closed conic set in Rz x (Rg\{0}) (that is, conic in the £ variables), we shall say that
w€ H(T) ifue H (z, £) for all (z, &) €I

Definition 1.2 Let p(z,£) is a characteristic polynomial of differential operator P.
The curves z(s), £(s) are bicharacteristics if

dz; O d§; 5;
T ), PR ) G=1 o, m) )
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B¢, 9z, %£> p =0 we see that p is constant on each of these curves
j=1 J J J J

; one on which p vanishes is called a null-bicharacteristic of p.

example 1.3 We consider the null bicharacteristic of O, with symbol 72 —¢2. The null bichar-
acteristic through the point (0, zo, 70,&0) with |7g| = £|&g| # 0 is the straight line

I'= {(t7$’7_01£0) T =20 — (fo/To)t}. (4)

Definition 1.4 Let F'(u,v,w) a real valued function in the variables

(u,v,w) = ('U,,’Ul,"‘ yUn, W11,y Wyg, 7wn,n)

with ¢ £ j running from 1 to n, smoothly defined in a neiborhood of origin in R x R™ x
R#E. We say taht F'(u,v’,u")(where v/, 4" denote the first and second partial deriva-
tives of u) satisfies the null condition if, for any X = (Xi,---, Xj) such that X7 —
S* 5 X? =0, the following identities hold

n
82 F
— XX, =
ij=1 Ovidv; ° R
n 2
> ——aixixjx,c:o (6)
i k=1 6‘0,;311),‘0'
i<k
n 2
> s e ‘?_5 XiX;Xp X, = 0. (7)
i gzt O BTk
1$7.kEL

In [2] Beals proved that following theorem for propagation of singularities in the sence of mi-
cro local Sobolev spaces.

Theorem 1.5 (Beals) Suppose that U is an neighborhood of zg, f is C®, and that u €
H3(U), s > n/2, satisfies

Ou = f(u). (8)

Let I' denote a null bicharacteristic for (0 and suppose that u € H® NH ,(zo, &) for some
(zo, o) onT'. Thenu € H*NH. ,(T) if r < 3s —n + 1.
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This proof is a bootstrap argument which uses Hormander’s propagation of singulari-
ties theorem for the linear operator (0. Moreover in [2] Beals proved that following theo-
rem about Ou = f(u, Du).

Theorem 1.6 (Beals) Suppose that U is an neighborhood of zp, f is C*°, and that u €
H:(U), s> n/2 + 1, satisfies

Ou = f(u, Du) (9)
Let I'" denote a null bicharacteristic for (J and suppose that
u € H° N H, (zo, &) for some point (zg, &) on T

Then v € H*NH] |(T) forr <3s—n —2.

In section 2, we give an improvement of theorem 1.6 about condition of s, r for the equa-
tion (1).

2. Propagation of singularities for (1)

Theorem 2.1  Suppose that U is an neighborhood of zg and f, g is C%. Sup-
pose that u € H*(U), s > n/2, satisfies

n—1
Ou = f(u){(8)? — |Vul?} + g(w)Bu + Y g;(w)dju + Au),
j=1

Let I" denote a null bicharacteristic for O and suppose that
u € H] (zo, &) for some point (zg, &) on T,

then w € H] ,(T') forn/2 < s S <25 —n/2.

Remark When n/2 < s £ n/2 + 2 this theorem is better than theorem 1. about condi-
tion of s, 7.
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3 X7t de Sitter ZERADZREMN CMC 1 fhiElc DWW T

WP KZEREREANZESEMN D2 #Z #— (Shoichi Fujimori)
Department of Mathematics, Kobe University

M c C %EHE4 Riemann M, 20 € M £ 5. M FOEEREE H ¢ & M £D
EH] 1 AR w I LT, g DE w OFEN—HL, w OFBFADOAEHFIGS
T3 g DBDMED 2 BICELWVWETS. TOLE, F=(Fu): M —SL2,C) %

)
Frap={9 9w Pl)=["°
1 —-g 0 1

BRETIEDABETBE, f = FF* . M — H? 1 3 XeRehzerd H® AD
IR 1 (CMC 1) DIFDARICHE D (Bryant DEBRAR (B, UY1)]). 7L
H3 = H3(-1) = {AA*; A€ SL(2,C)} &I T. —H, M DHBE z T lg(2)] > 1
rL,

0 -1

EBLE, fiE 3 Rt de Sitter Z2 ST ADZERIAY CMC 1 13HIARICZ S (FEIL -
FFINOERBAR [AA]). 727U S3=S3(1) = {AeA* ; A€ SL(2,C)} LHixT.
f, f Tk BFEEIE ds?, d? 3TN TFh

ds? = f* (dsgg) =(1- gg)zwa;, ds? = f* (dsi‘;{a) = (1 +g§)2wu§

f=FeF':M—-$8} e-= (1 0)

TE5EZ6N%. £z, f, f O Hopf #% Q, MHAN Gauss Bi% G k&b
dFy,  dFys

dFy  dFy

THEZOHN%. ¥ (g,w) I& Weierstrass data, g i35 2 Gauss R EFIIN 3.

H3 D CMC 1 idHidHiE, EiRD Bryant ORBEARERAWT, HEHMEK, (1
HYEKREBERS ZHLE UTEL OMFEBICE > THIEINTE . BIcEMDOERE
EHRZFOMEICEAL TR, ZOREAREEICDVTLIARGNA TV S, AEMN
THEEOSBEELLDD 1 D& LT, Osserman HOFRER

2deg(G) > —x(M) + (=~ FDH)

AEDILD [UY2] ([UY2] TIREBIC, EBHKDIIDTELE, G HET Y RIcER
BICHREE O, M ORIV RHHORX LEWTC EARMETH B T LB RENTVS.
[UY1] &L 5H).

—77, S NDOFEMMEZEMM CMC 1 13 HARIIFHEIDLIEN T E DR S 3
TENHENTWS [AK, R]. 2T, b2EOBEARIALEHFLVHMEO Y S
AZEZD.

ALIOMNEE, Wayne Rossman K (#FK'¢), Hili MBI (KA, (LEYEAERE (FUHKF),
Seong-Deog Yang X (Korea University) & OHERAEOKEIC LS.

RQ=wdg, G=
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9, LTOEERRSEZ 5 ([UY3, F|] BHR).

