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1. N- Fractional Calculus of The Power and Logarithmic
Functions and Some Identities ( Continue )

Katsuyuki Nishimoto Descartes Press

Abstract
In this article, N- fractional calculus of the Power and Logarithmic functions and some
identities are reported. Some of them are shown as follows.

sa -ar -
(1) (@-0F), =e"" -—(r;—‘_;?,l'},(a-ﬁ;f)

I‘(a+k—E)|<°°
r-g | '
. ~ixa_~a o r(_a__+_—k+l) _C_ e
(1) (log(z-c)), =-€""2 {r("‘“.o C(k+2) (z) }
Fa+k+1)
Nk+1)

Z

ere <1 and ,F, isa Generalized Hypergeometric function.

4
Z

where |[(a)| <, <®

<l.
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2- SIMILAR PROPERTIES BETWEEN THE TRIGONOMETRIC FUNCTION AND
THE LEMNISCATE FUNCTION FROM SOME ARITHMETICAL POINTS

ML KB RERERERE BOEFRR -

=A% L lemniscate B OTF I IIERORBAL LR THLODDOBTLAMHERERH Y £, TOH
TWAMEREZ AN LET, lemniscate BITRBREEZFOMAMBA2 O T, Z 2 Tid. lemniscate
EEOE-> CABKLELORREBOERTO) TORKEICESLYTET,

1. EISENSTEIN 2 & 28 E ERIOIEH
Eisenstein it. =AM&EZ AV CTEFHMEOMEELUNOIEHA %, lemniscate A AVWT 4 KMAREE
HERIOIEHEA 52 CVWET, EHR. SARKEAVWTA Y v FARS 2K L, lemniscate & ANT
ARBARELRRTLIZEBHLOTT, (1] [2]
(EAHRDREENDBE) pqiXZ LOFRK A={ecZ|1<La< 1} LR, TokE,

(1.1) (2) -1 ﬂT_) ,r_2/1 dz
. r/, a€EA - _2_72 y A \/'1_—1-2
p

(4 REZOREEADHS)  r,5 4% Z[i] Lo primary prime, sl(u) % lemniscate sine & 32, rgidr
DRAK|FRLLT, B={rpeZli]|1<B< M, BeZ) LB, ZDEE,

, si(s(22)) g
(2 () e Ty T 2 [ =
T

2. ABEL IZ X B KEHFERX
—4T . 5L EORKAFRAIT. REMICHE ENERTEA, T, RENICHEIFOTEIRE

FERAOEMIT? LI BEAHD Abel RRKFRAORYE 5 LOBRICEBL, RE I LEUTOHXT
BER TV AREFBRAITRTHI LV OBEREBTHET, (3] [4] [5]

nRREFEX nBORNS, a2 H5 1O0R, R(x) HHHEEHR. R¥(z) & R(z) ® kEERER
LL. ZhBEEAVTUTO (1.3) L5 CRBEINLHE. Z0 n KRREFRITHE,

(1.3) o, R(a), R*(a), R¥(a), - ,R* (). (R™(a)=a)
(3. Eisenstein "HEEAIOIERDOFIZZ OKEIHFBRESE Do THET,
GREIFBIOH) (1.4) i3 Z H#% 6. (1.5) 1% Z[] 7% (7).

(1.4) 11 — 220z + 123222 — 2816z° 4 28162* — 1024z° = 0
(=5 + 2i) — (13 + 76i)z — (325 — 246i)z” + (459 — 520i)c®

1.5
(15) —(183 — 398i)z* + (65 + 148i)z° + (1 — 70i)z° + 2" =0

EEABERSED - WG (R HERLEMHHPERAAL 593, (BESFS) 344-0123.



I BB RERFERER HETRER -

3. #ErtE

Eisenstein @ EHEROIEHIIL ¥ FARE 2 ZABKTRL. ¢HFREICTH LT Py(sinu) =
sinqu/sinu 27 TEEHRX Py(z) OREZRAVTESFRKOHEERIOHAZE X, RIRICL T, 4 K&H
£330 8 % lemniscate sine (sl(u)) T#& L. s:primary prime {Z%f LT Ry(sl(u)) = sl(su)/sl(u) 2T H
HEEAY R, (z) POHREAVTAKFROEEEUOHAEZEZXLL VI bOTT, (Rix. ZD Py(x) =0
2 Ry(z) D FOEER= 0 BKEHEX)

SITCE, UEDEIAREERXITT, EHEKRDEIRbOLEDLETELELE,

(2%) (6] (8]

(1. ZAMKDEE) m: EOFHK, z=sinu. L LTUTOLICEREIND sinu DFRAXEE
Z3,
sin mu __cosmu

Pom(z) = sinu ’ Pem(2) := cosu

(2. lemniscate BI¥DFEA) n: primary . z=si(v). L LTUTOEICERSND sl(u) DFH
B %E%E% 5, sl(u): lemniscate sine, cl(u): lemniscate cosine.
sl(nu) cl(nu)
sl(u)’ cl(u) ~

HEb Lk, 20 lemniscate AMIC L > TEB SN A HFRBFICOVWTERTWELE 9. ZOFEHE
BIIBRLETHFERD Y, ZORMESHEEEROERICHLERLTHNET,
(HERHOF) (7] (F2D sl(u) & s LBVT,)
Csl((3-2i)u) (3= 26) + (T+4d)s* + (11 - 108)s® + 512

R, a(z) == R n(z) :=

Foo= sl(u) T 14 (=11 — 104)s* + (7 + 43)sB + (3 — 24)s1?’
G0 cl((3—2i)u) _ 1—(2—6i)s® + (3 +8i)s* + (12 — 44)s® + (3 + 8i)s® — (2 — 6i)s'® + ™2
-Lo= cl(u) T 14 (2 —64)s2 + (34 8d)st — (12 — 44)s6 + (3 + 8i)s8 + (2 — 64)s10 + 5127

HHTZORBRPKOBERLBONHECERE YT, HEREB R, 2(z) & Ren(z) ORICUT OB
EXNHLELH, FARICLT, FHHRX P, n(z) & Pom(z) PEICLBLOBBEANH B L/ T L,

&R) EIE%EX) (6] (8]
(1. ZAMKDOEE) mEOHK. Z-HREDEEX Py m(z), Pem(z) DRIZLATHRILT 5,

(1.6) Pom(V1=22) = (=1)™T P, m(z).
(2. lemniscate B MDHA)  n:primary ¥, Q(i)(z) PHEME R, n(z), Re,n(x) ORITLAT AALIL
—3.60

1-22
(.7 R, ( W) = R, n(z).
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3. THE CONNECTION BETWEEN THE TRIGONOMETRIC FUNCTION AND THE
LEMNISCATE FUNCTION FROM SOME PLANE ALGEBRAIC CURVES

M BE ABERFERFER BEHER -

=B & lemniscate B O RN HFITIZN L SO TS HRENH O 4, £, WHF. BLESIC
LTHRENET,

mik e LCit T=AMK L lemniscate IR CBAMA A T, ] LWUby <o £ZT -

S CHEGREHH L LTOM (2.1) & lemniscate(2.2) (FhEhA, =AMK L lemniscate B3 D
RLRSTVWHHER )
(2.1) 2?2+’ =1
(2.2) (@ + %) =2% -9

IO 2 HODOREMBIZMAONOBRNY TRV ? ZORMYIZONTELZTHEET,
FFE. FATNROARKEBEREBR IO LS IR ENDION 2 TOWMBEICEREETES, (E:UT
A P:=(z,y) TR ETCLOELERA,)

(ADHE )
R EOA P = (z,y). BAF :=(a,b) (EB). c>0 (B . KHLTUTORHEHBETSHD,
(2.3) |PF|=c,  (IPF|:=+/(z-a)’+(y—b)?).

FiFE 23 LTH:r? 44> =112 F=(0,0) Tc=1DFB LV ET,
(lemniscate DI{FE -+ )
RZ J:a)‘ﬁ P .= (m,y)\ ,ﬁl‘ﬁ F1 = (al,bl),Fg = (az,bz) (Fl,FQ 'iig‘ F] 7& F2) . Cc> 0 (;"E&) N Iz
HLTUTOEBEZRHMRETH LD,
(2.4) |PF1||PF,| =, (|PFi|:=(z —a:)2 + (y—b:)2 (i=1,2)).
%4 (2.4) (2%t LT lemniscate: (22 + y?)2 = 22 — y? i1 Fy = (-1/V2,0),F> = (1/v2,0) Tc=1/2 DHE

/N 308
TOLIREEAERRDE IR LDEEZTCVEET, KA MILUTD 3,

(R4 b)
1. PEREHBBOEREDO—ME{t, EHROEAF, L c>0 (EX) Lo THRREND MR, &
ERIXEVWZIRERB,)
|PFy||PFy| - |PFa| =¢, (IPFi|:=V(z—a)2+(y—-b:)? (i=12,---,n)).
2. LR 1OHMRECH LT aBOEARBREn ICEFELTEEZLDEE LS, (BREn ITEKEL
THRE Eh 3R ¥R
3. ZDIIIERL, 21X TBRINT-HRELEEEEZ T, DEY,
fi(z,y) =0 < |PH|=c,
fa(z,y) =0 <= |PFR||PF|=c,
falz,y) =04,
fk(a:,y) =0 <= |PF1“PF2| (RN IPFkl =g,

EHIREKED - B % (EF) SERICEMRERTXE159 -3, (BEFSH) 344-0123.



M KRB FEKRFRER BOEHER -

PEL, 2, 3NEAMBELS T, SOK5RELS L ECHRLERERLRKER f(z,y) = 0.
RUZOHR (F8) 2@ LET,
(BER) (T4 (1]

B n AT B EERKER fa(z,y) =0 & LTROL > RLDEELS, (c > 0:EK)

(%) kI;Il(xZ + 4 — 2¢(z cos _Z_f_zz_r + ysin gfl—”) + cz) - =0
OB, ZOLEREHER fu(z,y) =0 DMELEOE I, ROLSTELILNS,
n 11
\/ECB(%, 5)

L. B(p,q) iX Beta-function,
1
Bpg)i= [ 1 -a)" s (pg>0).
0

(HEO)

EE (%) OFEEREKER folz,y) =01, UTOEXFIZL>TRRENEZLOTY, (AL DE
ZFEELCT,)

R2 LDA P := (z,v)- EX F; = (agj,bt-j) (BT F;; IZERED 1, ICKET D). BRENL, E
¥B~OBK s ZAELT (0:N—R), UTDOL>RbDEEZD,

fi(z,y) =0 <<= |PFu| = ¢(1),
fa(z,y) =0 <= |PFy||PFa| = ¢(2),
fol@,9) =0 &= |PEnl|PFallPFul = ¢(3), (lPFijl = \/(93 —ai)?+(y— bu’)z)

falz,y) =0

k)

fi(z,y) =0 <= |PFu||PFi2||PFis|-- - |PFix| = ¢(k),

IDEIREZFIHLTc>0 EH (B #HAELT, RENICER Fu LMK 2UTOLICE
HebD

Fnk:=(ccos%%,csin?), (k=1,2,---,n, neN)

o(n) :=c™.
“ht, ERORKHK () ERVET,

(HRQ)
REOHBE L. = IICEBTEEAN, BRICESNINETLTREFLUT [2] 3] [4] OXMIzOL
TOREIZONTEELEVEBVET,
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#| 4. Multiplication Operators With Closed Range
¢ On The Bloch-type Spaces
22OV T

A oM

. RE NE RREEAE

D #ERTE LOMBUIMRERTT b0 L T2, TryREMB
I f llsz=1£ O+l f lla< +o0 ,
where || f ||5:= sup(l -2 |f'(2)] %W=+D i@%ﬂﬂﬁéﬁimbfx
DM LT B, ﬁﬁ’ﬂ#ﬁ* IJo, M, 8RO LD ITEHRTS :

L)@ = [ 9K, I = [ 1Q)eOde

o My(£)(2) = 9(2)f(2) -
A ENT7 v v RZEH B O Multiplication operator M, CHRIERAR 1,,J,
23V D bounded below (272 3 DN OWTHIE LIROFER R/

¥

Theorem 1. Let g be an analytic function on D and I, is
bounded on B. Then I, is bounded below on Bif and only if for ¢, r with
r < 1 for some w € D, there is a point z, € D such that p(zw,w) <T

and |g(zv)| > €.

10

Theorem 2. Let g be an analytic function on D and Jg is
bounded on B. Then Jy is bounded below on B if and only if for ¢, r with
r < 1 for some w € D, there is a point 2z, € D such that p(z,,w) <r

and (1 — |zy[?) (log I?[!sT.T’) l9'(zw)] > €.

Theorem 3. Let g be an analytic function on D and M, is

bounded on B and suppose that lim(1 — |z[?) 1 |9'(z)] =0. Then
. z—1 1-—- IzP §

15

B &= % % 2 25X 16=400

_‘7__



M, is bounded below on B if and only if for ¢, r with r < 1 for some
w € D, there is a point 2, € D such that p(z,, w) < r and [g(z.)| > e
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5. Notes on integral means
of analytic functions

Shigeyoshi Owa (Kinki University)
Tadayuki Sekine (Nihon University)

Let A, be the class of functions f(z) normalized by

(1) flz) = 2+ Y ad* (neN={1,2,3,---})

k=n+1

which are analytic in the open unit disk U = {z € C : |z] < 1}. For analytic
functions f(z) and g(z) in U, we say that the function f(z) is subordinate to g(2)
in U if there exists an analytic function w(z) with w(0) = 0 and |w(z)| < 1 (z € U)
such that f(z) = g(w(z)). We denote this subordination by f(z) < g(2).

Lemma 1 (J.E.Littlewood(1925)). If f(z) and g(z) are analytic in U with
f(z) < 9(2) (z € U), then

forpy>0and0<r<l.
Theorem A (H.Silverman(1997)). Let

(2) f2)=2-)_ anz" (a.20)

n=2

be analytic and univalent in U. Then, for z =re® (0 <r < 1) and p > 0,

[T < [T iae@re,

22
where fo(z) =z — >



Theorem 1. Let f(z) € A, be given by (1) and

3) 9(2) = z + bjzd + by 27N €A (F2Zn+1).

