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1. Some properties of analytic functions at extremal
points for arguments

MAMORU NUNOKAWA (Gunma University)
SHIGEYOSHI OWA (Kinki University)
HITOSHI SAITOH (Gunma College of Technology)
NAK EUN CHO (Pukyong National University)
NORIHIRO TAKAHASHI (Gunma University)

Let A be the class of all functions p(z) that are analytic in the open unit
disc E = {z € C: |z| < 1} with p(0) = 1. Let A denote the class of functions f(z)
of the form

f(z) = 2z + iaﬂz"

n=2

which are analytic in E.

Theorem 1.  Let p(z) € N and p(z) # 0 in E. If there exist two points z; € E
and z9 € E such that

. o
____2_5_ = argp(z1) < argp(2) < argp(z2) = 2

for some a (a > 0), some B (8 > 0) and for all z (2] < |21]| = |22]), then we have
zip'(z1)  .a+f
—i——m

P(zl) - 2
and
zop'(22) _;Q +4
P(Zz) 2
where 1l
—la
>
"= TH fal
and




Theorem 2.  If f(z) € A satisfies f(z) #0 (0 < |z| < 1) and
_mB_ Tan™! (a +ﬂ) (i I_ :Z:) < arg f'(2)

2 2
ra afothB 1—|a|)
<3 + Tan ( 5 )<1+|a| (2 € E)
with
—itanE a-—ﬂ)
= 4 \a+p3)’
fhen 8 1)
T 2 o
—-—2-<arg—z—~<—2— (z € E),

where & > 0 and 3 > 0.

Corollary 1.  If f(z) € A satisfies f(z) #0 (0 < |z| < 1) and

|arg f'(2)] < 222 +Tan"'a (2 € E),

then

g 1T (o e ),

where a > 0.

Theorem 3.  If f(z) € A satisfies f'(z) # 0 (z € E) and
_77‘2_ﬂ — Tan™! (a +ﬁ) (1 ~ lal) < arg(zf'(z))

2 1+ |a
To afetBY (1-]a E
<7 tTan ( 2 )(1+|a| (z € B)
ith
wi . . «p
a=1 an4 atd)’
then

—5-2[—3 <arg f'(z) < 7r2—a (z € E),
where a > 0 and 3 > 0.
Corollary 2.  If f(z) € A satisfies f'(z) #0 (z € E) and
larg(2f'(2))'| < g-a + Tan"'a (z € E),

then -
fargf () < 5o (= € B),

where a > 0.



2. Topological Structure of the Space of Composition Operators on H®

Barbara MacCluér University of Virginia

KE 1B— BAIEKX - LFH
Ruhan Zhao University of Cincinnati

Let H(D) be the space of all analytic functions on the unit disk D.
Let S(D) denote the set of all analytic self maps of the unit disk D.
Every analytic self-map ¢ € S(D) induces through composition a lin-
ear composition operator C, from H(D) to itself. Thus C,, is defined by
C,(f) = foy for f € H(D). For a Banach space X of analytic functions
on the unit disk D, let C(X) denote the space of composition operators
on X with topology induced by the operator norm. A central problem in
the investigation of composition operators is to relate function theoretic
properties of ¢ to operator theoretic properties of the restriction of Cy
to various Banach spaces of analytic functions. Here we study the topo-
logical structure of C(H*), where H* is the space of bounded analytic
functions on D.

For the Hardy space H?, the analogous problem has been considered
by several authors. In 1981, Earl Berkson has discovered that certain
highly non-compact composition operators on H 2 are isolated (that is, are
singleton components) in the space C(H?). The result has been further
generalized by Barbara D. MacCluer (1989) and Joel H. Shapiro and
Carl Sundberg (1990). Then J. H. Shapiro and C. Sundberg raised the
following problems:

1. Characterize the components of C(H?).
2. Which composition operators are isolated in C(H?)?
3. Which composition differences are compact on H??

These problems seem quite hard. For the Problem 1, however, Shapiro
and Sundberg suggest the following conjecture:

The set of all composition operators that differ from the given one by
a compact operator forms a component in C(H?).