EE 1 M%2RCERE F M-S} BB RELETS. ds? = f*(dsg?) I
BL. XKD (1)-(3) Z@l=d f % CMC 1 face EFES.
(1) FHEEHES W C M BEFEELT, flw: W — S$ & CMC 1 13hiAd,
(2) C A8 B W — RY DEEL T, Bds? 13 M £D C! #& Riemann FH&IC
LERENS,
(3) M D& p T df(p) #0.

CMC 1face f: M — S3 &, RDRABTIEERNDDS, fICEZFEFHENS M IC
BHRERBEZANSCLIITERN. LML, XOGEDKD ILD:

iRk 2. ([F]) M ZmEEHIIFTaEE 2 RouSkkike 5. f: M — S} 2 CMC 1 face
YL, WCMZflw B CMC 1 13birAH &ixd &5 KEELRHESLTS. Ot
X, RD (1)-(2) 2T M LOEREE J D EETS:
(1) flw & J ICEALTHBNTH S,
(2) JICEUTERIRIZHIAR F: M — SL(2,C) B FELT
A2
FYF = G g)w D fop= FesF~,
—4g
REEFT. BL, g i3 M LOEMEBEY (gl 21), w & M EOERI 1 X%
AR, 0 M - M I3 M OEREREL TS (TO F i f OEYERHSE T
ERHEN D).

COMBICED, CMC 1 face f: M — S8 D M BHEICEERELZRDC DD
5. LITARTRE, COMBILL-THFEINZ2EEREEANBIET, M %
Riemann H & HET T LICT 5.

REAUL, gl =1 2T H8Ic/GT 5.

& 3. B
R? 5 (u,v) — (u,v%,v%) € R?
W& B uBIOBR% cuspidal edge £\ 5. £z, B
R? 5 (u,v) — (3u* + v, 4u® + 2uv, v) € R®
WX BERDBE swallowtail LFES.
CMC 1 face DREEOIRICEAL T, UTOHEREET.

EE 4. ([FRUYY]) f: M — S} 2 CMC 1 face £ L, (g,w = wdz) 2% 0 Weier-
strass data £ 9% 6:=g%0 LEBL. TOEE, XD (1)-(3) BAHKY ILD:

(1) z€ M WFERLIZBDOBETHEME [0(2)] = |0(2)] DEEOIIDC &
THs.
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cuspidal edge swallowtail

(2) BEE 2z OEFEOBRD cuspidal edge L RFTBARETH B 7HDOLETRD
EFE, H 2 IKBWT
N \ (¢/8) — (@' /@)
w'e—-0w+#0 mD Im ( i ) #0
MO DT & THAD. HL, =d/dz £T 5.
(3) BEME 2z DILEDHRD swallowtail & RFTHDEETHZDDBETTE
Hid, f z 1ILBNT

S6— 0 £0, TIm ((é’/é) ~ (dﬂ/@)) ~0, Re (5(9) _.S(d})) 40

~

&
MEDIMIDT ETHS. AL, s(@) = (@'/0) — (@'/0)2/2 T 5.

SEEAODMERR  F 9, f OF 2 Gauss 5% g DMWY dg WEERAKBWTIETHR
FhuE, TORRAOEET fi37arh BB, f 1355 Legendre id¥HiAH
L:M— P(T*S}) O S3 D% a5 %, BEMIC L ZERTD T LICK
DRY. €L T [KRSUY, Proposition 1.3] Z&EH 9 % ([UY3, Theorem 3.1} DIEH
L HHE). a

% 5. CMC 1 face OFFRE AL, Y23V v 7ICIE cuspidal edge A swallowtail I
5.

RIE CMC 1 face DRBHLHEETANS 12, WFOEHEE 5 5 (KUY, UY3,
F| Z8).

E#&E 6. CMC 1 face f: M — S} BERETHS (resp. HRETHB) LiE, a3
JEFRECCM L M LOXFIZ (0,2) 7V T BFEELT, M\ C £ T 138
FWIC 0 D ds? + T H M DR (resp. BRELHHZE D) Riemann FHEICK -
TWBZETHS.

LIF, f M — S (3587 CMC 1 face £ $%. TD&E, CMC 1 face ? Gauss
HROIFRMICEET S &, H &0 M E3>785 b Riemann B M A SHEED
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Hp1, .., pn ZEBOVIELOEREREABZT EHEIND. BROVEE pr,...,00 &
CMC 1 face DLV FIZHELTWV3S.

FM — SL(2,C) % f ODFRIERZHS FIFL T3 v:(0,1] » M % M _EOARR
5. 1R MOy ICETETyFERETS. COLE, FOE/FOI— 9,
i3

For=Fo,

'C“.%?"(. 5N3%. &, f=FesF* 13 M Lt well-defined THBh 5, FEEDEARRER + IC
LT &, € SU(L1) DD IID. BUC &, IEROVTHH 1 DEHELUTEHS:

10 s
5:(6 0.), Hz:i:(e 0), Pzﬂ:(l 1).
0 e 0 e® 0 1
{HL 0 € [0,27) BD s e R\ {0}.

EET. [ M-S ZEFEIDERED CMC 1 face £ U, F ZFDERFERD L
Fed3. fOIVFIR, ZOIVFOE/ FoI—»n & LHELOLE HHARTY
F,H LHEEDLE BT K P LRLOL & BRI FEFIENS.

EE 8. SU(1,1) OEE DTS

X = (’f ‘f) € SU(1,1)
q D

(&, XI5 H? 3 w — (pw + q)/(qw + p) € H? I K> T Poincaré FIEH? = ({w €

C||w| < 1},dsf. = ddwdw/(1 — |w|?)?) IKEEMIERT 2. X KX BEERD,

H? NI 1 fHH5LE X THEMAE, H? AICEEL oH? ki 2 mdb 3 & Xl

Bl H? AICIZES OH? EIC 1 Bbd LMY EMINTVS. E& 7 ORER

TOTEICHERLTVS.