If

(4) > a| S Ibgoal = B (1Bs] < [Basoal),
k=n+1

then, for z =re® (0 < r < 1) and p > 0,

[t s [ iotopa

Corollary 1. Let f(z) € A, be given by (1) and g(z) € A; be given by (3).
If the coefficient inequality (4) holds true, then, for z = re® (0 < r < 1) and
0<ps2,

I
2

2r
[ 1@Pds < 2mrs (14 [ 197  fyaf140)
0

Theorem 2. Let f(z) € A, be given by (1) and

(5)  Rh(z) = z 4 b2 + by 2V 4 1302V €4 (20 +1).
If

oo

> o

k=n+1
then, for z=re? (0 <r < 1) and u > 0,

S bsj—z| = [b2j—1] — 1651 (Ibs] + [b2j—1| < |bsj-2l),

(6)

Aimwwglgwww

Corollary 2. Let f(z) € A, be given by (1) and h(z) € A; be given by (5).
If the coefficient inequality (6) holds true, then, for z = re’ (0 < r < 1) and
0<ps?,

-3
2

27
/ [f(2)[#d8 £ 2mr# (14 [B;Pr2070 4 fbyjy [PriG=D 4 [by,_*r0~D)
0



6. p-FAFIBIECXT T B Carleson i

18113488 (B1RKZE - RWEEIZFE)

Carleson [4] 1238 FnBI ¥ D FEHEE R EIZBH T 5 FAT Fatou D EE % KD Carleson
SEifA AV TCIEERA L.

EE A. D ZR" DER Lipschitz \BIZE T DE, EMC > 1 'FELT, UTOHE
DEOIID £ €D BRUHDNENr>0ICXHLT, x, e D& x, ~ ¢l =r EZD
EERETD, COEE, unt DN B¢, Cr) DIEGBFBEKT DN BE,Cr) THAT
WBE5IE, DNBE,r) ETu < Culx,) £33,

Carleson §FffiiZ, Lipschitz Sk &1, &V —RLRBERICILRS N, BHELER
IZ BT ARMABIT TR 2 EEE R LT3, Carleson FHHDIERIZ KR LT 3
BYDOHENRDB:

1. —#% barrier. Carleson D& ¥ DIEHR, Jerison—Kenig [10] T Z D HFETH
3. ZOFBROEDICIIERAS—HIKEVWZ L (FREESRH) 2ERE
n3. REEEZBOTT, # TR EMAIEZEMANO—KELED p-#
FIBA#C x4 B Carleson FFli 2 &< Z & 23HK S ([9D).

2. 18R Harnack RE2. Carleson ¥ {iid R Hamack FEDEHICHV LN D
25, [1] Tix%kicHE 5 Hamack BB %R LT, O & LT Carleson F¥1f
PE WL, ZOFIEE, FREEEFHEEZERET, FERLRREWMICH,
Carleson Ffli R4 Z & AtH¥ES. L L, #AFMBEKE—E Green 7
Vy NTRTIDIL, FREFERXOBIIICHATE 2o 7.

3. Domar M753%. Domar [8] XL HMAMEKOEEEHNHEORELAWT, E
FrEGEEENRRLATNLEEE L & MH%2 5 2 7. Benedicks [3] ®
Chevallier [6] i% Denjoy R DB 7LD+ T Domar Di#EiwA%, Fid Carleson
FME 5L THB I IR SNER, TRUBEIEROATLE> TV
(2] 3 Domar O F % ERCERAL LT, FEEEZMA%EE LR John
$E1IZ® L T Carleson #Fffi %/~ L7=.

Domar O 5% R" OfEEK OB T Thed, —ROERMBIEZEMOIER



KHERRORICRH L THRIMIOI L 28BETS. (X.d,u) % proper (EREALES
xRy b)) REEREREZR L U, BB u il doubling T, (1, p)-Poincaré %3
FRETD. ZOREDTT, Cheeger #5r [5] BEZREH, p kD Dirichlet F&5y
DESFBEORREL LT, p-RAMBENRERIND. EOLEHEE p-LRMBEKL W
5. ZOFEEIZRLFEDOT TY De Giorgi [7] D HFENERATE ([11]), p-$58
FOREMOTIIBENFE: u > 0 43 B(x,R) T p-4 M2 61F,
1/p
u(x) < Cs( J( u? dy)
B(x,R)
BIEREND. 2L, BEC X xR, ulli&b72v . Domar DFEXERT
BIIEZOFREXTHITH Y, EEERIEZRM X ADOF R John RIS ED p-RFIE
#iZxt LT, Carleson i¥li%A ¥ Z L3k,
Z i Nageswari Shanmugalingam (Cincinnati X%¥) & O#RHFETH 5.

25Xk

(11 H. Aikawa, Boundary Harnack principle and Martin boundary for a uniform domain, J.
Math. Soc. Japan 53 (2001), no. 1, 119-145.
[2] H. Aikawa, K. Hirata, and T. Lundh, Martin boundary points of John domains and unions
of convex sets, preprint.
[3] M. Benedicks, Positive harmonic functions vanishing on the boundary of certain domains
in R", Ark. Mat. 18 (1980), no. 1, 53-72.
[4] L. Carleson, On the existence of boundary values for harmonic functions in several vari-
ables, Ark. Mat. 4 (1962), 393-399.
[5] J.Cheeger, Differentiability of Lipschitz functions on metric measure spaces, Geom. Funct.
Anal. 9 (1999), no. 3, 428-517.
[6] N. Chevallier, Frontiére de Martin d’un domaine de R" dont le bord est inclus dans une
hypersurface lipschitzienne, Ark. Mat. 27 (1989), no. 1, 29-48.
[7] E. De Giorgi, Sulla differenziabilita e I’analiticita delle estremali degli integrali multipli
regolari, Mem. Accad. Sci. Torino. Cl. Sci. Fis. Mat. Nat. (3) 3 (1957), 25-43.
" [8] Y. Domar, On the existence of a largest subharmonic minorant of a given function, Ark.
Mat. 3 (1957), 429-440.
{9] 1 Holopainen, N. Shanmugalingam, and J. T. Tyson, On the conformal Martin boundary
of domains in metric spaces, Papers on analysis, Rep. Univ. Jyviskyld Dep. Math. Stat.,
vol. 83, Univ. Jyviskyld, Jyviskyld, 2001, pp. 147-168. .
[10] D.S. Jerison and C. E. Kenig, Boundary behavior of harmonic functions in nontangentially
accessible domains, Adv. in Math. 46 (1982), no. 1, 80-147.
[11] J. Kinnunen and N. Shanmugalingam, Regularity of quasi-minimizers on metric spaces,
Manuscripta Math. 105 (2001), no. 3, 401-423.



7. 8 HERICKSIBTEOEH AR

o

B (BIX-2EHR)

ARV BT HESERFESOB%E ThH o2 EFR Z ¥l CADTHAESE T, AIXER Z F
HCHOLEEERSZ >0NICHDEL, XBREXRZFECOTFFEEIZ <0RIZHD
LE 3. oo #ERKREC NOERESL L (#->TC =CUoo £i2Y), 2 8K Z FH
CLOELLIEE yH ook 2z BFES o ST C\ (AU B) NOBE#MBHRE LT, A%
&1:C\y & BEELC\ v &y B> TEXRICHEY B THR S COME)—I V@A
¥ W,, L5 <. ZhE (3] THREIRKIC

(1) War = (C\ 7)1y (C\ )

LRLUEMS, Zhioo Rz D EDZICEBE 2 D2 SONEAE RS C 0 2 EHEE
T, rTVZ =2 —=ETHE. W,, Do DEZHINZRIEELLETEST
LoDz e C\(AUB) DEICHBNEEEZENT (DY 2 2B T). ALBUHES
W,,\ BIZET2 ADEREE (2])

(2) cap(A4, Wiy \ B.) = inf / w.. di A *dp

%E23,BLO = {pecC®°W,,):9p|lA=1, p|B=0} THD. EF(2)iTdDERR
PAamMICBERE S ., 2FH, Thi

(3) sy € C(Wor) N H(Wiry \(AUB)), tplA=1, u,4|B=0

TRMATT 5B ([2)), 2 2K H(R) R —< Vi R EOTRTORMEROEE H DT
ET Dy, f 2B fD2IZBITHTROBKRTD O FAMS LTS :

flz+re?) - £(z)

r

Dy.f := 1r1£(r)1

F(=E+ink zDLDOW, , OHIEEITBIT DEENRBFEE (.= VZ -2 (VI=1)
EFBH. FOLERODEBARNBBON-OTIZIZHET S -

Dq .cap(A, W, \ B)

0 2 9 2 9 5 |
=7 [((a—fuzn(o)) - (a—nltzn(o)) ) cosf +2 (ﬁ“:,q((}) . %UZN(O))\sm 9] X

ZOBKITKROERTRINARDTC\ARC\ B2 —RORBED Y —< HEIZHLE
TEHLBEDbRE. bW, Rcap(A,W,,\ B) Ru,, %iZyD C\ (AU B) TOKRE k



E—BICEETHIDO Ty 2RV EZIDLEL 2 THESAL LR, LI L—KDRET
ARV FEELTVICREICADETO y DEZIIEZRNT 2 NV OFETEIEZ =
TOyDOWMBIEFED T ERENRIT ML 2D, ETLEOAK(4) DISHITEY S
5. L, cap(A, C \ B) & cap(A, W, \ B) DLBIIEEARBETHHMB I IZONT
FREAK ) ZEBCEARRENRERL 2D, ROV TIRIEDOEHVEEER O
TOBE IR UV, SENXEEMRROBER~DICRIZOWVWTIENS ([1]) BH).

TE: DBERAOBEIELALBENELTIESNTHS :C\(AUB) LOEH =z —
cap(A,W,,\ B) lEC* & TH 5.

s B X ®

[1] S. AXLER, P. BOURDON, AND W. RAMEY: Harmonic Function Theory, 2nd ed.,
Springer, 2001.

[2] J. HEINONEN. T. KILPELAINEN, AND O. MARTIO: Nonlinear Potential Theory of
Degenerate Elliptic Fquations, Clarendon Press, 1993.

[3] M. NAKAI AND S. SEGAWA: A role of the completeness in the type problem for
infinitely sheeted planes, Complex Variables, To appear.



8. AFEXDOFYEICEY 2 EEBK

SRR (AhBRER¥RS THERFHEH)
N. A. Watson (Canterbury Universty)

(n 4+ 1)-%k 5T Euclid [ R**! o &% (z,t) £ &L (r € R, t€R). R
OEFMES D IS LT, REBL-TER K(z,t) & (BHERNORSTOFSE
BT 2) D LOBEBB eSS LIZT S :

(1) K(z,t) >0 ae. on D,

(i) D ETHMAERZHE L TEEOBK u(z,t) LT, ROBRMHY
LD
u(0, 0) =// K(z,t)u(z, t)dzdt.
Jp

El&mentHe LT, Kz t) = 2""2(rc)""2|z|?/t? 13RS (0,0) PO, *
Zce>0 08K Qc) LoBEBRBTHS. L,

Q(c) = {(z,1) € R™"; |lz||* < 2n(~t) log (_7) )
HIRDERITL Gauss-Weierstrass HOLEEETH 5. 3T, I I TRUTORE
LEETD.

(1) HEMBMSEET S D i3 fanr?
(1) BRLEEBEIT O OEET 57 ?
(I11) inf(z yep K(z,t) > 0 &2 2 HEEBEUL O OFEET 527

EE 1. 8 D ISR LT, UTREET ro >0 LEHSEEDOM {Ealaca P
BEEXRETHE D LICEERENEETS .

(i) Q(ro) C D.

(i) FED a € AITHL T, Qro/2) C E,C D, E. = E, 2 V(z,t) € E,
ICRL T, (y,8) € Qro/2) BEEL T, (z,0) & (y,t) & tFEENENT S E,
HOFNRTHESZ LA TES.

(iii) | ) GpEa D D\ Q210/3).

a€A

EE 2. 8 D ICARLREEBEOEET LT, EED c>0ICHLT, A
Bt. WEELTDOQ)N{t >t} THS.

DT ehs, BERRIARMEERBE RV Ea%h b, BEAR (o] <
(- <t<0} IIBERLRBELHBRTELN, Toofle UL TUIERL 8
BK Qn(c) (modified heat ball) 25 5. BHRE m > 01/ L T,

Qm(c) := {(z,t) € R ||z]| < (2(m +n)(—t) log(c/(—t)))?, —c <t <0}



WIRDE R EERB LD -

%(%m+MbﬂbgC§)—Mwym(mggﬂh%<é>+%£>.

22T ey = wm/{2(m + 2)(4me) ™2} T, D wy, 13 R™ OBEIROKIEE
=7.
AT, &0EMICHEEMBOEELZANDS OIS, 5 D M

D(p) = {(=z,t); llzll < o(t) (-1 <t<0)},

OEDBEREXD., ZIT e ld (—1,0) LOEEERBKT, HREBHICT
BImOISIRDESEVIRT 1o € [-1,0] WHEEL T o 1 [—1,t0) TEFEN, [to,0]
THRARDTHL, 72, 220 [-1,0) Lo o &£ v ISHL Ty &i,
IE@';’E& 1 < ¢ 7’3‘@& LT, }E,m@i&{%-’c“ Cl’l/)(t) S (p(t) § Cg’l/}(t) 7555*/: V)ﬁ’)
Zee¥a.

ﬁft&w

R ORI o(t) ~ (4(—t) log | log(—t)|) /2 TH B M6, BIA T {||z] <
—et, —1 <t <0} ICHEEMMAEELROI EbMS, kY —RICKASH
5.

R 4. () o) ~ (-0 (02 1/2) 72 b EERBMBTEL 50
(ii) p(t) = (=t)P (B < 1/2) R S IIHEBENEET 5.

(iii) hf?ﬂdi;ﬁﬁﬁg}#@@ﬁ IFEEL R,

(iv) (ii) DH\ETY (1) LG/ TEEBBUIFE L Lo,

References

(1] W.Hansen and I.Netuka, Volume densities with the mean value property for
harmonic functions, Proc. Amer. Math. Soc., 123 (1995), 135-140.

[2] N.Suzuki and N.A.Watson. Mean value densities for temperatures, to appear
in Colloq. Math.



9. Jorgensen groups of parabolic type, III
- uncountably infinite case -

Changjun Li (Shizuoka University), Makito Oichi
(Shizuoka University) and Hiroki Sato (Shizuoka University)

ABSTRACT. Last time we stated that we found all Jaorgensen groups of parabolic
type for finite case and countably infinite case ([1,2]). In this talk we will state that we
found all Jprgensen groups of parabolic type for uncountably infinite case ([3]).

If (A, B) is a Jorgensen group such that A ia parabolic, then we call G = (4, B)
a Jorgensen group of parabolic type. By normalization we can represent this group as
follows:

Gu.o = (A, B,o) be the group generated by

(11 | po plo —1/o
A—(O 1) and B‘T'“_(o . uo )

where 0 € C\ {0} and p» € C.
Then it gives rise to the following problem.
PROBLEM. Find all Jgrgensen group of parabolic type.

Here we consider the case of 4 = ik (k € R). Namely, we consider two-generator
groups G, ik = (A, Bik,s) generated by

(11 [ iko -k?0-1/o
A_(O 1) and B”'ik_< o iko )’

where 0 € C\ {0} and k € R.
Let C be the following cylinder: C = {(0,1k) | |o| =1, k € R}.

THEOREM A (Sato [4]). Every Jgrgensen group of type Go i lies on the cylin-
der C.

By Theorem A we consider two-generator groups Goy = (A, Bsy) with o =
—ie?® (0 < 8 < 2m) and p =ik (k € R). For simplicity we set Bgx := Bgix and
Gox = (A, Byix) for o = —jetf,



After some considerstion we can see that it suffices to consider the case where
0 < 0 < w/2 for finding Jorgensen groups on the cylinder C.

Last time we stated that we found all Jgrgensen groups in the case where 0 <
# < 27 and 0 < |k| < V/3/2 (finite case)([l]) and in the case where 0 < 8 < 27
and v/3/2 < |k| < 1 (countably infinite case)([2]). This time we will state that we
found all Jorgensen groups in the case where 0 < 6 < 27 and |k| > 1 (uncountably
infinite case)([3]). Then we found all Jargensen groups of parabolic type if the following
conjecture holds.

CONJECTURE. For any Jgrgensen group G, (0 € C\{0}, 1 € C) of parabolic
type, there exists a Jgrgensen group G, (v € C\ {0},k € R) such that G, is
conjugate to Gy .

THEOREM (Li-Oichi-Sato [3]) (Uncountably infinite case).
The group Gy with 0 < 0 < w/2 and 1 < k is a Jorgensen group if and only if one
of the following conditions holds.

(a) 6=0andk>1.

(b) (1)8=7n/6andk=3n/2 (n=2,4,6,...). (2)0=7/6 andk =+3n/2 (n=
3,5,7,...).

() (1) =n/dandk=23/2. (20 =mn/dandk=1+2/2. (3)8 =n/4
and k = (5+v5)/4. (4) 6 = n/d and k = 1 +3/2. (5) 0 = /4 and
k=1+cos(nr/n) (n=7,8,...). (6)8=n/dandk =2. (7) 8 =n/4 and
k> 2.

(d) 6=n/3 and k=+3n/2 (n=2,3,...).
() 6=7/2and k> 1.

Corollary. There are uncountably infinite Jorgensen groups on the region {(6,k) | 0 <
6 <7/2,1<k}

References

[1] C. Li, M. Oichi and H. Sato, Jgrgensen groups of parabolic type I (Finite type),
MSRI Koukyuroku, Kyoto Univ. 1293 (2002), 65-77.

[2] C. Li, M. Oichi and H. Sato, Jgrgensen groups of parabolic type II (Countably
infinite case), MSRI Koukyuroku, Kyoto Univ. 1329 (2003), 48-57.

[3] C. Li, M. Oichi and H. Sato, Jargensen groups of parabolic type III (Uncountably
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[4] H. Sato, One-parameter families of extreme groups for Jorgensen’s inequality, Con-
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10. THE RECURRENT SETS IN
L* SPACES WITH GROUP ACTION

EGE FUJIKAWA
Research Institute for Mathematical Sciences, Kyoto University
and
KATSUHIKO MATSUZAKI
Department of Mathematics, Ochanomizu University

1. THE SHIFT OPERATOR ON (%
On the Banach space of the two-sided infinite sequences of real numbers
€2 = L*(Z) = {z = (zn)nez | Izlloo = sup |zn| < 00},

consider the shift operator o : £ — ¢ defined by (2,) — (zn41). This is
an isometric linear operator on a non-separable Banach space. The orbit of
z € £ under o is defined by

Orb(o;z) = {o™(z) | n € Z},
and the set of the periodic points is defined by
Per(o) = {z € ¢ | x € Orb(o; z) — {z}}.
We are concerned with the recurrent set for o, which is
Rec(o) = {z € £ | z € Orb(o; z) — {z}}.
Clearly, this is a o-invariant closed subset of £°°.

Theorem 1. The closure Per(c) is a o-invariant Banach subspace of £*° and

is properly contained in Rec(c). Namely, Rec(o) — Per(o) # 0.

2. TIGHT GROUPS

We generalize the observation in the previous section to the Banach space
L*°(G) of the L*-functions on a discrete group G and define the sets Orb(G; ),
Per(G) and Rec(G) in the same way. The inclusion relation Rec(G) D Per(G)
is always satisfied, however, we are interested in its properness as is seen in
Theorem 1.

Definition 2. A discrete group G is called tight if Rec(G) = Per(G).

We propose a problem to find examples of tight groups and then characterize
all such groups.



3. APPLICATION TO TEICHMULLER SPACES

We consider the Teichmiiller space T'(R) of a Riemann surface R not nec-
essarily of finite analytic type, and the Teichmiiller modular group Mod(R),
which is the group of all biholomorphic isometric automorphisms of T'(R). For
every subgroup G of Mod(R), the sets Orb(G;p) for each p € T(R), Per(G)
and Rec(G) are defined in the same way. Remark that Rec(G) and Per(G) are
closely related to the limit set A(G) and its subset Ao, (G) respectively, which
were studied in [1] and [2].

Similar construction as in Theorem 1 can be applied to Riemann surfaces,
which yields the following.

Proposition 3. There exists a Riemann surface R satisfying the following
property: for the isotropy subgroup G C Mod(R) of the origin, which is identi-
fied with the conformal automorphism group Aut(R), there is a point p € T(R)
in A(G) — Ao (G).

Furthermore, we can transfer this situation into B(1) through the Bers em-
bedding 8 : T(R) — B(I') C B(1), where B(I') is the Banach space of all
holomorphic functions ¢ on the unit disk A satisfying the automorphic con-
dition ¢(v(2))y'(2)? = ¢(z) for every element -y of the Fuchsian group I" and
the norm ||| g = sup p~2(2)|¢(z)| finite for the hyperbolic density p of A.

Proposition 4. For every hyperbolic or parabolic Mdbius transformation g €
Aut(A), consider an isometric linear operator g* : B(1) — B(1) defined by

"¢ = ¢(9(2))g'(2)*. Then Rec(g*) — Per(g*) # 0.

4. APPLICATION TO H®

Let H*™ be the Banach space of all holomorphic functions f on A with
the supremum norm || f|lec = sup|f(z)| finite. For every Mdobius transfor-
mation g € Aut(A), the composition operator Cy : H*® — H®™ is defined by
Co(f)(2) = f(9(2)). This is an isometric linear operator. Adjusting the results
in the previous section to H*, we have the following.

Proposition 5. For every hyperbolic Mébius transformation g € Aut(A), the

composition operator Cy of H*® satisfies Rec(Cy) — Per(Cy) # 0.

REFERENCES

[1} E. Fujikawa, Limit sets and regions of discontinuity of Teichmiller modular groups,
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(2] E. Fujikawa, H. Shiga and M. Taniguchi, On the action of the mapping class group for
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11. VALIRON AND DYNAMICAL EXCEPTIONAL SETS OF
RATIONAL COMPOSITION SEQUENCES

YOSUKE OKUYAMA
(B

1. THE EXCEPTIONAL SETS IN NEVANLINNA THEORY

Let [p, q] be the chordal distance between p,g € € such that [0, 0] = 1,
and o the spherical area measure on € such that o'(@) = 1. We write the
set of all rational endomorphism of € by Rat, and call a sequence in Rat a
rational sequence.

For f, g € Rat, we define the pointwise proximity function:

(w(g, H)(2) = log [0, o],

1 A
——:C-
[9(2), f(2)]
and the mean proximity:

m(g, f) := f w(g, )dor € [0, o).
)C

For a rational sequence ¥ = (fi};2,, we define the characteristic se-
quence {Tx(k) := deg fi}3o, € N.

Let ¥ = (fi}72, be a rational sequence with the increasing characteristic
sequence.

Definition 1.1. For g € Rat, we define the Valiron exceptionality:

1 m(g, fi)
VE(@:F) = lim s

Identifying every point in € as a constant map, we define the Valiron
exceptional set by

€ [0, oo].

Ev(F) = {p € C; VE(p; F) > O}.

It is known that Ey(F) is at least countable and has the following prop-
erty:

Theorem 1.1 (Sodin). For such a regular probability measure u on € that

u({p}) = O for every p € Ey(F), (ffo — fi1)/ deg fi tends to O as k — oo
weakly.



2. THE DYNAMICAL EXCEPTIONAL SET FOR RATIONAL ITERATION
Let f € Rat be of degree d > 2. We write f* := f** fork € N.
Definition 2.1. The dynamical exceptional set is defined as
E(fD = (pe Ci#| | f(p) < o).

n>0
It is easy to see that (f¥)*o-/d* converges as k — oo weakly.
It is known that E({ f*) consists of at most two points and has the fol-
lowing property:
Theorem 2.1 (Lyubich, Eremenko-Sodin). For such a regular probability

measure i on ¢ thar u({p}) = O for every p € E({f*}), (f¥)*u/d* tends to
the limit of (f*)* o /d* as k — oo weakly.

3. MamN THEOREM
How these two exceptional sets are related is:

Main Theorem 1.
Ev({f*) = E{f*).
In particular, #Ey({f*}) < 2.

From this, by a combinatorial argument, we can also characterize the
Valiron exceptional sets of rational composition sequences by the dynamical
exceptional sets of generators.

DEePARTMENT OF MATHEMATICS, FacuLty of ScIENCE, KaNAZAWA UNIVERsITY, KANAZAWA
920-1192 JaraN
E-mail address: okuyama@kenroku.kanazawa-u.ac. jp



HRIEER

Nevanlinna-Cartan DE_FEFTE LEHAER
"+ A e + /=0

Bt (&RXEKXER BAERRE)

- O#ETIE R. Nevanlinna & H. Cartan QWHWAEN R, HICTOHE _FEEHL
BHEICEBT-ENAEREOEDDIIDVWTERT S, ZOABROREL THSNEERT
A C LOEBMEK f7,... ff PEENCIRES OICERK k & n RESBENDIEN
EWSHEEERVES., TOMBMTEESFTRORBE LBEMIANS, ELn<ORMRE
FERNLDDIOHEIIONT HESA] O—RTORNTELRSEFRTH S,

1 Picard D/©NEEMS

R. Nevanlinna 3E& [25] DT, HHFFEH C LTERSN/BBNZ (T2
HDEEERLUND) AEEEKOKIIEX 2 SERVTHEER P(C) 247 ERH
B &S Picard O/NEEN. HOERAERCEHRMNEELRVWI L LFAE
ThHBIEERLTVS, EK.. Q(2),R(z) € C(z) KM LT, AER

(1.1) Q(2)e*® + R(2)e¥® =1

EETIEERBEE o(2), v(z) HEELARVL, (IN%E [Borel {EFRDORATHEMN)
CHIER, ) TS T. BAEET A8 5ARERNER f(2) = Qe =
1— R(z)e¥® D3 K0, 1, oo £FX max{degQ,deg R} EILED ZEHTE
., ZOWHELERITHNS.

%3, BICABEREKESAE TH%ETYH C LTERSIN-BRAEEERL %
ERTHHDET B,

Mt 1 LERTIIBBHSABRMERCIEbok, [EREOHE] IEERDOL
NEDHETH S, BEHER (1.1) 1 C(z) LTEASNTNIDRETDRTH S,
E. Borel RECZOBREHLED T, RE&EE ¥ 2 p(> 0) RBOFERE
HEEORTIE A, &L TRAKZEREEHBL, 0L SEBEKICET 2 ERE ML
o OEEMERICES P(C) O 1 AOFEGEALT IFIOPORHERKIL. #2 2%
RS EVTND p ) THD., FEABEXALEEIRIRE p RBOFHERNLLS.
M., RS OFEETIRIMETAEEAERIENS o(2)e?®), a € C(2) (F/2iF A,)
EBEERKELT. TOREBHIREIND,

Z5 LT Nevanlinna (3 [ C DBBEBRRMFKICL2BOEKTEHLBOELGE
ROKKIZBD “FEFEEEICL0H D) EWSIHEDR%E Picard D/NERITRD
HHLERTH S, UUTF. TORMSEEHARNIONWT, #EEORECERZD
FORBIRONEL D L2 TERBENDD., BEXTOEMND ZE-> THIZW,



2 Fermat-Wiles DEBZEZEMESICRDD

F. Gross [7) 13 Fermat-Wiles DE# % C LOAHMEKEZMRIZLTERLIL.
FRUTHESE > TERBITET 3 G. Iyer [20] DERMH DA, INS5Z2FXEDHDHRD
®izizs

TE 1 ([20][7][1]) WE&EHEX
(2.2) f@)"+g(zx)" =1

2, n >3 DEFEERBEREMIFEELRN, £ n >4 TIEEREEIK
HRAEELRW, Fhn=2 DEEOBEEMRI. HBEK () LT

(2.3) f(z) =cosb(z), g(z) =sinb(z)

ERIND, n=3 DEE

_1+¢'(2)/V3 ()_}____Mg

24 - ,
24 &= "500) 2(2)

B EENEEBNEET 5. T2 p(z) 1 '(2)? = 4p(2)* — 1 TEX 5N
Weierstrass @ p-BETH 2. EEOBIIINSITEERE h(z) ZERLTHLSND,

BEEICDOWTOERIZRIZD Picard D/MEENSEBOENS, Flen=20D&E
B (2.3) KBSNBDIE. 0 & co D2 DDMIMEERD C LOFEBEKMN
HEEROATHBEIEXONDD, ITNS5ERLEZDE Iyer [20] TH 5.