IV FOEFCDOVWTERNZ L T, MR OL Y i, REANTZV R
WKEBT BT oz, BB, FEx CMC 1 face I U TUATOEBE G-

EE 9. ([FRUYY]) 527z CMC 1 face DTV FIZETHAETH 3.
C DFER% [F, Theorem 3.9] ICHAT 5 &, ROGERBFS.

figd 10. (Osserman BIREX [F)) f: M =M\ {p1,...,p.} — S? ZZEHIOH
FBELD CMC 1 face £95%. G % f OWEK Gauss B LT3, CDL &,

2deg(G) > —x(M) +n
WA ILD. EHIC, FEMNWD U DIDOXRE+HEML, G BEL Y RICEEE
KRR E N, ADB LY RAEARR LAV L TH B,
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[AA]

[Ak]
[BF)
B]
)

[FRUYY)
(H]

(IM]
[KRSUY]
[KUY]

(L]
(LY]

[O]

[P]

[R]
[RUY1]
(RUY?2]
(UY1]
[UY?2]

[UY3]
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& % ZRREFEHEREIICET %
BARTEOMORRNL

HERERZ R EREDIFR
EHARNEEL
RAR EE

1 &

FRTOEMZ, BEFEE 2 KA B 3 EHFEIENRARR Lu = -V - (aVu) = f D
PEBIHAIC BV TET B RBEOMT TS, M BRMEET B8, —RICIX, HRMABRI
T BRROERPEEENBICT, BREME L LTELNETF— F RS HBETHLRITBBERIC BT
SEWRTTT BT LAH S, T OO RN ISR DERES & LTH SN TS EISI
BTBL0TH%. WHRETE, BRESTOROIMEEMIC BT, BRIEEE T 5 EHDHFBIE SN
KR EREN TV D, KRR TREL L, —BOBMNEARRCH LT, CORBERVS.

SRR DV CHBICBIBE T B 1 bICROMBAE X 5. 2 ST R? KBV TRARMAL T
BMIT = (2, < 0,25 =0} BEX,

ou +
6_1/_0 on XF,

BEICT w BEXD. L, BROEFET f=0L9%. %/, 25,2° BFAENR T OLEH, FEER
T LT, MEREANT LOMEEZEEET &,

— 3_2u_+1@+i82_u =0
37‘(29 ror  r2802)
u
%—0 (0=:b71’),

Li2%. BROEMOS S, 1 BOBMEDFEALE T 2 #UES £ 455 (NIRRT XV F—ERE X
BT LICHISTR) DL LT

{—Au=f in R2\T,

$o=1, = 7k cos(kf), dak-1)/2 = r(2-1)/2 sin((2k —1)6/2), k=1,2,--

BNEENE. D3 b, do = 1, ¢k = 1,2, ) FBHEZEVTHEOSMZEETH BN, ¢(2k_1)/2(k =
1,2, ) $BHO L FTENRGY, COBMOMBICHEORTH 2. XM EOHREERT,

uw = ko+kyor'/?sing/2 + k3/2r3/2 sin36/2+ ...
+ k1t cos@ + kar2cos 20 + . ..

THB. TNEREROFABZRA L THETAE, SAOESIIEMO 1 BEMEKIc L b 5X 50, BHK
TOA $1yp ICHERTBEDEFERICHENT r~ /2 OBEREE L, ZNLNMIEADEHETERICL &%
2. DB, ¢y ICHRT ZEIMEAAHE TOBAKER ZEMNICED BT LICESD. TOEKT 6,/
RRHRELTY, ¢/ OEREEBILAGE L EER.
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IREAZAC BTSRRI B EREE L T2 BELNRT A—ZD—DTH Y, Irwin(3)) i &>
TEAENEDTHAEN, Iiwin IC X B2ERIIFZNICRIFERNZ LD TH >t BEIFROBEEOER
BHMBEOMOERMICET B BRI OBRIE Grisvard([1)) B EILEZ 5N TWVWA Y, HifBHOES
DWW, FHEF ([5]) iC &b, 2001 2 & 5 L BBNRAANS 2 5Nz,

AREOENIL, BEFIC KA FERZEHEROARERNNEL, BRRR TOMORAEERET S L
TH5. BRIFBIEAEN DN Z DI, i, ROZODHRETHS. F—&, WEREMNUBIKET S
6, 9405, EXEERPHERRE EMEOCMBERZBETEHD, BL, MREELAVEER
ZRCLZHETHS. AHRRIELD L, TLABREOHEC L > THESY 5N, TOERIEE
HICRARIRD 3 Rl BNEEORORREORITICH S .

WONEERT 28D, R2 OFRMEEQ #EX 5. &F T (13 C° KO Jordan AR v: (0,L) 3 s
(s) e Q TEREEIN, 5 C° H Jordan MR S C QICEEN, T+ S THBILRRETS. TI T,
SRHENRTA—L2—L T3 CDLE LITBHY OEIREL TV, LUk, BHLIE 4(0),v(L) 2%
NZTNAO A bxY. T Z22HEHIT QHSBHE Y LEOESEERRVER Qs = Q\Z T3,
EHIL, 0 & SIKHENEREL, O =0\ Q- £$3. T'p, Ty # T OETHEVERZITIES
EL, TpUTy =T Zifcge0L33 (K1)

X1 e

AT T, ERGFEAERIERZ L .= -V - a(z)V 2E X, BREME

Liu) = f in Qs

u = 0 on FD (l)
Bou = g on Ty
Bfuw = 0 on %

EX%. CIT,Maldac CoR)THN, HBATEDTH c MEELT, ¢! < a(z) < ¢, Vz € R? BHif
TEDET D e, v &2, T BLU § ONAEEMERE L, Bu = a(z)du/0v|r, B u = a(z)du/dv|gs,
KU By u = a(z)0u/ov|g- £T 5.

—RCPERAE L Ic LT, KN ERROFEREIENEVDT, BFMNTERESHNTHEER
TYYRIVEBBRT VvV RER L, BRIBEODEFICEVTROET V2 v VEREENE, BO
REMEICOWTEREITS.
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2 BRHFEOROFTL—EMN

9, ERMERIE (1) O—BAREC DOV TR TS, BOFEEOY, HAEME (1) 2P P—RtL T,
RFMEME

L(y) = f in Qg

u = 0 on Ip @)
Bu = g on Ty
Bfu = h on I

EESEEE UTHRS B2 B L, BEFERE (2) 0—ErMHIC DWW TERZTS .
TTT, VW ODORBOREET 5. ve H(Qx) IKHLT, 15,75~ BTNEN S DI, AHIDS
DORL—AERAELL, v B D NDML—AEHELTS. COLE

[v] ==v5+v —v5-v, [v]z = [v]ls

LEDB. i, HY(Qx), HY2(T), H-/2(S) OWSEM V, HV2(Ty), H™V2(Z) 2ZhZh

V = {’U.E.HI(Q):) | vrw =0 on FD},
H™Y*(Ty) = {Glry |Ge HTV*}D)},
HY2(E) = {Glz|GeHV*S)}

ERETD. HV2Th) & H YD) O Ty ~OFHETHY,
H'(Ty) = {9 € L*(Tw) | ¥ € HY}(D)}

ORMEME—BHT B ([4]). g € HYV2(y) O o € HY2(Ty) TOMEE (g, 9)ry = (G, ¥)r, VY €
H'2(Ty) EEDEND. 1L, Glry =g THY, & v D OHEEETHS. H-V(E) & HY(Z) =
{pe LA(D) | ¢ € HY2(S)} DEFZEEKTHS.