X/, HERMEEKBROBMMTI L N. Baker [1] 12X 2. IS5 RO—EH %
RS0 H DBNEROFHRENOERAEREZRANS Z L1025 H Ihicil
DEEEEBETIOTEHEL, TITRIOBRNESNIBEHEZMHIIRND, HIE,
fEEX

t+1)2-@t-1)%=4t, (t+1)°-(t-1)>=2032+1)
KBNWT, TNEFNOEDCEREORNEBEKEL Tt =¥, FEEEKD 3
®ELTETHEMT t = p'(h)/V3 ZRATHRREEW, E—KTt=hr? LBV
HDOM Pythagoras D=DFH] T, INNS n=2 DEZOERUREMIES
n3.)

—%. BEEBEKBROEFELEZHERT S IIRE Picard DERTIEIRETH 2,
FD-HRETIE Nevanlinna PE_FEFBICDVWTOLERIHLHERT 5.

B2 2 Borel BERDOARTTHREMEIL Fermat- Wiles DEB OB E 525, B, EE

H e¥ et = e AMDIUDRS, ZOMIADFEK[TO n BEHMIREIL 0™ 40" =
EWHEFRERKIZT I LIRS,



3 Nevanlinna D{ES iR

HHELE C DEEHEBEEK f(2) ITDOWT Nevanlinna PERTERELS 3
DOEMBBIIRTERINS !

2m . do
mi(roo) = [ log"Ifre I
T dt
Nytroo) = ny(0,00)logr+ [ [ns(t,0) =ns(0,00)F,
0
Ts(r) = myg(r,00) + Ng(r,00).

ZZT logtz = max{0,logz}, 7 ng(r,00) FEAMAIKR {|]2] < r} LIZHD f O
BOBEEEZFTOEHELEDTHALDDET S, TNENIEE (proximity),
# (counting), ## 1 (characteristic) B E NS, £fEFEK a € C KDNT
ms(r,a) = my/(s-a)(r,00), Np(r,a) = Nyj(s_a)(r,00) LFEEF AL Jensen DEEIC
& D Nevanlinna DE—FEEE

Tf(’f‘) = mf(T', a’) + Nf(?', a) + O(l) .
MR DILD., X517 Nevanlinna 3 SICE T 2 EKEKEEALZ
Nram,f(r) = Ny (r,0) + 2Ng(r,00) = Ny (r,00) (2 0) .

OB EEEK f/ f BEECERLTVWS ZERBRICORAS, —H. f'/f
DEEEEOWKIE Tr(r) CHETZLREOEBETH D, JHUT HKERKD
) &IEIEN S Nevanlinna DEHTH EHEELRERTH S, INEFALT
Nevanlinna [24] 122 DEOFEEEZH W,

TH 2 ($EXEFR) FEOMHRELEDS ¢MADR ar,...,q,€P(C) & C LD
BEAEERK f ITDWT,

g

(g—2+0(1)Ty(r) < Z Ng(r,a;) = Nram,(r)

EVWITRERD r OEIET2HDEGERTIELTHRILT 5.

EEIIZ DWW T Nevanlinna [24, 25] DI [15], [21], [22], [23], £BEDHRT
(3] [27] REEBREINSL, BITRFEO 2 DT RE] OWMERMEICET
BB H B,

Picard D/NEEIZ, ¢ =3 TIOEEZEA L Ns(r,a;) <O()logr £7201HE3
a; DEFEN2LUTTHEIENSEBIIENTE S,

IS5 HEEEERLZFFMICL D, “k-truncated” TEEEE N}k) (r,00) MSEA
B, THUT Ny(r,o0) EARICERBEINDN, BESNE k(> 1) EHBA2EHE

725A,



EEHFOBOFSIITRT £ THEYS N5, FIAE N (r,c0) WBOEHEEE
BETZOEOBERDOBERATBDOTHY,

ZNf(r, a;) — Nram, f(r) < ZN}I)(T,GJ')

=1

TH2ZEMNS, BEEFTELODROREFRMNKDILD !
(g —2+0(1)T¢(r <ZN(1) (r,a;)

hOINN:: s L'Cycéﬁj\ll&fﬁd)ﬂﬂﬁkﬁﬁ'd”éﬁfdﬁé{%é Tl a M f O [ELHE
f#) Eid. FER f(2) = o ODBATRTERERD T LR, COLE e ()
D% Riemann iR w =a ETIRTHKEL TNEZ &IZR5, B—FXEEENS

N (r,0) < 3 Ny(r,0) < 2T5(r) +0(1)

ERBOT, F_XEFTRRTEFEENEL 4 DLMBNWIEERLTNS, EiE
IEENEEE 4 DREDABRIERK & L T Weierstrass D p EBEMNL<H SN TH
5, BIAEEETERLT, #flAldae; (1<) <q) DEEENEIC m;(>1) TH
. E-EEEEMNS (TR

k! 1 -~ qm,-—-l
(3.5) 4—25;177]- Tz )y <2

.
=t 7

MESND, BL o, MRIMEOLEITE m; =00 EEXD, HIZg=3 D&
(ml,mz,mg) = (2 2 OO) (3 3 3) &L/T%%iﬁﬁi@ﬁjn @Ji‘i. %&ﬁﬁgﬂ

(w)?=w?-1 BLE (W) =@w*-1)?2

ORELT. ThEN

> P "(2/V3) - V3
' (z/V3) + V3

I EMBERKERD, TITp'(2)? =4p(z) -1 TH 5D,

CDRE Iyer DTATTIZEDINT f(2)" 4+ g9(2)" = 1 KHEL =DM Gross
THol., EBE BHEEEK F(2):=f2)"=1-g(2)" TE3IDDEO0, 00, 1 NE
BESOWTND n OBEFELIRDDT. (3.5) 5 n<3NRED. EBOBERITIE
ZFORMERKTH S (3.6) BEAIEL N,

(3.6) sinz B&X

4 HBU Picard DERE

Nevanlinna OB - FEFEHIZIL Picard DHOIUVEDOH MM EHAMEEL
Tz, TRbOBRE TR/ 2EER % H T Picard OREBRICETIROE
HAERTZEMNTES (E. Hille (18] ¥22) :



FE 3 FHEHAKMROBBEMN2ULTHNE. Iz C LO2D0OFEEEKZE
ANWTNRITA—IRRT DI ERARARETH S,

HEOBEKIINERERTRETH S0 5B p OERIIRD L S ISRER ZHD

2p+1 2p+2

(4.7) = [[@-a) B2V = [[=-b).
j=1 k=1
IIZTa;, by BENFNHERDZHDET S,

FPp=1DEE, INEDONTA—FERIITNETN p W, Jacobi DHME
KTEASND. (a; HDVIE b OND 2 DN—HTBHFEIE p=0 L7258
IDEENTA-IRRIIEERICL OB SN, Pythagoras O 3 DMAMEDHIT
Holz.)

KiZp>2 DEZITHEMR (4.7) BHOIHEEEK fi(2),: =1,21KK0

2p+1 2p+2
e@P = [[1AG) —a] #3530 [P =[] () -b
i=1 k=1
ENTA—FRRTERETS, ZDEE fi(2) IREHIEEE 2p+2(>6) @HD
CEIRONIEERICIFET S, IO L THEEMN2ULOEBRENTA—FIERTS
HHAREOETESRIIERZYLA C 2B L3RBTV TH- =, ULl 4D
EETIZ

o IO DHEHR (C?) vi=z+1, (C9) y¥*=2+1;
o X 1 OMEMBER (C)) y*=23+1, (C}) y*=z'+1

DINT A—FBRIEEOBEEEZER L THSNIERIMNERAI NS &ITx 5,
% 2 §iTHI= Iyer & Gross-Baker DRERIZHMR (C°) wl+v2 =1 & (C!) ud+03 =1
DEENZNEN 0,1 THB T EERANESDTHS, Bl (C0) B5 (CO) ~.
(Ol 5 (CY) ~ORAEERE LTH I

(u,u)=($+2 E) BEU ( iy + V3 z‘y—\/ﬁ)

2y 7 2y 2V3 V23
WH 5,

5 Waring ORB#EICAD>T
H. A. Heilbronn 13 “Hayman ORIRESE” (16, 2.26] T T XTOREK f(2) ¥
B f,(2) v=1,--- k) DERF n OHT

k

HOEDIIAG)K

v=1



ERBTD-DITHBEERZEK k = k(n) DB/ME Wg(n) 2RDL) E0NOEE
BICHT 50D S Waring DREEZRRH L2, BIZRD2 R&FELTWS @

1) f(z) =2 OHBICRETES. KB, ZOEE f(z2) = X5 [f o f(2)]™
2) w, =exp{2E2L} (v=1,...,n) ELTOEDEERNRDILD :

1 (1+w,2)"

D

H>T Wg(n) <n &xd. il n=1,2,3 T Wg(n) =n.

4

il

Wg(3) = 3 13B U Picard D/NEBEN S DIRETH 5. EBE. £1(2)3 + fo(2)? = 2 ITE
RN NVIEBETEK f1(2)/ f2(2) ZELAFEAERNT 3 DOME —w, (v =1,2,3)
EEDZENTERN,

FERZEEIAEMERICH L THEZLIEMNTE, R0 2 OBBEICREIN
3, EE. BASNEn & f(z) KOWT f(z) = g(2) /h(z)" ERBERK g h A
FETDDT, g(z) WODWTERBRERDIE, hiz)" TEHAZENEIL N, Z0&E
DEE Wy(n) Y. 78 Wy (n) < Wg(n) <n TH%. W. K. Hayman [17] I&
FRIHAROMEDMICBET S Cartan OEHBICH T IE_FEFTHEEHA TSI & T,
ROEREET

TE 4 BRE2>21THLT

Wg(n) > %+\/n+% BIU Wy(n) >+vn+1.

( Hayman [17) OERE%XERL, BEOHERLEDLOFNDRTVWET G. G.
Gundersen & Hayman IZ K28 X [13] SSHERZEND, TONBILZDFFEE BERE
KEEL TWEZENSUTORTIIZNIMED Z&IKTB,) LELUERREICD
WTIHRERAT Wy(2) =We(2) =2 & Wry(3) =2<3=Wg(3) Mo THBD
HTHB, Gross & C. F. Osgood [8] 1 f(2)% + g(2)% = z D—HAEE 2R E LT,
TEOBEHK ¢(z) BIC

f(2°) _1+9'(8(2)/V3  g(z%) _ 1-¢'(4(2))/V3
z 20(8(2)) =z 2p(4(2))

TEHEZOND f,g MEETDHIEE “p(2:0,1) OEEZBEKRBICFIAHL TAEHAL
7zo n =2 TIX Pythagoras @ 3 DflAZRANTHONS

>8) (BE5) - (M52 =

DRTHD, (BEEBEEIIL ¢(2) = EBFIELV, of [9))




MR 3 ZHhoOROMRIIMNDY Fermat ARRCH T 2ABMB L UEREMICH T R
1 2FIALEDOTHSD, 2O ENDS Waring DRETIIABRNOKIIC - 25UHR. SlX
i y? =2k +z REBBRADROEZEATINBOTR, LMHLAVSERIAFIL <2b,
k> 2 TORBNREMOFEEDLSDMSRVD, k=1 DLEFALL (P) Y =y’ +¢2,
(Py) y'(2) = o+ zy(2) + 2y(2)® DBTHB P, P, EANT (5.8) T 2 ARNIZW KA

(i P{’(z)—12P1(Z)2)2+< P!'(2) )2

Il

F4

2v6Pi(2) 2V6Pi(2)
[ 4Py(2)? - P{(2) + a\’ " 22
= (B e) + (Herasney)

2EBLOBTHD, LOLANS, WRINIT Painlevé BEEK P, P, 2HEMTHHH
Ti272<, Riccati FBR ¢y = y? + 2 THEASh 2 EBABNRK y bEAKZHERED
D, TOEE I3 Airy B A OREBEKTEASNDENS

L él_éi)z_l(i'iJri' .
2\& "4 s\a7a) T*
LM —HT y(z/Y2)/ Y2 B Painlevé HFER (P2) (a =1) ORKEBTHSOIEB .

1235, Painlevé BBEKN Nevanlinna DB _FEEFBICBVT, R0 H5EOMER
BIEEWET DI ENTHRE N. Steinmetz KL > TRENTND (6] FEBREOI L),

6 Cartan DE:R

& T. Hayman [17] I3EHE 4 OFEHIC Cartan ODE_FRATEZEMLIZDOTH >
7-. Nevanlinna DR n KTHEHZHE M P(C) NOERMARICTE T % Cartan
DEHRANEREL TOLHETIZONWTIE Lang [23], Ru [27) 72 EIZFEL WL, T OHFE
T, #EEBEHICT HAHROERAERAOEAICHEE L T Cartan DHE_FETE
AT 202, TOHMKT Gundersen-Hayman [13] Z2EIZ5IHT 5. K
TTRZEOTRITM, MREERBZORUEEVRTEOEIMET 5.

FE 5 (Cartan DHE_FEEHE) MWPMILL p(> 2) BOEERK 91,92, ,9p
IDWTHIZ max;<j<p{lg;(2)|} >0 BROL>TNRBEL. r>0 OBIK

2m
EEHTD. 72 91,00, .9, P q(>p) BOBRBUESR f1, fo,..., [ KDOWT, &
D p BAHHMBMITHEEREL T, AHERK H %2
fifa-- fq
W(g1,92,--- »9p)
TEETSD, ZITW =W(g1,02,---,9p) (& Wronski fT5IRTHB. ZOLELL
9;/o1 (2<j<p) DHBLEH—DRIBRNTHHELT

(6.10) (q—p+o(1))T(r) < Ng(r,0) — Ng(r, o0)

T(r) = / Cure)Z _w0), ZTiTulre®) = sup loglg;(2)]
0 1<5<p

(6.9) H=

(6.11) < STNFD(r,0) = Nu(r,0)

=1



NEBAEZ OB DESZRNT r 5 00 ELAEEEITRIT 5,
FE1 IZTp=20&EE f=gy/g ELT

T(r) =Ty (r) + O(1) BXL Ny(r,00) + Nw(r,0) = Npgm 5 (7)
TH5, FEHEIHKIT Ny(r,00) DEREIZDNWTSD [13] BBEITI2 3,

EE 2 Wy(n), We(n) DTS5 OFEIL. M1 I3 Waring DRIE] (Fermat @
) D& Fup(n), Fg(n) KDOWTHRKRICR DD, IS DIHAIZIE Nevanlinna
DE_FETHEZREAHER (2.2) ICEA L Gross DHENBEILR S,

Ero. &0 —REBHERIZONTIIFHE [35] DBBREND B, Fy(n) KEL
Tid, A& [4], M. Green [5) D#ER DS ([23) bBROZ L),

3T Hayman DFHTH 30, ZHICREET ¢g=p+1DEX

f1:=glv ey fp:=9p3 fp+13=91+"-+gp

I2(6.11) ZEAL. 5 r OEEZRNAL TR DARER ((WARTFHE OBEER)

p+1
(6.12) (1+40(1)T(r) < (p-1))_ NI (r,0)
i=1
PEL, REEEFER Y F ()" = 1 £ » CRBOABNEEMR F, =

hy/hpp1 WIFFELIEE LT, EWICHBEEREOBWEERK g, = b, 1< <),
Gp+1 = 2™h2, (m=0,1) KX DEHE 5 2B ATRENR
14

> hu(2)" = hpyr ()" EFIE zhpia (2)

v=1

DOFIZRELETY, £LT
WRNER ([2],(13]) MELBIEEKj, me{l,...,p} KDVTRMNEDILD :

Ny, (r,0) = O(1) < Ty, /5, (1) < T(r) + O(1).-

j

E3IT (6.12) WWHEATRE, 5 r ORNERDATr 500 £ELT

+1
(1+0(1)) sup N, (r0) < (p-1EI= sup N, (r,0)
1<j<p+1 T 1<j<p+l

NESNS, INED n<p? -1 WS, BEEOBFE N, (r,0) DFEZLZHD
Tn<(p-1p &35, INTEHE 4 AREN. BT Fy(n), Fg(n) ZOWTH
ThoDFHEREFES N2, LBL. & n(>2) EDVWTKROBEENESLIZSS !

Fup(n) < Wy(n), Fp(n) <Wg(n).



7 BRENODEE F.(n), Wi(n) DIEICDWNT

TIIEE 4 DFEIEOBERETH S b, BB~ L 51T Heilbronn DF
kD& n(>2) TWg(n) <n VLD, £z (17] KHRIBFIHEASNT

(7.13) Wu(n) <n/2+a,

BLa=3/2 (nEFK ,a=2 iF4DOHEK ,a=3 nid4DEHEUND
BE) S EASOFENESNTWS, —F. D. Newman-M. Slater [28] Tid
Fp(n) < Van+1 ERBHAMEASNTNS, £k [17] I OBELIOFEL S 2 25,
NWFIUZLTH M S DM & DREISED AN, RELATIE [13] IKX5 &

Fu(5) = Fe(5) =3 [11, 26, 14], Fy(6) =3 [10], Fg(14)=5 [26]

EERU Wi (3) =2 BLU Wg(3) = 3 HEEHITH %. FIT B. Reznick [26] IZX
D=1 DOWTOREIRETREHOTH B, BT 2 AR THRERDDZ
ERRBEEBERD S CORRITESLLDILETH S,
EAMIIENMELT, BlAEn=23,4,728,10 Tid C(z) PRELTRDLIIEH
DHHB, BL w=exp(3F) £T 5.
% (z3 + 1)3 — % (z3 - 1)3 —3(22)3 =1 [Molluzo]

3
5+ )%+ s (2 +w)’+ ¢ (z2+w?)” =2z [Molluzo]

)
4 4 2 4 4 4 2 4

= (z_zj_l) +% (’—z‘;ﬂ) + & (—‘E—" o ) =1 [Newman-Slater]
L))+ (-0 + 3 (z-i)*+ & (z2+1)* =2z [Heilbronn]
5 (1—+§—7)7 + 55 (—trl ;”7)7 + %5 (—‘Li—l o )7 —(23)" =1 [Newman-Slater]
o (—-—1)8 - (—+)8 - (—-)8 ~7(:2)® =7 [New one?]

10 10 10 10 10, ;\10 w0_,\10

(41) - (—3‘—‘) +i (—;—) —i (—{—) — 480(z7)!° = 480 [Shorter?]
EROTND, THH50D » KEUBARMFEKERAL TEBENAREZRDL LW
TELH, INTRRXDBHNIIEIAESTH . HOMK) O, H4HTH
= (2ODHBEREKICLD —BE(LTE3) HREEZ 5, ZEIRAORIIMNG,

Clu,v) PTETNAF A—FERINHEE NS OMBRED [XDD) ELTHES
NTWV3, #HlZE Green [5), Gundersen [11], [10] THRETNEN

(u+v)* — (u—v)* = 8udv + 8uv?
(u+1)% = (u—-1)% = (v+1)° + (v - 1)° = 10(u? - v?)(u? + v* + 2)
(u + )8+ (u— V)8 = 2+411i (uz + %sz + 2—211i (u?. + %02)3

2



ry=1,22+y2+2=0,9> =z +62%/5+ 1 Z2—F(L T DHE#% e*, sinz, snz /&
EMSRDT u, v IKRAL Fp(4) <3, Fy(5) =3, Fy(6) <3 2B TNBZ &M%y
% ([33]). RHRIC Frr(8) <4 ([12]) BEBHSNTWND, —F, W.(n) KDWTIZ

(u+v)% — (u—0)% +i(u +iv)® —i(u — )5 = 40u?v®
(w+v)"+@w—v)"+ w+iv) + (u—iv)" — 4" = 140u30*

BEZ, v=2z=1/u ELTHELSNZRICKD Wg(5) <4, Wg(7) <5 &850, Z
3 Hayman 12K 2 3HE (7.13) IKFEL W, 728, LD Reznick @ 14 KDHiE

Zj-zo(wju2 + tuv + wv?)® = 57 ()

(I w=exp(3)) THBEM HOBEK n LFERIZ) Fg(n) KOAHTFET 5,

ST, Fy(n) <3 KKBOBSIDLEMZRNTH<. Hayman [17] UOFERD S
n>9 TRINEIFRAETH S, —HT. CNETEONOEBIEn <6 ETTH
%, Biln =178 MEE > TR, TD&LEMNEETDHOLERENAIR [19]
THRRSNTNDA, TITEHAT n=6I1CDNTEZXS, Gundersen [10] D
i3, BEEE L TOD Jacobi @ § BWEERAWEZRENTLETH S ([34). i
Hayman OFEAICBNWTERE 5 O (6.11) TR FMER (6.10) ZEREICAWVWSH
BTRDz, DED M5 KDWTXOBEBEIIEADLDTHS. KB ZOHFEIT
(6.9) TEHEIND H 2R0HD &

W((h1)61 (hz)s, (h3)6) = C(h1)4(h2)4(h3)6(h4)6

L0

H = C7'(h1)*(h2)*(h1)(h)
L7 B, TIIEC = —602/05(0)205(0)2 EL. BBNTA—IDYE o FENUTH
12T BEFERELTh =0,+01,hg =05—06,, hg =ab3, hy =af; THBD, TH
i3 (6.10) IKBWT M8 MROUDTEERLTNS, F7- Green D 4 KOS
D0 TEERKICETEEE] 2ROMNAETNS, INS5ITFDOEK THEMEMNZA7
ThBLEEALD.

FE 3 M. g, MTRT 0 ZMATHEEK. THADLERERTHS &SI, (6.10)
DEENMROMLDHEBETRWVAIZ (31, 32) THEATWAM, ZITHALEDIE p B
DREABRTH S, —FH. SEIZRENLZSENETH D Z P 2 BRITIEREIR
BARREDHEUL DV, ERENS B NDEEDIZ. TS L TESNAERRRIE
TREHNICEIL] LTWaEBDNS, T TRWEERD L, EWSFOREDH
BADAROZ M ahEDM 570,

B#IC, BETARNIIOVT 2 DEEMNTKRDDIZT B,
T [30] ETIIAERIERO | BEHICEEL T, P*(C) N® Fermat Bz L7z
INKRHIEB I E AR S N TS, Z I Tk, EBRTARWERER f: C - P*(C)



DIETFTEME & /NI & MFEETH 5 2 £ &R L7 R. Brody D EEMNEE/REE
EELTWS (23] BEEBR). ZTNRGEZBXCBROERLVAD,

7= E. G. Saleeby [29] X u : C* = C BT 3 —MEREMD HEX € nu :
ZLI(UZ‘.)" =1,2€C%. fi:C™ - C BT % Fermat MOBWEAER Finf =
TE(f)r = 1 EBEA k=2 0> 2 OBARDNTERES 5V EHELELK
BOBEEFOERIIOVTEEL TV, ZITRER 1 KE2BOFMIINE
B THD, k> 2 DFESEEET BT, #ET2 MBo—EHE WRIhziin
Frrsizndt, FRCiRS LIEES <BEEASKEICEDN S,

I
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~ (b Fe@) 0 (7 + 40 ) @ 4 KO

LRWIICERT S, 22T, ke D(t) € (HY(B., Ocv) NC®(B,) [ta, - .-

st KED(E) ) = KB-D(8) T, e () o (f + g® V(1)) i f L
ET 3 gw-U(t) 1IcBHT % Taylor BBOBEKRTH 5.
IR DFER I, HFER
(15) dltl(¢y g, k) = (07 51 X)
DIRHERE
(¢1 g, k) = Q2ZZ(6v Ev X)

D¢ & gioxtT BFEAREICK S, Sobolev-norm I & % E¥l (12)
BARF7ED, b L (14) OER%E

(16) V() € ASHTY M)ty, ..., td)

LW INAEHEG ETIT) 2 EBTENIE, (10) ZFIA L 5%
) 2 EBHEEZDT

[l () + Ngullieeny () << Cullg® D () (87 ()l
<< Col[¢“ Pl Ollg™ Pllwen (t)

N3 DL HRB L, 2EEE K} KBRS RE Ky 8 Tua ik
Ezé it Ky DEiE V 0L L FEIC-RELE0iEbN TV,

) td]



DY ILL, WREDRBHMEILT D, CDDHIZ, (16) DIRILT S
kI ICHER (15) DEEREBIET 3 LENEL 3. ZRUIROKE
D TRIND?,

W 4.5. TOCY .= {ve TWOCN |vu(r) =0} T 5. @42 44L&
FAUHEEE2LE, ROUWEEZROL ) RERAFE Z,: K — Kerdy N
Klzw t Q2 : Ker dyy N I(K,[ — Klltl NEET S,

(a1, bo, c-1) = @2Z2(ay, by, co) P& &,
by € AN (THOCN,) = a1 € A3 (TOM), by € AS(THOC]Y,).
W 4.6. (14) I X AR T LT X LTI,
oD (1)(g® 0 (t) D pROE € AN TOCH)[t, - td) (=23, ...)
DEIZLL T3,

5. (I1) U ORELEW, (1I1) V OKEEY

51. U DREZR (Ms]). Q:={a<r<bd}nV ELT, O DEF
FEOEFERBEORERH 2R, [:U—-CV 2AREDRAHR LT
3. (11) ofkb h izl

0 — 1oy L Togy, A

— 15" 0

»oEONS 2EHEEE K LT 5. RBTES 2 54 =/

My = {(8, 9) € AR(T V) & AZTCH) | (DIl + llgllk < e,

(i) (36 ~ 59,41, (3= 6/ +9) = (0,0)}/ ~

LT, SEREMRICHIET 52 R 74 ROFARERIZ (1) L FATLE
HEAVHEETH B, PORELRILT 287 DREA T2, U LOBERME
2 CN ~NDEDIALD S —BICEE S I & & 00 DEBHIEL D, (14)
WWET LR 7 LT LTI ¢,(t) BERET CTOONTHOCN-E
LB k), ZOEREEDHS controllable TH B Z LHREIND, %
D& BHRBICK LT, 0-ARROEERICE L TORDFHEN % Fil
RALT, ¥, 0.(t) & 3, 0u(t) DENEND || ||g-norm & || |[}-norm
WKL TR 522 LR EN5,

12688 4 5 DFHDAA > b3, M LD CRIEEIIEDAADSEE BDT, ¢,(t)
DERZ P VBRI D bad-direction IZBEHALD u RDIH g,(t) DFEIZ L > TT
ZABLVIHIEIAILHS.

BEL, (¢, 9) ~ (¢, ¢) « (1,1) MMSEHRERTOERBFHE L TD wiggle DEWRT) 970! ~
$'TOL L EZ TS, %1, KEEWOBRCAIL T g DEBEREGHZRET S
7oobic, A% norm {|gllk < Hlollk < lglles1 ZFRAL T3,



(V) ([GS)) X 2 U LORT FAVFT Xjga € T(09, T99Q @
TO100) 2 M- TbDLTBE,

IX8" Nulli < Cxllulls, u € A%

52. V ORELER (M4], M6]). Bl2.1icmEnrz k)i,

V OREEWGHIE V OEHRICHIGT 3 LIRS, blowing-down
oV OEWMR, H5VEBREMBLE- V OXHRICH
5T s LELLND,

oV oCN RV ORBRARELEL-ARERETS, r =
(zgmwﬂoﬁ Q={r<b) £LTQ DEHEFLOERBEOR
EEEERS. (11) oRb&DHIZFY

0 Tl,Of/" af ftTl,OCN H

18m 0

v

»oBon s 2EHERE K‘Z," T3, ZITYH, I"Z/" REALTRE
AN A 211

My ={(8, 9) € AZTV) @ AZ(F TCY) | 0)18lle + llgllk <,
(1) (36~ 5661, (3= 67 +9) = (0,0)}/ ~

LT, SHEREICHETRERAIA AZBRYT S, JITE, V
LOBEREED CY ~NDEERHSREDZ LRFARVDOT, K° OF
Friciz V ASOEEREOER 2 RAULENH 5. AN ZBRT
LY XL (14) IKFTLTITbN %25, WOREEZRIET 2 Mo DH
BTk, BRADETIR () OF 2=y 7%, WNEBTIZ Garding FFR
*FAT 3.