BHEZBCHE Qs KBVWTEH, ve HY(Qs), f € L (Qg) B Lu = f Zi#fcT & &, Green DR ([6])

/ a(z)Vu - Vodr = fvdz + (B, ru,yrv)r
Qg QL‘.

+ (B,5-u,7s-v)s — (B, s+u, vs+v)s. Vv € HY(Q5)

ML U, BEFMERRE (2) WX T
/ﬂ a(z)Vu - Vudz =/ﬂ fvdz + {(g,7rviry — (b [vls)s, YV EV (3)

YAMETH BT EATENS ([6)).

W, e HY(Qp) IKHLT
1/2
1VullL2¢ag)2 = (/ |Vu|2d:c>
Qg

EBLE, | nrae: BV ICBFD |- |niay EREEER/ VLTSS LICEET B L ([6), Bla OF
FUEE BB BT/ IVA | lmrag & |- |L2agy: OEHEED 5 ROTHEEE 5

/ a(z)Vu - Vudz
Qg

< dlullayan vl g gy, Yu, v €V,

_ 2
/QE a(z)Vu-Vudz > cliullz qg). Yu € V.
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L7elio T, 58 (3) IS L T Lax-Milgram OEEEERA T2 &ick 0, BRYERE (2) O—E 07
M55,

BIGRICBI AMOREE AT T 5/-0IC, BRENE (1) 2RO ZDOMBICHET 3. B8ROk
WIEE Q IC 3B A IERERE

uy = 0 on Tp, (4)
Boug = g on Ty,

{L(uo) = f in Q,

I~ B u € HH(Q) BFD. X512, Q OEEDI 37 MRYES Q. (CH LT, wle, € HAQ) T
B5. ug€ HXQ) BDT, b= —Bue HYA(Z) Thb. FTT, KOMEREZS.

L(u,) = 0 in $g,

ue = 0 on T[p, (5)
Bou. = 0 on Ty,
Bfu. = h on I,.

D & BH, EREME (1) & (5) 3—EBRIRTHB. I, u =y + u. [SEFERE (1) ODBTH D,
u DBHMFEICET BERMER v ORICEENS. Lz o T, UREFRIERE (5) DREEROMNGRE
T5.

3 MOBRERICEITZS5EREMLE

ROBMIBRICTIT 2MORAERZERT B0, BORT Vv VRREEXL D, L LENS, —
RICEBBRBIFRR L = -V - a(2)V KN L TR REREEFRRIIMFIENT, RANWEEXEZHNTE
HRRDOEFBIC BT B RT v VRRICHA L E 2 2BRWV. T, RANZERBLIIROERR E
D ETHB:

fERE LT LT, UTORERST v 0¥ B c R? LHEEHIE E : £(R?) — &'(R?) B EE
95 ([2):Theorem13.3.3):

LEf = [ in B if fe&(R?),
ELu = w i B if ue&'(B).
COERZEZAVT, @FOERBLFABRICUT, iR C LOEBRT vy, BEBRF Vv IVEE

%LU, TNENSLe, DLo THT (1)), TOL ¥, ERIERIE (5) ORI BRI 4O DEHTROELS i
RTF v VERENS ([6)):

u = —DLg,;([u]r,s) + DLab,s (YoBasu) — SLoBys (Byan,su) (6)

KT v IVERR (6) IKBWT, E2HEE 3IE BBMBSOEETELHNGMBEEERTLOT, R
HOERICBNTE, B1HOAEEINT L.

CZTC, F1HOEEME ¢ KDOWTRORERBIZ LIcT -

B ) BIEELT,

@ — O8O ¢ H3/2(By ;) (7)

ZHIZT. TTT, SO =512x(s) THY, x & 1O OFEET 1 OEERD, v OEET 0 DEXERS
cut-off ¥ TH 3.
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EHOFERERNDIHIC, BRI O ZERALTZEBIER (21,5:) BROKICTHS:

YL BNT 2 BESHET B,
YO D3EEE BOREELTENBO ¢ {(z1,22) | 22 < 0}

Eie, 4O EBRLLTIHBEERE (r,0) TRT. T, A0 IKDVTE 2 MIDOEDESN 6 =0 &
BESICEDD (K 2). ¥z, Bs ZEREROETBHEE 5§ OMREL, Brs:=B;\ L &£B<.

T2

z=(r0)

Bs s P)

Z1

+O

B 2: 4O DIEtEDRERES:

CDEBRERICEWT, RE (7) OFTHIE TR LB RAICH T B RT UV VER (6) ZHA L, 0 O
RERRMEICRE S B2 RDEHDK D LD,

T 1 ue HY (Og) ZEFERE (1) ORREL, o = [u]g,, KHLT, (1) ZRETS. cO&¥, +H/h&
HE>0EHLT, B C & u® € HY(By ) AEHELT, u RBHEN v O By s KBVT

07.1/2 bln(@/?) + u(O)
LEDES.
G1F (7) DRILA S B DTIEDFEN—DTH 5.

SE R
[1] P.Grisvard,Singularities in Boundary Value Promblems, Springer-Verlag, 1992.

[2] L.Hormander, The Analysis of Linear Partial Differential OperatorsIl, Springer-Verlag, 1983.

[3] G.R.Irwin, Analysis of stresses and strains near the end of a crack traversing a plate, J.Appl.Mech.,
24(1957), 361-364.
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Explicit solutions to optimal long-term investment

problems for certain nonlinear factor models
W ZE BAIR ME (KERKZEXFERERIZFMIH)
FHETEZDNBIRNSERDDDET B,
1. —HDU AT DIRWEIE (REEE), FIASEEFRE, KAt B I5I0KED

g% B, &3 %,
2. —HD YR 7 EEDEE EREE) . FIAEHKTE. Bl TORMZ S, £ 5.