6. Wiy S -fEA % R oMEEN CREEDS S ((M3))

KW SRR 2 R OMERN CREGEICIE, UT O (i), (i) PHEEZ
o k) RER/ICREBCRAE ¢ e (M, TM) SFLE L, normal 3
BN CRESE L WiTh 3. —F, MK S-EA %2 oM™ CR#E
BESRBRESOERAKETH S (LY) . JOHiTIE, RS-
ER%EOBAI, CRIEBEDREEHOSMERL L BH TS LIC
kb, CREEEDER L EXFRERSDEROHEAEFRAZEAEBL X
WTRTHR L,

AL, (¢, g) ~ (¢, ¢) & (RIFMNSRENTOHRBER L L T wiggle DEIRT) #TO ~
¢T01 LEZ TS,

16 R S DEH A R T HBROKRES, 237 MEOER P ER blowing down
LEUSVTWVS I i, REEMNBESOMERIIEVTIE H Pinkham # J.



V BERMEFRSER h(w) = = hm(w) =0 TEEZ NS CY
DERPIZERT O DARBFRAHESLDET S, e5(8=1,...,N)
EERE W OEALETE, ZDLE, M=VNSW-1 LORY F L
€= VI e (05 — w5l ) RROMEE b,

(i) EETYM o T™ M,

(i) Z € (M, T'°M) = [€, Z] € T(M, T'OM).

IDEE, )M L 3T Y VERICERL, KL SREMT
Ki = @ K{, PBASNS, BADFEMEHBRE ZOFRICAILT
792 Lickh, VOEREBOREGT L ZOEKRMGITIRD &S
KBEoND, (TRT, BREHBLRLTEITWVS,)

(1) HY(K}) DBEAEEMS®E H(K;) = oH\(K;).) (ERM)

PEBEND, H\(Ky) DEE {us)cey ® uo € K}, &3

&, NIRX—YEEOERE (41,...,tg) WEHA degt, = -1, %
BATRE, ABOTME ut) =Y ut! € Ki[t1,...,ta] P

RBEIE deg (ust!) = 0 (VI) D ILD L HITFTH Z LI TE

5, €-T,

HY (K} ) = 0 (v > 0) OH&R, FelitR% u(t) € (@u50K)) [, td]
ERBEIIHERTE B,

H'(K3f )y = 0 (v < 0) D&, w(t) € (@,20K}, ) e, tall

HY Ky =0 (v #0) DBER, ult) € Klylltr, ..., td] T

H5.

CREBEDEEEZHFBRNOEH L I AE» LR L, RIIRT
I, TOREMHIREEMITB T 2RXREMITEFIGL T3,

(2) (8,9, k) € KLy, k= (ki k) EFBE, ky =Ky (1<

p<m)TH3. {BL, k, 1t degk, =degh, —v THB &S
HEIMEFRSER. (deg h, —v <0 DFEIE k, =0.)

o, V IREBSERELOBEBRFICHMBEL 72 SLEHOBE L,

CRIEEEDEFICE L TIRERD &) 2EB®RMI VB LN DS,

(3) (8(8), 9(t), k() € (@120}, ) 1, ta] LT3 &, CRME
DEFE AERRD co- I DEHDEHLEE NS, o
T, CREEDEEEWMKIZ 257 F ERMTZER O L
IHEDAEND.

(4) (6(t), 9(t), k() € (Bucok)) [tr,- - tal] LT3 &, CRAGE
DEWERIZEERED 0-UIMOEEOEHALERI NS, Ly
b, ZOEKHEIZV OER blow down 41 5%,

Wahl KL DEISNTWVE I L THBH, HBRADODEN L ARBEOEKOMGRLE
Ui 2B L LTEFTH B,
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12. An Application of Grobner Bases for the Moduli
of Hypersurface Simple K3 Singularities

Tadashi Takahashi

Department of Mathematics and Informatics
Faculty of Human Development, Kobe University
3-11 Tsurukabuto, Nada-ku, Kobe 657-8501, JAPAN

Abstract
For many classes of singularities there exist normal forms. We know
the weights of hypersurface simple A3 singularities by nondegenerate
polynomials and obtained examples. In this paper, we try to decide the
non-degeneracy conditions of unimodular. bimodular and trimodular type
simple A'3 singularities. We show that they are obtained by using Grobner
bases in this paper.

Results
We calculate the non-degeneracy condition of moduli of simple '3 singular-

ities by using the above theorem for an each defining equation. We obtain the
following results.

For #m(f)=1,

No. | The non-degeneracy conditions
fso AT — 256 =0
f56 A3 + 27 =0
fr3 A3+ 27 =0
For #m(f)=2,
No. The non-degeneracy conditions
[3n 31254 16A° +50007 1—8AT T =225 0%+ X317 +271°=0
fas (108+ 42T =108+ 2717 (10844 A%+ 1081+ 2744%) =0
Tor (2N (=B N A BN —4j1) =0
fos (108+427 =108+ 27u?) (108 +4 N+ 1081+271%) =0
fso (108+4X3 =108+ 27p%) (108 +4A3+ 1081+ 2712) =0
Jua (16 AT=18 M A4 27 ) (— 16 = D2+ 18 A+ A+ 27 7)=0
Tee | 3125—GAA° —2000X2 p— 128X 1T —3600 M —60 0 j 7= 172815 =0
fo1 (27N 36 A u— AT 48277 =164 )=0




For #m(f)=3, the non-degeneracy conditions are long expressions. There-
fore we write them which is not indicated by table.

fsr (@ = 0) : (=24X)(24A)(108—108A+27A2 = 1643 — 1 dd v+ T2 A v — 162 12 —
12802 4+ 64A03) (1084 108A4+27A% = 1643 + 1 4dpv+ T2 v — 16202 + 12803 +64003) =
0.

fs7 (@ = 0) : (=24 X)(24+A)(=8+4A=p?)(B+4A—p?) = 0.

foq (@ =0) 1 (=5124512202 1282 4288\ 12~ 1623 12 + 27 + 7680 = 512220+ 640 v —
1AL 20 —38402 4 1280202 +6413) (5124512224 12801 =288 A2 — 16312 4271 + 7680+
512020+ 64 A v —14dA 1 2v+ 38402 +1280224-6403) = 0.

fos (@ = 0) 1 (1084423 —108u+2712) (1084 4A3 41081 +2742) = 0.

for 1 312541605 +41250%u+ 1607 88824 1% 41620013+ 16613 486403 ! + 11664445 —
5625\ — 16 A8 — 34203 v — 1350002 v— 259222 13 1427000202 421604 w2 - 5670 u2v 2 +
21631312 —583214 12 =216 X303 46075 u3 + 729 A + 7290304 72005 = 0.

fra 1312541603 450002 pu—8A 12 =225 a3 4+ X314 42765 — 200030 — 500000 — 162 v —
130022 8N B U216 M1 = X3 S v —27 18y 4000 A2 416 X802 £ T04A3 w2 + 18000 % 0% —
BN 202 =206 21302 X 2436 0202 — 1920403 —2560 A3+ 6403 3 1 32318 —
A2 7680204 —128 0% 162 4 - 102405 = 0. '

fas 031254 1625 —5625A1i— 16A8 pu4-2700A2 1% — 21603 13 72915 + 4125020+ 16 AT v—
342003 w4 216A4 124607543 v+ 729 A\ v+ 888AH 12 ~ 1350002 —56 TOA 2 12 +16200A0° +
162803 =2592X2 03 421603 1213 472902 L3 86403104 — 58321201 +116640° = 0.

foo o p(=240)(240) (64=A1 =96 A0+ A3 14-30A2 12+ X3 3427 pd 4820 =83 v+

/
7202 =M v—36 03 v—1602 416 w2 482222 = 161203) = 0.
fua (a =0) 1 31254+ 16A5—5625A1— 16X 42700022 =216 A3 13 72915 +4125M0 20+
16070 =3420)3 pv+ 21604 2 v 4607503 v+ 729\t v+ 8880 11? — 13500002 —56 70 2?2 +
1620002 + 160815 — 259202 w3 4216 03?13 + 7290103 + 864030 583202 % +116640° =

I b /! !

0.

foz (a = 0) 1 (1084423 —10844-2712) (108+ 423 +108u+2742) = 0.



13. An Application of Elimination Ideal for a
Defining Equation of Singularity

Tadashi Takahashi

Department. of Mathematics and Informatics
Faculty of Human Development, Kobe University
3-11 Tsurukabuto, Nada-ku, Kobe 657-8501, JAPAN

Abstract

We can obtain non-degeneracy conditions of singularities by using
Grébner basis. We can treat divisions of polynomials that have parameter
coefficients and indeterminate exponents by using pseudo-remainders. In
classification of singularities using hierarchy. the defining equations are
polynomials with parameter coefficients and indeterminate exponents. In
general, the forms of Grébner bases of ideals generated by such polyno-
mials depend on the values of parameters, and those calculations are not
easy. We will see that a stratification problem of coefficients and expo-
nents of a set of polynomials is naturally raised to classify singularities.
We will give a partial answer to this problem.

Result

In the elimination theory, one of basic strategy is Elimination Theorem. We
can obtain the non-degeneracy condition of singularity by using Grobner basis.
As first technique, for the defining equation with parameter coefficients, we can
obtain the non-degeneracy condition of singularity by using Grobner basis.

We can calculate the Grobner basis as generic case.
d 7
First, we calculate Grébner basis G of ideal Jy = <F, @ —F _0_1:
ox’ Oy’ 0=

Q). y, =. Y] ) on a field of rational functions Q(k).

> (in



Type Defining equation(Restriction)
Q2.0 4yl tarty’+xy’ = 0 (a’—4 = 0)
Q2.p B4y 2%y’ +ay® P =0 (p> 0,a = 0)
St x4yl +yt+azy® = 0 (=4 = 0)
Sip 224yl +xly’+ay® P =0 (p > 0, a -
Sff:,q_l w224y22 42y taxyPt1 =0 (¢ > 0, a = 0)
51#21 22z 4yz2 423 tar?y?t 1 =0 (¢ > 0, a
Ua ol +xz?+zy +ay® = 0 (a(a’+1) = 0)
Upgg—1 | ©+x224xy+ay™9:2 =0 (¢ > 0, a = 0)
Uy o4 34zl ey +ay3tiz =0 (¢ > 0,a = 0)

I
=
=

I
=

Type Defining equation(Restriction)

Qio | T4yt +betyF+ay® = 0 (k> 1. b7 —4 = 0)

Qi 4y +r2y" 4y =0 (k > 1, b = 0)
Type Defining equation(Restriction)

Sk.0 w224y +y T b any™ P14 b2y T =0 (7—4 = 0)
S.i 224yt 2y el yF r TR =0 (1 > 0, b = 0)
S,ﬁq_l T2ty by byt payt Tt = 0 (¢ > 0, b = 0)

Sf’fﬁq ooty 42y P b2y by Tt = 0 (¢ > 0.6 = 0)
Type Defining equation(Restriction)

Uy 24 4t ey ety P by T a oy TP IFe = (g>0.c=0)

Upag—1 | @4z +oy? Tacly? T 4oy 11940229770 = 0 (¢ > 0, ¢ = 0)

Type Defining equation(Restriction)
Vio 2ly+ 214 azy+0:2y% +2y% = 0 (Ja®+27-18ab~aZb7+46° = 0)
Vip o2yt 4023y + 2%yl tay’TP = 0 (a = 0)
Vﬁ,‘q_l 22y+3y+ay? 224yt bez?t = 0 (4P +27 = 0 or b = 0)
V;ﬁz‘, oy 23y tay? 224y 4023t = 0 (4aP 42T = 0 or b = 0)

In the case V; ,, Arnol'd showed the restriction with a = 0 or (b2—4) = 0.
This is not right.



14 On a holomorphic curve
almost extremal for the defect relation

TODA Nobushige (BHMIL¥EKR¥ZAR)

1. Introduction. (a) Let f = [f1,-- -, fat1] be a don-degenerate, transcendental
holomorphic curve from C into P"(C) with a reduced representation

(fo-=s farr) + © = €™ {0},

X asubset of C™*! — {0} in N-subgeneral position satisfying #X > 2N —n+2,
and X(0) = {a = (a1, *, @n, Gnt+1) € X|an41 = 0}, where N > n.
Defect Relation I ([1](N =n), [3](V > n). See [2]).

S 6(a,f) <2N —n+1.
aex
We are interested in the holomorphic curve f with vectors a; (7 =1,--+,9)
in X satisfying
q
2N —n+1-e< ) b(aj, f)
j=1
for some 0 < ¢ <1 when N > n.
(b) Let ¢ be an integer satisfying 2N —n + 1 < ¢ < oo and we put Q =
{1,2,---,q}. Let {a; | j € Q} be a family of vectors in X. For a non-empty
subset P of @), we denote

V(P) = the vector space spanned by {a; | j € @}, d(P)=dim V(P).

For {a; | j € Q},let w:Q — (0,1] be the Nochka weight function given
in (2, p.72] and 6 the reciprocal number of the Nochka constant given in [2, p.72].
Then we have the following properties:

Lemma(see (2], Theorem 2.11.4).

(a) 0<w(f)f <lforallj€@; (b)g—2N+n—1=0T)w(j)—n—1);

() (N+1)/(n+1) <8< (2N —n+1)/(n+1);

() If PcQand 0 < #P < N +1, then ¥jepw(j) < d(P).

Note. (c) of this lemma can be refined as follows :

N/n<8<(@N-n+1)/(n+1).
We put P(0) = {j € Q | a; € X(0)}.

(c) Further we put  u(z) = maxi<;j<n | f;(2)],

t(r, f) = 517? /oh{logu(rew) — log u(e®)}db,

and Q= limsup,_ . t(r, f)/T(r, f)([4])-



Defect relation II(see [5]). For any a1,--,a, € X and d = ¥ ¢ p(o) w(4),
(D) Zio1w(h)d(a), f) Sd+1+ (n— d)Q;
() S0, 8{ay, f) < 2N — n+1— (N/n)(n — d)(1 - ). -

2. Theorem. Suppose that (i) N >n > 2; (ii) Q < 1 and that
(iii) there are vectors ai,---,a; € X (2N —n+1 < ¢ < o00) satisfying
é(aj, f) > 0 and

q
2N —n+1l-e<) d(aj f)

for0<e<(1—-Q)(N—-n)/(N—-n+1)(n+1).
Then,
(a) #P(0) = N.