& B, 1o U A7) &3, B¥EMICIE. TOREERNT S SR ETL-
TRINDFAREEIKRELBNWI EEE®RLTHD, FITFR, BEZASNZLEE, B IF
ROEWDHENZWTT.

(0.1) dB; = Br(Y,)dt, By=1
FERRERE S, (TR DHERM A H1EK
(0.2) dSy = Sy{u(t, Yo)dt + o dw(t)}, Sp > 0.

7&59‘7!‘:‘3_0 7Cfil/\ w = (wl,wQ)' WT74 )by_'fﬂ-%ﬁgz‘;%%ﬁ (\Q,]‘—,P; (ft)tz()) J:Tfé%é
NI 2 KTET 5 VBICT. ¢ = (VI— 2op) € B2, pe [-1,1], o & Fr- REH ATHER
THD, pldBRATHIREE, ol dR5T4 U T THBCBITITEELREZRTHDT
HB, TIT, pZBROEDIITRET %,

1t y) = r(y) + oeA(y)

U, ARV RY - TUIT7LABREVWD, BHEEHIER p N r itk TERENDE
MzENLFEESAZ, RIT4VTAZEMELTRLTVS, 7, u, A\RY OZE
EZRTTHBOEN, ZOY IIRENER (&2 RER, UELRRERE) AT
Ty 75 —&T5) TROERMA TR ZIMEZT,

(0.3) dY, = b(Y,)dt + cdws (1)

Z7ZL. ¢>0TdHhb,

REFRDEL t THOES. MORARETNENA(1), ht) &T5 &, BEMERRE
X B X, = K2 (¢)B(t) + h(t)S(t) Th 3. &% HAOBRBLER (BHEEK) 2ThTh
T, omETBHE,

20 h*(¢)B(¢) - = M)S()

i X 0 X
TRIND, FHETEr 2 F,- THELTNS, DED, BRERWEREEE T 7Y
YD BEDETOHRE AN TREEE « 2 2RI HEAZEIA TS,

Remark. £l 77 7 ¥ —BEOBEOLTOBREH S T L34 T L bREH T
a0, o TLDREMILREE LT, RERNMEREZEOBED2TOMEROHE ML
THREWM 2BINT B HWAER T OBEEH > TWBHIENS 5, (cf. [6], [9], [10])
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rEEXEE HOT 71T o DV DRBERET B E. X, = X7 \LROBEMS
KRR 2T,
(X _ odB, dS,

X, =T, B, + T 3

dB as
{ :(1‘—7&)#4'7[}?: /
=r(Y;) + 1 A(Y)dt + me dw,

| X7F=1.
ZZT, BG77AMF o7&, BEX OZLICBEL TANREDRICEERDDR DY
DB NEEEND,

R4 DNEKZRF> TWARBEIIRD 3BEORERENETH S,

(1) FIRFFHEFOME. 97255 Merton terminal wealth problems & Xid# 3
REDHDEAT > 0 TOEEDOHFH A EREEANDBREEME « ITL>THRAIZTS
R EREE
(0.4) sup B (X)) 7#0,7<1
MBI U () 13 (0, co) L ORREEFENN., PeaRMIBIK & I N0, FEE TIIZ AR S
L T, HARA (Hyperbolic Absolute Risk Aversion) B4 DOHIDNZHZ)H (Power utility) B
U(z) = %x“‘, Y#0,y<1ZHNTNS, yZHARANTA—F—EWnI, }/3:7 = }—re""’gm
BOT, (1) ORE B (X7)" ERAMET 2REI
(0.5) %E[e”’]‘)gxﬂ
ERAETHHEBESRT IENTE, MR TRIOMBEEREER - 25HH, v 2

;;L\ﬁﬁi E R TRHBI% % (0.5) &3 252 IR R 7 SUREORE R IR E S8 2 T
=3 D,

(2) TIREFRIFIFAOME, TRbEMENHOELNMREREZBANICTHME
— 1
(0.6) I'(y) = igg%gr;oﬁlogE(X%)7 Y#0, y<1

FHETHIOMEZ 777y —BRY O IT— REIZETALREOF T d— K
R A7 GURMIFERGKIERE S L TEET 5,

Remark. (1), (2) OFREICBET 2R E LT, (1), [2], [3], [4], [5], [6], , 18], 19/, ,
0] e 75*‘(35)%50) I (1], (2], (3], [41, [5], [6], [7], [8], 9], [10]

F'ﬁgg) REZFIEHEE: 0 <y < 1IKHLT, #HENREEDBIRERREERIZTS
HER .

e ]. T L
(0.7) (k) := sup Jim_ = log P (X7 > 7)

COMEIR. 0 <y <1275 (2) DB EERICEBRLTNS,
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Az EE
P (X7 > ") ~exp(~I(c,m)T) as T — o0

WL SEDEMD T T, Fenchel-Legendre 24 D, rate function I(k, ) & moment gen-

x 1 .
erating function ¥(-y,7) = limsup 1 log E [¢7'°6*7] = limsup - log F [(X7)7] & DEERIZ
T—o0 T T—00 T

I(k, ) = sup [k — ()]
v>0
TERENS, KIERE m log P (X7 > o) &K BB I(k,m) &R
THMETHDEHFTESBDT, infI(k,7) = infsup[yk — U(y,7)] ZEAXA D, TDFE
4 T >0

X Tinf & sup DANEANUETH S &ﬁﬁ?‘év&\ U(y) = sup¥(y,m) £T D&,
inf I'(k,n) = sup [yk — U (k)] &725. (2) DRIREI (3) DRI RIETH B & Rt
7’ v>0

ARG 2 Tl 0 s e D e B & P M1 3 R PR e 6 P 0 R RE D B S B & BB B3 5
BENHIFETES, TITY(y) =+T(y) REET S, EBE. Pham [11, 12] DR T,

HB5e (0,00) NBH2THye[0,7) LT, (0.6) DEEEEE 70 2H 2 EE, T(y)
DEGM A FTRET, lim ¥ (7) = 400 7251,

77

II(k) = — sup {vk—¥(vy)}, Vk € R

Y€(0,7)

X512 (d) € (0,7) B y(V'(d) = d € (T(04),00) ERBHDTHBET B &,

1

Skl _ 7o) (v(k+ 1)), if k& > ¥'(0),
! 7% (v (W'(0) + 1)), if k < W(0),

TERINSHIHEDF (ﬁ[’“"])neN I nearly optimal. §72H B RKMNELD LD,

lim Tim % log P (Xqi"""] > ekT> =1I(k), keR
EWVD ZENRENTNDS., ZOFRERMNS . KIREZEHIHMRE O BB EIE & R I R
Bl O M O RE IS & RBEENS/E5ND, TIT 0<y <1 0T 3 (2) ORIE
DEEAE T (y) DERED (3) DMEZMB EDITIIMETH Y. BIZTHROLHER 5
ZHRNRSEIENEETHDHEND ZEERELTHRL,

Remark. (3) DMEZRITETNIDIE. §OEIARLERE, REE. TrI5—
BENTNTN—ETOELE. B Gauss METNOFEDHTH S ([11]). £/,
BOETINTZOMEOHHMER T OHE L LT [6] DRENH 5.

AHETRRD 2EHDOETIVERS,
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(A) Gaussian factor DX V. b(y) = by + by, by, b ERDFE. Yy e RTr, A DEE
ETNENRDBDET B,

T(y) = 1o + 11y + oy’ 9 > 0,179,711 €ER

Do + P1Y, when p = 0,
My) = oy P ! 0
g(—L)+2(bo+biy), whenp#0,
272U g W py,pr,p2 € R ELT. KD Riccati HER
(0.8) 9'(y) + ¢*(y) = po + p1y + pav®
DIFETH 5,

Remark. (A) D&IZT 7 75— Gauss M THBHE T, 5T r, udly DB
THLIFEDETIN T LORBERERMEEY > BIEBW DN S (of. [1], [2], [3], [],
(5], 6], [7], [10], [11] )o AFETIL p ITHBHDE g (Riccati HTER (0.8) DMR) NEE
NTHWaHEZ2HEI.

(B) Bessel with linear drift factor (Heston/CIR type factor) 372505, b(y) = b‘Tl +
by, b_n, b €ER, 20, > E DBA, Yy > 0Cr \ DIGELNENKDHDET 3,

T_
T(y)z;zz+r0y+r2y2 T_2,72 2 0,79 €R

A
AMy) = 71 + Ay Ao, A ER

FriZ. r(Y;) = rp Y2 DB AL Cox-Ingersol-Ross’s interst rate model EFEEN S,

AMETIE, £ED(A) & (B) DENENOETIVOBET (1)~ (3) DEED REEEN
DPREINTHER L, REIZBANICERL, AREGHBEERS 2 5DICEELEKE
B0y 2IRIICEZ 5,
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n RITHEFRZR DBk FORZERFBE DR T 23

FHEKER *
SIRAFREHETFURD 3

1 B &ENE

C" & n KCEREM (W (z,w) = Y5 z@;, /IVb |zl = /(2,2)) &L, BZHAL
B, SEEMKAEETD. £, 0% 5 LOEHUALRENE LTS,
B t® Bergman & &21ZBJ9 % Laplace-Beltrami fEFF#I

~ 4 n 5
A= 1—
TP D G Fm g
7.k=1

TEHIN, Ah=0%2H72T C2HEEK L% B FOREHMBEKENS.

EB n=10EFRF, A=201-[2)25 &0, FERUBBILEE ORMMKLTH 5.

BRI T 2RISR FEX D Dirichlet EREMEICEBRL TW3S. BEREK
INHHED & E I Schwarz IZ X D KhvRENT=.

r Schwarz (1872) ~N
fec8)izbid, heC¥B) T
' Ah =0 in B
(1.1 ,
{ngl’rrzlegh(Z) =f(§) foréeS
T HONME—DH D, BT,
(1|2
h(z) = [ 1t/
)= | Tl €0
EERIND.
. Y,

EREEATERLZSIE, (1L.]) OBKRTHEARGEHLZITHRIIELELR N,

9EE | FEGEARKICH LT, SREHRESHMRINDN?

" E-mail address: hirata@math.shimane-u.ac jp
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—fz, fe LY(S) /LT,

/&1 iiwn F(Q)do(¢)

IIEFEZN, f D Poisson-Szegd 7 EIEL. > T, LARDMRIZES L T Poisson-Szegd
HMoyoBREFGEZHANZIN. DFED, EOX5BBAFEREER D LEAHELZHD
M?, EEFOBEEBEEREN? VD ZEMHERRTHZ. £T, 1 RTOBEDHE
SHERERN, BRILOBEEZMRHT 5.
2 n=10D%E
o TETEME BT IR £ D Poisson #&5 D EHEFR DFFTE % {RAES 5 % 1T Fatou R DIEIL B
BEX  Ha>1EEeSIHLT,
Fa(e) = {z € Bilz-€l < S0~ 2]

CNRAEICBWTHUARCELEWEETH 5.

Fatou (1906)

feLl(S) b, Ha>1ITH{LT

lim )P[f](z) = f(&) ae €S

2z, z€la(§

o BZREM JEEABAEEORBYIZEYIC Littlewood IZL D RDEKR TR N,
Littlewood (1927) N

BBz =1 THAAMICETSHMHREL, 5 &y EEAAD ¢ ZTEGES S/t s
T5. TOEE, feLPS)NHEELT

llm Plfl(re’) < limsup P[f](z) ae. 8 € [0,2n)
z2—ef | z€,

\ J
Blaschke D AKIC K BB /L M Zygmund ICE D 5 X 5.

(-Zygmund (1949) N

g1 (0,1] LOEREBK T

lim g(t) = +o0
Wiz e,
Zy€)={z€B:|z—¢ <g(l-Iz))(1 - |2|*)}

E9%. ZD&EE, BLOBREHBEEADEELT

L L Jmint ()] =0< 1 = lim A(re”)| ae.6 € [0,20)
J
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Aikawa [ “2TOR THRET HEKEHR L=
Aikawa (1990)
Yo W Littlewood DEBE L[4k ET 2. TDELE, fe LOWS) DPEELT

lim inf P[fl(z) # limsup P[f](z) all@ € [0,2r)

z—el , ZEYe z_mv.oy Z2€79

3 n>2058

o FHEM LATOHAOHWAROFEIET S Fatou DEHDEHRITTADILHEIZ Kordnyi
KEORESNZ, HABESIIRORTHS  Ka>1EeSITHLT,

Aale) = {z € B: 1= (5,0)] < S0 -1}
OSBRI TE B, AT L TIB.
Aa(6)