(b) There is a subset P C Q satisfying
#P=N-n+1, d(P)=1, PO NP=¢

and
5aj, f) >1—ne/(N—-n)(n—1) (j € P).

In particular, if ¥1_,; 6(a;, f) = 2N —n+1, then §(a;, f) =1 (j € P).
(c) Any n vectors in X — {a; | j € P} are linearly independent.

Corollary. If f is an exponential curve, there is a positive number §, such
that
Z da,f) <2N —n+1-14,.

aex
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15. The Riemann bilinear relation over CR structures

Takao Akahori( Himeji Inst. of Tech.)

This work is a continuation of our studies on the deformation of the bound-
ales of isolated singularities.

Let (V,0) be a normal isolated singularity in a complex euclidean space
CN. Let M be the intersection of this singularity V' and the real hypersphere
S§2N=1(0), centered at the origin o, with radius ¢, ¢ > 0, namely M =V n
52N =1(0). Then over this C* manifold, a CR structure is induced from V. This
CR structure is important, for example, this CR structure determines a normal
isolated singularity (V,0) uniquely. By noting this fact, Kuranishi initiated the
deformation theory of CR structures, and this theory has been developed by
several authors(Miyajima, Garfield, Lee). The existence of the versal family of
the deformation theory of CR structures is finally solved by [AGL1] by using
”the Rumin complex for tangent bundle valued forms”.

Theorem 1 (see Theorem 7.1 in [AGL1]) If (M,°T") is a compact strongly
pseudo conver CR manifold with dimpM = 2n — 1 > 5, then there is a versal
family of deformations of CR structures of (M,°T"), {(M,*OT") e}, where
T is the pararneter space of the versal family, satisfying:

dimeT = dimcH (M, T").

On the other hand, recently, related to the string theory, compact and open
Calabi-Yau manifolds(both) obtain attentions. For compact Calabi-Yau mani-
folds, there has been much progress. For example, the moduli space of compact
Calabi-Yau manifolds, there is a special Kaehler metric, and the Kaehler poten-
tial.

®(t, 1) = vV—-1d,d log(——c"/ wy AT).
We have to explain the notations. Let (X,7"X) be a Calabi-Yau manifold,
this means that: the canonical line bundle Ky is trivial, H(X,0x) = 0,1 <
i < n—1, where n = dimcX. Let (X,n,T) be the versal family of complex
structures of X. And X, = 7~!(t). By H'(X,Ox) = 0, the holomorphic (n,0)
form can be extended on X,(we write it by w,) and by taking /=1d,d. log,
the potential ®(¢t,) doesn’t depend on the extention of this holomorphic form.
Therefore it is natural to try to obtain similar result. Here, instead of treating
open manifolds, we discuss CR. structures on their boundaries. The approach
to treat rational double points as a CR Calabi Yau manifold(this means that



; a normal CR manifold with dimgM = 2n — 1, admits a non-vanishing CR
form n-form w and H!(M,Op) = 0), is already treated in [AM]. In [AM], Z!
space, a subspace of the Kohn-Rossi cohomology H!(M,A"~}(T")*) is found and
some similarity between compact Calabi-Yau manifold and our CR manifolds
is discussed(one is a compact complex manifold and the other is a real odd
dimensional C* manifold). In this work, over Z!, we see that the Riemann
bilinear relation holds over Z!. As an application, we construct a canonical
Kaehler potential on the parameter space of the versal family of CR structures
like compact Calabi-Yau manifolds. Our new theorem is as follows.

Theorem 2 Asuume that (M,°T") is a compact strongly pseudo convex normal
CR manifold with dimgM = 2n —1 > 5. Assume that (M,°T") admits a
nonvanishing CR n-form. And H'(M,A""YT")*) ~ Z'. Then, there is u
canonical Kaehler potential on the parameter space of the versal family of CR
structures of (M,°T").
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Frenkel OfREIZDVNT

AHEEBE FHIESR), BHLE (FHILERS)
HE B @EILEKRY), REEF ARFEERK)
HH F (EEKFEELR)

Abstract

E#BEH v F—BEELOBRENAT vNEREL, DEED
BEhGERL, VO (#£0) 2 E OBEMESSREL T, V OKRTHAR
THHENXITV O EHTARREVAERETDHE, HH(D\V,0) =
0 1<p<codimgV —1. B2,V DKRENART E DKRTAERL S
i, HP(D\V,0)=0 p>1TD\V IZELTR, ZORRLY,
HP(P(E),0) =0 1<p<dmE-1 ThBHIEL&RTILNTE
%5, 1-7°L, P(E) 3 EDREX@LERAOERHELEREZ KT

Introduction

D % C" OHEHEL, O # D LOERIBEEENPE L T 5, Serre [7] 1
H?(D,0)=0 1<p<n-1 #biE DIEAFEKTHHILETL
2o O Serre MFER & @ [6), Bremermann (1], Norguet [5] (Z& 5 b b
BEOARE L Cartan OFEE B LY, KAKIT D:

(1) D HENTH B,

(2) D FERIBESTH B,

(3) H*(D,0)=0 1<p<n-1
(4) H/(D,0)=0 p>1.

D0y ¥ —REEAFOER NS v EMO L &, Gruman (2], Gruman-
I’\lselmdn [3] 4it@ (1) & 2) EMETH D Z L &L, Lempert [4] iZ E
Y, D psEMNRSE, HY(D,O)=0 p>1T
haZbimllz, $7bb, (1) 261 (4) BRI ISI L ETLI,

IOBEIEWT, EERKTOLE, (4) 25 (1) Y LonE
IMEVHRIREICEEL T, ENVERE Yy v ¥ —EEE L OEE AT v E
BT, DA E ORMER, V (#0) 2 E OBERARESSREL T DL &,
akEaV—E HP(D\V,0) 2#~5,

T= 2 At e Y0 i‘{ff \mA\%LmJuuﬁr 351
#»we & R hg - BH L eE A




EFTRIC B0, 7r) ME ORAEZPLEL, ¥Br ORI T, W L
oY V¥ —REELOEENT TR F OEOLERTHDH L&, HP(D)\
1,0)=0 1<p<dim(E)-1THdIL%EFRT, ZhiL Frenkel DHHED
|IBRTTR TH 5,

Wi, EORREFEST, VOKRTHERTHLXULV O EIZxtTHRK
TNERTHD X, HP(D\V,0) =0 1<p<codimgV—1TH5I & %ETR
T, B, VORTVARTE ORTHERL SIE, HH(D\V,0)=0 p>1
T D\ V&N TRV, Z48U (4) 226 (1) 13 E ORTHERZR OE, AL
LRVWIEEERLTVD,

REICEOFEEMNS, DD EERFEER P(E) OEHSEOHEED XL
P(E) BHTHDHEE, HP(D,O)=0 p>1THAHAZLETTILNRT
x5,
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KERAE A (% ER}5AEGE)

7 XenXtotiE sk ts, sifmsntuwrriic, XarSteinffikvh
Bk X L5 ES R THEEEET 5 2 e ML F 0o TARKAE DS
(Grauert 0 %32 ), %0 x5 BHET C™ Mot o s g T e o¥aR Hessian
55?1 X £ o Fin KihloritE c 2o, o T F R o Stein $HkA @ T w Kiker
3HEEED. X oF B RBLRT ¥ o VEEEHSHEwBAEL., X510
LE T v v VBB W WA yasy 2 3yaY EHBETEY o 0NGET 3.
(y=e? vB17dEWw.) AeF. FAF 20y > oy 3y taRTEBRRE Y +7%
Fd &5 % Stein S AT RESELIMENEITS (Flad —e™ ) AT
C R oo 75X 1mENS v, BT Y Y LR AT 5 = afo3BXA
K% v TRKahler 5FR4E (X 0% Do &) RENREETH 2 REY =D
X Bergmam‘kg colfificow 1o kRIS, Donnelly - Fetferman (83)% Gromov
(197) o Biaty i BR1 B3 Bdh R L ->5%. 465 (03) 12 X
® B35y > oydy % kT ERREET X Xaithn Bergmanst® 245~ = v &
ALE. =7 T D McNead (02) 3. 7 vyx ¥ " EBO<KALT, B>0 it
L FER (Ap+B)ady 2 aydy & A&RT &) RErEcMT s LEdHA
A T7°7 ZAERE ) 2R 7 ML TRz wIEBR L 451 (0: 29 [=I* > ¥ %
PEIRINT VY WEIFRTEVw S ¥ LESR T 3. a2 w2 1A ﬁ%
21—y ') o RIS Kaihler D12 mw’ tvj T, 2oTHEIMES
Wmt C O (SrERBIRE ) kR Kihler ORBE R W 2L ERLT .

9 IR I IR L TR TR RRTEH 5.



%32 X% Stein SRR e dA, 2L X L EfBe~i8% € 43A50 k]
By oBbrLt, 537 0<A<T, B>0 3L (Ay+B)ady 22y3y
gl X Ber{ymm%‘)"% 2787 2,

(ii?-?. 2 RIBTR 0Ty ov ZHTHD e MR LT w‘;m.)

ZIBR 13T o 32 0ME % A s, (305 038R B8dg2,)

w1 X >/P+ L (A4 +B)ady > dy3y | 0<A<?, B>0
—> VYC>0 38eC (X}, st 22338>(C0233¢.

WEQ ¢,veC(0p.nPSH, C>0, yady > Caydy,
ve ClX)p == Kuahler 38 205(p+y) <ML

C(Wgauly + Wgdul, + WFIel; )
= (9-LNall — (FFe(0p)Nuc, ),
rEL we G X)),

MBS ¢, ¢, C, v srolyeL, 512 > 1 #fREFT 2. Xt
AT o KihlerztE ML 28 0 we CoHX) L

WeTaul? + We=18uly — IWy—1Ful?
> <4/:l_e((sb—l)a§u ~a5y )/, u)u — C—iﬂuﬂf + W ull?

ARG %,



18. C? OEHEHhE~EEED Levi form
NDFERrE Levi BE~DIEH

AR R (KBREKHE)

Levi BB L 13 [EEESHER X O mEE D i, #MEK (locally
Stein) 72 & IERISEIR (Stein) 73] & WO RIETH . D 7% C* DIERIHE
T D OER M M C? ROBEIT, M BT <& FETH e (75
W&td M OEZEBETELEZOMN E. E. Levi (1910 %) T, £ LL
BC M DBLNSORER LT, M BB~ &4 (BaE) 2
L7=®7 Hartogs (1906 ) TH . C* OIS Levi DFEED
IR R O F DBEOBREMN K. Oka (19424, 1953 F) DHALLER T, &
AOSEHBEEGROERLL->TW5.

karmdﬂ/t(i?) Docquier-Grauert (1960 %) (Z & ¥, #EL4RkE D 725 Stein THDHTC

Sf&.,m

é—) > skpls
xhaudk

4

DOVEASEMEL, MEESATIEEIZ X > T exhaust N5 T ET

J H5. X BPERHFERCEDERNWE R L F-> Kahler ZR(ED
A, BALNHENDBRICRED D OREREMENY § TRT

&, A. Takeuchi DFERENEDO—i{LL LT —logé iFFRLEL T
R0 EMER D € X 14 Stein THDHZ EBEBIZHND (cf. [1)).
ftn 55, Grauert (Z X > THEINZL o2, HE F—F7 X RIZITER]
SEIR TIE A2 WY RN EET . ¥ 77, Grassmann ZERIED XL 5 12
BHRIEATY Levi HBENEIIHRITDZHELH D (T. Ueda).
2&5%@3’( I3, BMIRIERDERSFEE LD Levi FIRRIZRT 5 (B2 E%k
1) RAOWDBAFENT T —F & LT, CP WD C* O ERBHE
L?(“)L L, M ¥£T® Euclid BB 6 @ Levi form O, M OERBEEIC
L2 BEHFEREOZOIGH ([4) (220 THET S, Levi form DK
TS, M M C3RDBE, —logdy D Levi form BEREHFMIZEIZ
BALT 220DV BEHSEEEIM =CxS(SCC)DETHDHZ LN
EXD. B2 RTER =T A LOROLPRERZFOBRLRE D
i, BR M BRI C & DEEOF TRITIIE (DY Grauert (2
Lo THEENIFA TDHDLUSMNT) Stein 12725 ([2] £/2iT [3]
L0, ZORRIT MM CPHRTEW).
Levi form OFEBRITKDOEY THD.



M C C2 0))—?1'150) < "CUDKE%E@&% Yo = T‘(.Z‘l,yl,.’lfz), J?,'DTG B
FAETEE v =0 £T5 (5 = o+ V1) & p, = (0,V/=1y)
(y €R, Jy| <) ICHEBEWV M OEAITFEA LS. EXFITS A %

a b d Trizy Tz Tzize
A=1b c e|=1|rus Tuu Tuz |(0,0,0)
de f Tzoz, Tzoy, Tzazs
RO ERT B
( hu(y) = (a+¢) +y{2(6" - ac) + d* + €~ f(a + )}
+ 2y% det(A)
 hialy) = (d - v7Te) + y{(be - cd) - VI(bd - ae)}

(y) =
has(y) = f +y{d* + €’ — fa+c)} +y° det(A)
() = hu(){1 — y(a+ ) + y*(ac — b))} — ylh1a(y)|?
LB ZnEE, Ap, = (0,v/-1y) (0 < |y| < %) T®D Levi form
L[~ logu](py, ¢) (¢ = (C1, ) € C°) KDL STk END.

(i) (a,b,c,d,e) #(0,0,0,0,0) DHE

h1a(y) 1(y)
vhu(y)|G + (MQ h(y)

L[- logfsM](py’C) = 4y2det(E—yA)
(i) (a,b,c,d,e) =(0,0,0,0,0) DHE
|{a|?

L[—log dm](py,¢) = m

[Cal?
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1SR

K3 ghill E BHAY b — >3 >~
EF O B — (ARA¥RERSEBEHRFHREH)

§0. .

HABELEFEE L, BY r ¢ H ¥ BoMAEMRY E, = C/ZHTZ TR, E, N Weierstrass #
W 2 = 423 ~ go(r)z — ga(7) WH LT, HAR A(7) = g2(7)% - 27g3(7)? & SLo(Z) M T 2 EE
12 DRAFKT, UTOERFEHD (Jacobi) !

oo
A(r)=(@m)Pq[Ja-¢m*  g=e"7.
n=1

E, ® Kahler ith g, = |dz|?/Im7 xBT55 7557 v O, = Im7525 EFHUE, £0R~Y b
W =y BB (- (S) = (mnyp(0,0(ImT)ImT + n|"2 THAbNDH, TOMKE Res > 1 Tix
INEL., £FEICRTERSN, E512s=0 TEUNTH 2,

Kronecker i2 X 1, UTOFEXFAOATVS !

exp(¢1(0)) = Const. (Im)2|A(7)|3.

ZZT. Const. & 7 IKFLAVWERTH D,
ZOHBETIE. LA Kronecker DEED K3 MEMIZOWTHET, FLVMILUL [Y1] 2. EHOMEIC
DTt [Y3] #5888, Kronecker DEED K3 Ml & 3 R% B IRICOVTIE, [Y2] #8M,

§1. @& %#HD K3 thF.
Definition 1. MTO&MHEHFTEE 1y FEFREFME X # K3BEE ) ©

(1) HYX,0x)=0, (2) Kx=0x. O

COBELAELT, X 1t K3 BEEET, UTOFEFMSN T2 ((BPV], [BBD] ¥ £H8),

Fact 2. (1) 2 RTHEF—FA T OME v: z — —2 L BTEM T/v »OR/IMNERSRHIZL Hnigs
NABEMEL Kummer BT & Vo X & Kummer BIEICHATRETH 5,
(2) H(X,Z) tBHE Z-MBETHH, KIKEANDZ LWL WVBTFLEL L, UTOSERBNFET S ©

H*(X,Z)=Lg; =Ua U UdEs ®Es.

T, U=(2% (), Es Wt 8 DREEL=EV 2T~ BRFTHL,
(3) X ‘& Kihler & %5, EEDKdihler Hid Ricei FEERIM—FEST 2, O

-



Definition 3. M C Lgs %% (1,r(M) —1) O8HEFEL, 0 X - X ¥ERIRE LT3, UTO
ki shs b &, M (X)) % M- 2-elementary K3 &9 ©
(1) ¢ GER 2-BRISFEHIERTS ie., *'n=—n, Vne HY(X,Kx).
(2) HI(X,Z):={l e H¥(X,Z); 'l =1} LB, HY(X,Z)=M. O

CO#FEEAL T, M-E 2-elementary K3 BEAFET S M OAEER5.(M (25441, 2-elementary,
NMBRTFTH D) M-B 2-elementary K3 HIENES 25 1 EMIZUTO LS 12525615,

MYk M D Ly B 2ERHERMERT

MY = {leLgs; ({,m)=0VYme M}
Fact 4. M-% 2-elementary K3 HEANDE E 2 @ Hodge BEDGREMIE, UTORGEFm—HRENS |
Qs = {[n) e M+ ®C); (n,m) =0, (n,7) >0}
Qp BZBEOBRERSTERFDL, SEEESIE 20 — (M) KT IV MaHEERERICERTH L, O
Definition 5. Qur OHBIREY Dy, ¥ UTOXTED S :
Dy = U dt,  dt:={[n] € Qu; (d,n) = 0}.
deM*, (d,d)=-2
Qp PR Zariski MRS QY 2 LUTOXTED S !
Q([)\/! = Qu \'DM. O

IOrE, MY OBETEARE O(MLY) it Qy & Dy HEERE LTEMICERT 2,

Theorem 6 (Y3, Th.1.8]. M-% 2-elementary K3 HIEOHE S 27 1 ZME MY, &+hid,
Griffiths FMISZIZ L )
My =03, /0(M*). O
LT, Griffiths EMIEMICE 0 MS, = 03, /O(ML) L RiT,
§2. FEMARG k- 2.
Notation
e (V,y): a3 s+ Kihler H#tk
o G:(V,v) CERIDOHRINMEAT 2 HRE
o AVIIV £ C®-#% (0,q)-HRAOETEENY bLZEM
o Sy =@, AV V DXL/ VvOEH
Definition 7. Sy £® Z-grading *®E2>EHE O, N, e x UTORXTEET S ©
(1) O:=(8+8%)%
(2) N(p):=qp (¢ € AV (F)).
(3) e(p):=(-1)7¢p (p € AY(F)). O
o(0) C Ryo % O ORRY b, E(N) = {p € Sy; Op = Ao} # O OEHZEMET UL,
@) Sv= @ BQ, (i) EQ) L E(w), A#p), (i) dimE() < +o0
A€a(D)
# Hodge-/NFHBEREL LTHONTVD, 7777 0 Sy LOEHE N, e LARTH Y,
G-FRELHRTHD, ZOI DL, E(A) & G, N, e DIERATARE % Sy DHERRTHAFEMTH 5,



Definition 8. g€ G & s€ CiZL., ¥—sMHEEFUTORTED S !

Cle)(s):i= > ATTr[e-N-glgon]. O
rco @\ (0}

Fact 9. Co(g)(s) i s DEMATAAE L SMAINRL, £FH C HIERSN, 8512 5=014C
BOTERITHE. O

Definition 10 [RS], [BGS], [Bil]. (V,7) PRZEBH b~ 3> %, LFORTESET S
1a(V,7)(g) == exp (—C5(9)(0)), g €G.

g=10k&, BEBFr—valk r(V,y) LEE, (V,y) OBFI—Yarewnd, O

§3. 2-elementary K3 BiEIORER.
Notation
e (X,t): M-E 2-elementary K3 B
0 Zq:= (1) L LLDEREND Aut(X) OETH
one HOX,Kx)\ {0} X EOEM 2-H
ey . X E® F%E Kahler X
o Vol(X,7) := [y ¥*/2!: (X,7) Dkt
e i|nfi2. := fx‘r)/\n T ® LR/ vh
e X'={zeX;uz)=x}: : X - X OTHERE
o X' =1L,C; . X' DEBES DT
e Vol(Ci,vle,) = fg, vle t (Ciyvle,) PR
e ci(Civle,) : (TCuvIc.) ® Chern &

Fact 11 [N]. X* OB M X 0EED, X #0 DL & dimC; =1 (Vi) ¥ 0 I2, O

Definition 12 [Y3, §5]. (1) £#& Ap(X,0,7) L FORTED S !

eXP[ Z fc log (:'7127’12. Vﬁ;(“‘f"'))‘a cl(C;,'y|C.)jl , (Xt #0)

AI\/I(X1 Lv’\/) = {
1 (X* = 0).

(2) E TN[(X,L,’)') & T/\,[(X, L,’Y) YUTORATED S !

14—r(M)

T (X, ,7) = Vol(X,7) =% 12,(X,7)(1) [] Vol(Ci, vle)(Cisrle),

(X, 6) = T (X, 4,7) A (X, 4,y). O

Remark. v #f Ricci-F487% &% —L %ﬁi R0 T, Ay(X,ny) =1 & Ty(X,07) =
v (X, 0y) D2, O



Theorem 13 (Y3, Th.5.7]. (X,¢) 4% M-B® 2-elementary K3 B % 51, 77 (X, ¢, 7) & - AE
Kihler o3 v 12RO v FRIZ, o (X, 0, y) 1@ X OBEWEL  OAKET2EHTHL, O

LT, TM(X,L,’Y) % TM(X,L) L&
Tm (X, 1) = (X, 1, 7).

Theorem 13 £ h. 7py 2TV 25 1 ZEM MY, = Q%,/O(ML) LOBKLRET I LHTED,
M, EDBIE LTD 1y OUREBRRB20IZ, Qp £D O(ML)-FEEERE A, £#HHT 5,
S, % g K Siegel EH¥ZEME L. Ay 1= &,/Sp(29,Z) % Siegel ®YV 27 —-BMfEETHIL, A 1 g
ATEERE Abel SWEDHE Y 25 4 EMTH D, F, ik . A, £O Hodge BRELET,

Definition 14. (1) M- 2-elementary K3 #if (X,.) O Griffiths A# % Fp (X, 1) TRT L E. &
2 Top: MYy — Ay %

0 = L

Tp(@a(X,0)) = [Jac(X*)] € Agan)

ELTEDD, SIT. g(M) = dim HY(X*, Ox.) Th o
(2) B1R IO Q% — Agapy % Ty OBRENBEAIGRE LTED B, Aypry LOBBEZ O(ML)-17
MEEAHIEIILY, JY & O(ML)-AEENERERS, O

Fact 15. (1) Dy OEEFETIRE Z »FELT. Joy 13 Qu \ Z 25 Agary PERT V57 ML
Al N0 O(ML)-REENER Jar: QU \ Z — Al WHIRT 0

(2) BAM ge NPFELT, FI & A LOFRCBELERR Fy (KT 5,

(3) Qu\Z Lo O(M*)-REEMERK J3 F3 oy e Qup £O O(ML)-FEEREMRK 2], (43R
¥2. O

Qy DEEBBEA %R O(ML) ORLHAIHFO(ML) ORABE O(ML)*+ THF,

Main Theorem (Y3, Main Theorem]. B#¥ v (SHLT, Fr ) 75 A7 ) EOFRICBELERR V(M) =/7 Z
VIR B LR Bo Qy £O O(ML)* BT AES (r(M) — 6)y D A -EREFA oY, T, UT ,fﬁ\(ﬁ—gv\;”g
DFEHERITHOIHERHE 1| OBREBREBRT—EMHFETS . :
(1) o4, PEEFZHNRENY v Dy TH 2,

(2) EED M-E 2-elementary K3 #ill (X,.) & X EOEZED AK Kihler X vy 12X L.

|~

TfW(Xv 4 7) = “@‘IIVI(ﬁM(X) 1’))'

ZZT. ||| & Petersson / VL THB, O

BALHE Oy Q8 - MY, &0 7y % 09, LoBKICEIERTY !
Ty, = TM © Iy

Poincaré-Lelong @43 #*%. Main Theorem DE#IX (1) logru € L (), (2) Qur Ln L >

FoEK
r(M) -6 . 1
%WM +JM°JAng) -

dd®logTgqu = Sy,



AT S, 22T, AAUTAVAERFOERILUTOANTHS !
o wyr: Qar ® Bergmann &MY 5 Kahler X
e w4, ! 6y @ Bergmann #&I:M¥ 3 Kahler BR2LHMEND A, £O Kihler B
o WA, - Q(,]” EORE (1,1)-7L > b (ngl)‘wAg(M) D Qpp ~O B BIR
e bp,, - BHRTF Dy \2E %% Dirac §-71 L >~ b
HEOMAHERIL, FE Quillen 3HEOMBAR(BGS], M), 8 LURE Quillen sHENEDHALER
([Bil], [Bi2) ®#AWTR&EhA, #AOFAL. [Y3, 85, §6, §7] &M,

Remark. [Y1] TR EOBSHBKERT O Ricci-FHABDEBLERA<D L) ZEFBLATY
%, Ei Main Theorem MERILE EBORA 2V T, Ricci-FHIRIIE L LEVE, [Y1] &L
BT, BESICOFEL (TR0t COHEHED T, Riccl-PHIRICHT 5 [Y1] Dk
EEELAV, O

§4. Enriques BiEODOMITAIb— 23>,
Definition 16. UTO&E A48 /57 MEGREEME Y % Enriques BIET & ) !

(1) H'(Y,0y)=0, (2) Ky2Oy, (3) Ki=0y O

LT, Y % Enriques Bifie 35, Y O%EHETZEMN X & K3 #HET. EAME o0 X - X &
FELT. Y = X/t bR&NB, ZOLE, (X,0) 12 U(2) ® Eg(2)-E 2-elementary K3 BIETH 5
(IN])e #>T. Enriques BIEx L THEBMEME TOUBERBOME MBS EHILIZLY,
Enriques BE M€Y 2 7 1 M1 U(2) @ Eg(2)-E 2-elementary K3 AN EY 27 1 ZMICRAETSH
%o 72, (U(Q)BEs(2))L = UQR)®UBE(2) 20T, A =UBEs(2) BT, Quuayprsz) HEK
BHRAQR + V—1C) KAHTH S !

1 (v,
A®R+vfkh9y'*((?‘Q%Q>w)69mmM“”

Borcherds 1 A ® R + V=ICh LOBRNME &(y) ¥ KOEBMIC L KA L7 ([Bol]) :
; . +c((r,r)/2)
@(y) = e2ﬂ't(p,y) H (1 _ eZm.(r,y))

TEAT

22T p=((0,1),0), o' = ((1,0),0) € A, A* = {L € A; (I,p) > 0} Thro F72 {c(n)}nz—1 KEL
TOBMMIZLDELSHFITHS |

-

37 e(n)g™ = n(r)"Pn(2r)P(ar) ™8, n(r) = A(r)

Theorem 17 [Bol], [Bo2]. ®&(y) ¢ (Imy,Imy) > 0 D& EEMIHKL . Quuierszy L P
O(UR)aUaEg(2)* KMTrEX 4 NREBRCHEITERENS, O



Theorem 18 [Y3, Th.8.3]. Y # Enrigues & L. X - Y = X/, # L R¥E K3 HEEL T 5,
Kk %Y L@ Ricci-FH Kahler R ETHIE, FFER C HFELT, UTOHXDHH LD

VVol(Y, k) (Y, k) = C | ®(Tu@)ers () (X, )73, O

M =U @ Eqg(2) PBid. 26 KT Borcherds ®-B%A° @4, L LTHAD, OMIIoVT, [Y3,
§8.2], V4] £ B,
Theorem 18 25T, X DEEMEDEHEER 52 Li2k ), UTOREERT I LA TE 3,

Theorem 19 [Y5]. Z, 0,9, v, n EUATDLIIEDS !

o 7 .EBMER LTEHSNA K3 Bl

e g:7Z—Z.COBEEREIrLHEBENS Z OREAIMNE

o g:7Z D g-AE Ricci-Fi Kihler it &

e v g DKdhler B3

e 1. R ETEHEN/A Z OEA 2R THo> T, UTOERILEGELXALTHO

nAG =292

SOLE Z(R) =045 (Z,9) O oFEIRT ST TT2T v A, DRETFIRGUTOSRE &
Vol(Z, )™ "% detz,8,(0) = C || ®(a(y + v—1Imn))|| /8.

CIT. a: H¥(Z,Z) 2 Lgs WEFORBTHE, O
Theorem 19 T. a(y ++/—1Imn) #*RFE K3 #HE Z ORAH TR 22 L2 EET 2,
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