- £

Koranyi (1969)
fel!(S) ko, Fa>11TH/HLT

it ZEAQ(g) Plfl(z) = f(&) ae. €S

« iR Hakim & Sibony {3 XICAK D Blaschke fi% % X % Z &12 4 ¥ Kordnyi D HE fEH,
DEBEEEROERTRLE.
Hakim & Sibony (1983)

\
a>1&L, ¢g:(0,1] = [e,00) IFEFABAT
lim g(¢) = +o0
ERETETSD. KeeSIHLT,
11—z, )I< (1-[z8)0%
D,y (é)=<2€B:
B 1 - ,
- (mal< ”—;iu - 1)
E9B. IDEE, B EOFRERIBEK L MEELT
z—-){l,lgéggg(f) |h(z)] =0 < z—»{lfrfesl;g,)g(f) |h(z)|] ae £€S
NG J
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Do g(€) W—EAMITBVTIRIHETSH H75, WHEEAFITBOTIE Ag(€) X DENST
W5,

Aa(§)

¢
e Do y(€)

Hakim & Sibony & ¥ b5 &iR/7IT Aikawa D E IR (BRI > THEE) THREMEZR

r K.H (2004) w
v &M e TD S B HOHIRT

. |]' — (z,e)|
1 Ul et e |
ERY z—}é,nzev 1—]z2

EWTETS. COEE, fe LoS) WEELT

= 400

liminf P[f](z) # limsup P[fl(z) allU el
|z|—=1, z€UY |z|—=1, zeUxy

N J

ER () URS LB (ERD e SIKRLTE=Ue 2B Uy c U BEHETS) THS
no,

liminf P[f](z) # limsup P[f](z) allé€ S

2=, z€Uey z—E, 26Uy
(i) & G.1)ZEWBICESWA B EETERN,. DED,
lim sup “;(zfﬂ = +00

z—re, zZEY 1- |Z[2

EIZTH, 2T D Poisson-Szegd A Ugy ICH> THREED ATHEABE LB DL 7
%R v AEET S, (Nagel & Stein (1984) & Sueiro (1986) Z:H)

S 3
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YoUBREBTFT 74 B ¢-1518

T HET
BEBAFRFRS TECEHEWI

(FHFEAEIL, PAEMBKEORAFR NN] IZEITNWTNS)

A9 b—=F g — - U—fREK g DEBEHRE Ug) © ¢-28lE LT, BFRE
HENBRE U,(g) 1'H 3. HEARE, BF 7 71 D REERIIN2ETFHOER
RARBAOBEZHODT ¢-IFEOZRRICET LD TH 5.

g2 CLDSL 7 n OB —REEL, g 2707742 V—REETE 8
F774 R UL () &£, = kL 6=0,...,n) TEREN, LT OEFBEFRIC
FOoTEREINS C LOH2HEERETHS:

k,’ki_l = kli_lki = 1, k‘ikj = kjki,

+;,.-1 B;;
kizyk; =g+ J:v;t,

ki — k!
zfz; —z;zf =6;; e
g — q;
1-C;5
1-Cy; _Cii _
> 177 @rapenros=o iz
r=0 qi

TIT,C = (Cijlocij<n W& § DHIVE LATFIT, B = (B;) = DC DHFTFI LT3
55572 D =diag(r,...,rn) DWEETR. r; € Lo FEVKHEEL, ¢;=¢" &F

3k,
e =

[slg! :=[slgls = g [y [s]q := 31—_;-1 _
Uy(§) @ g — 1 DBREEZEAS. BRMIC
g = exp (h) = H’
k=0
o~ hFEE

h; = exp (hk;) = e; = :z:;r, fi=z;

1 ?
= k!

EBNT A0 DBRZEDE, ¢ OHEAHRRE U@G) IKhdTEh5, U, () 13
U@g) @ ¢-BUTHDEHEND. TIT, § 13§ OFSRE §' = goCft,t—]@Cc
(c L) THB.

Uy (g) DEERIZBRKITEEIL, Drinfel'd £THR P(u) = (Pj(u))jz1,..n &—H—
WSS S, T TT, 28 (£721EV 27 K) A & spectral parameter a € C 12k o
TEES L 57 Drinfel'd ZTEX (BATFD PA(u) i § 21 AY 05a)

()
PaA(u) = H PA;.—-;J.;-,G,‘ ('LL),
i=1

1-ug® ifj=r,
Pro(u) = (B(W)j=r,.y  Bw=4 " BITT
1, otherwise.
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T BEE V(\e) KDWTEASD, COEE, V(A a) W Uy(g) PERESTT
EBRETUIA M ADRE YA MREATH S,

Kiz qHSEEEETS. RepU,(3) % U,(5) PERRTRBROANF T —0
Grothendieck B&ET 3. Uy (g) @ ¢-181E &id, LTOX S KED S NHRERE
ERTH5:

Xq : RepUg(g) = Uq(ﬁ)[[“]] (1)
U,(8) DEBRRITEE (xv, V) KHL, x,(V) 13 “universal” transfer matrix
tv(u) := Try (my (w) ®1d)(R) € Uy (8){[u]]

(R € Uq(g)éUq(ﬁ) Pi’Yang—Baxter ﬁﬁﬁ R12R13R23 = R23R13R12 %ﬁt@—i)
U (p)[[u)] KRELZDLDTHS [FR]. TTTED “universal” &1, U, (§) P&
B (rw, W) TETZ &IC&D, transfer matrix

tv(uyug, ..., up) =Try(Ryw(u — 1) ... Ryw(u — up))

(Ry,w(u) € End (Vew) 4 Yang-Baxter FHER Ry v (u)Ryy» (u+u)Ryr vy (u') =
Ry yo(W)Ryvi(u+u')Ryy (u) ZHZTIC) BEONDENIERTH 5.

Xa(V) @ VYiga,.. Yoo € Uy())[u]] (e € C) 2EEKETD ZHABOLEAELT
HRREIND. Vi, & g DEET A b w; THIETHHROREHE e TEEHRZ
% Z & T spectral parameter a € C ZHOBR< &, x (V) 12U, (g) (BRU g) DiEE
5 EVIEIRT, ¢-f61F13 Uy(g) DIREDT 7 4 MLEHBES.

x,(V) 2Rid T 2F L AEWICRERMBEEL T, V ITERTS vertex HE D
transfer matrix ZFCiR T 2EENH 5A, BT [BR, KOS, KS] 12 EI2L 0, V() a)
X9 5 transfer matrix 2%, shape A DY 7% (Y 7H X\ DFEYABIESZE
FokzbD) ZEANWTEREINTNS, TIT, INSOERETI, Yo/ 2AN
Tog-HEERER LIz,

ETHUDI, U,(3) © B1BERRV = V,,,(a) = V((1),0) KT B g H5i8%
shape A = (1), 7/&bHB5 1 YADY 7D (spectral parameter a DFN) ¥ 2
THERNTROLSIZERT 5.

n+1 n+41

Xa(Vr(@) = Y 20 = 3 [ie @

D EERE V, (a) = V((17),a) & (spin REZRVT) V,,(a) DT > VIV
@ subquotient &L THEND I LN S, (spin RETRW) V,, (a1), ..., Vo, (ar)
DT >/ VEED subquotient V IZX L, ¢-158EI

, ™ k
W)= [T, m=>r (3)
11,-92Im =1 j=1
DEIBHTRRIND. TOEE, x (V) OBEE, (iy, ... ,im) EHESETS (shape
AD) Yo UBERNTRRT 22 EAREMNICIITEETHS.
Bz g 28 AD ROBE, £AKE V((17), o) ROHHT >V VRS V((r), a)

K95 g-18FE h, o Bl e, TROLIITHEZENS:

n+1

Eo(z,X) = (14 210 X)(1+ 22,0 X) - (1 4 zn41,0X) = D _ €70 X,
=0

Ho(2,X) = (1= zng1,X) 7 o (L= 20, X) 11— 21, X) 7! = Z hroXT,

r=0

(7’:’.—.7'_: b, Xzi,a = Zi,a_2X) ?‘743‘3‘5

€ra = Z Hziz,a+2(1—l) = Z

1< <<, <ntl =1 1<i1 < -<1,.<n41
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hr,a+2r—2 = Z Hzi[,a+2(l—r) = Z _ t
1< < <ip<ntl =1 1<i1 < <ip<ngl @ oF2 at+2r—2
era & hyq 13, spectral parameter a € C ZW DR &, TNEN g (XX Uy(e))
DBEREHD r BXRT VVINBERHERS r BHRT >V IVERBICHT 51ERE
735,
O ORIT V(N e) RMT 2 g HBEEEXD. by & e OEBIEIL, LITOEX 2R
TIENEBIZHMNS.
H,(2,2X)E,(2,¥X) = Eao(z, FX)H,(z,£X) = 1.

ZNLD, YR X\ & spectral parameter a € C IZX L, LTFD K D73 Jacobi-Trudi
BT %H5:

det(h/\g—i+j,a+2()\;—-i))lSi,jsl()\) = det(e,\;—z’+j,a—2(j—1))19’,;’51()«)- (4)
COfFFIRE ypo EESIERTS. ZOK, 1 TSR TIIE A= (r) K
HLUTHR X2 = hrg ERBD, T, 155D Y7H A = (17) KMLTIE
Xia = €ra E75%. ((4) A5 spectral parameter %0 FRVZ S DI Schur £

R D Jacobi-Trudi DARTH2.)
—EDY O TE NI, RRFRENS:

F38 (Jacobi-Trudi HONR). g A1 AV, BY, ¢V, DIV ®d &=, KR O ILD:

X¢(V(A,0)) = Xa0- (5)
ZOFRICEDE, V(N o) KHT2 ¢ HBEOY VBiICL 28R
Xoa= y, 2zt zii= ] zreperau-n (6)
TETab()) (i.4)ex

(Tab(X) BV > 7BOES) 25X,

§ a8 AY, B MOBSIBNTE, — ROV VBN ICBLT x, . OV 78I
LB (6) BH X S5NTWS [BR, KOS]. FxiE, AY HOBEE, (6) D Tab()) i,
shape A D ¥V /B TEYABDERNL,. .. n+1 DENLTHY, hOBELHED
IYAHANOESVNROBRNZHZTEIRBBD (DL IV /% semistandard
tableau &1 D) £DESTH S [BR]:

horizontal rule =14i<4, KW vertical rule =>i<i.
)

B 2B TH, ALY EFEHEIC horizontal rule & vertical rule TR I3 [KOS].
LinL—2#, ¢V, DI BB [KS] o &3 EEH2Y > Y ROFAZRNT, —i
DEFTBITBEBNELEFTSN TR,

HETIE, § 2O MOBAITBITS ¢ I8EOY L I X Bk (6) #E5 AW,

751X (4) ZRBEAT 2 DIT Gessel & Viennot @ “path” IZX B FERHS. =
DFHET, [BR, KOS 12k 3 AD # B1r BY Movy o 7@nEsicBEET 5 &
mTED. o BicksnTid, A#OFEEANSE, AD BY MoBank Sk
horizontal rule X7\ vertical rule ZW TlIEB I NN, LA, 2z, 725 OBER
EHEOTLET, 6) DEILANESNS. BKRELT, Y Moy yEoOTHRIZ
&, BIZAERDOERICH B L DT “extra” rule AMH O, AY BY Bk v bz
725

EE 1 (NN)). § 2O BT, A OEEH 2 UFOEE, (6) D Tab()) i, &K
A71,...,n,7,...,T Tshape A DV > 78 T THY, “horizontal”, “vertical” K&

O “extra” rule 2z T bOEEDEETHS. Z I T, horizontal (resp. vertical)
rule I3,

1<2<---<n<m<...2<1
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EVSIEFOH E, T O THRIZ (resp. fEIT) WAKE 2 DDOEFIZHTERDEL S
HAlITH 5.

(horizontal) [4]7']=>i <4 Xid (4,¢') = (@, n), BUz[R[n], [R]n[n] ZFT

(vertical) =i<4. BL_(7] |7 n| 7]
ﬂ nin| (7
F7z, extra rule &, T BT D XD 7k F!
nln| - |n|c
blnln| --- |7

EHOEBICHEAIND, b & c TEHTAEROEDIBEHTH B:
PR<EBROEESN—ADVKRILTS: 1. b MWEFELT, D b=n.
2. ¢MEHELT, MDD c=".

AT, T8 1 Ooficd, A OEINIOHEBIETEY O VBORABHN L
., 3B, —ROYIVE N OBEIEVTIE, BN BlATREOY Y
BETDRTIHRWNEBRNZZERTETHRVN, A OEXN 3 DB EELL K
THRRENB EEZENS.
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