We are not intending to solve the above problems for H?. Instead,
we will study these problems on the simpler setting H*. We hope that



our investigation for the case of H* may give some clues for solving the
original problems in the setting of H?. For the setting of H*®, we are
able to solve the above problems almost completely. A surprising result
is that, a component in C(H®) is not in general the set of all composition
operators that differ from the given one by a compact operator. Thus,
Shapiro and Sundberg’s conjecture is not true for the setting of H™.
Our results involve the pseudo-hyperbolic metric. For z,w € D, the
pseudo-hyperbolic distance between z and w is given by

Bz, w) =

We will also use the hyperbolic metric which is given by the following

zZ—w

1—zw

formula: L+ B )
Z,w
)= 5 O T e w)

In the next result, and throughout the paper, ||T’|| denotes the norm of
an operator T on H*.

Our main results are as follows.

Theorem 1. Let ¢ and % be analytic self maps of D. Then the
following conditions are equivalent;:

(i) C, and Cy are in the same path component in C(H*).
(i) 11C, - Cyll <2

The next result deals with compact composition differences on H*.
Let B be the Bloch space.

Theorem 2. Let ¢ and ¢ be analytic self maps of the unit disk D,
and let ¢ # 1. Then the following conditions are equivalent:

(i) Cp — Cy: H® — H™ is compact;
(i) Cp — Cy: B — H® is compact;
(ili) one of (a) or (b) holds:
(a) Op(D)NID = (D) NID = B;
(b) (D) NAD = dY(D) N AD # B and

,w(liﬂllﬁ(‘o(z)’w(z)) = w(lg{lqlﬁ(w(z),w(z)) = 0.



3. Unique range sets for polynomials or rational functions

Gary G. Gundersen (University of New Orleans)

Kazuya Tohge (Kanazawa University)

We discuss what is known about unique range sets for polynomials or
rational functions. We also discuss related results, including (i) rational
functions that share three values, and (ii) sets which are almost (apart from
exceptional cases) unique range sets for different classes of meromorphic
functions.

Let F be a family of non-constant meromorphic functions defined on
the plane C. Let S be a discrete subset of C. For each f € F, we define
E¢(S) = Uaes{z : f(2) — a =0}, where a zero of f(z) — a of multiplicity m
appears m times. The set S is called a URSF, unique range set for the
family F, provided that the following condition holds: If f,g € F satisfy
E¢(S) = E4(S), then f = g. The condition Ez(S) = Ey(S) expresses that
f and g share the set S CM (counting multiplicities).

We denote by £, M, P and R the families of all non-constant entire
functions, meromorphic functions on C, polynomials and rational functions,
respectively, and we denote a unique range set for £, M, P or R by a
URSE, URSM, URSP or URSR, respectively. Examples of finite URSEs
and URSMs have been obtained by Yi, Li and Yang, Mues and Reinders,
Fujimoto, Frank and Reinders, Shirosaki, and Shiffman. The existence of
these finite sets leads naturally to the problem of trying to minimize the
number of their elements. Let

A(F) := min {|S| : S is a unique range set for the family .7:},

where |S| denotes the cardinality of S. Li and Yang, and Yi gave examples
which show that A(M) > 5 and A(£) > 4, and then Hua and Yang later
gave examples which show that A(M) > 6 and A(£) > 5. Therefore, we see
that 6 < A(M) <1l and 5 < A(€) < T.

We will show that A\(P) = 3 and 5 < A(R) < 10. Hu and Yang gave
an example of a URSR with ten elements. Hu and Yang also proved the
following result, which shows that A(P) # 2, that is, there cannot exist a
URSP with two distinct elements.

Theorem 1 Iffe M, andifg:= —f—a, then f24+-af+b=g2+ag+b.
Thus there cannot ezxist @ URSP with two elements.

Conversely, suppose that P, Q € P share the set {z : 22 + az + b = 0}
(a® # 4b) CM, where P # Q. Then P = —-Q — a.

Next we prove that A\(P) = 3, that is, there is a three point URSP.



Theorem 2 For anya, be C\ {0}, the set S := {w: w3+ aw + b= 0}
is a URSP, whenever S has three distinct elements.

Remark 1 Theorem 2 is equivalent to a characterization of Boutabaa,
Escassut and Haddad in terms of affinely rigid sets (or stiff sets).

Now we see that A(R) > 3, as a corollary of Theorem 1. Pakovitch gave
an example which shows that A\(R) > 4. We will show that A(R) > 5.

If f, g € R share a set S = {a} that consists of one element «, then we
say that f and g share the value a. A shared value can be by CM (count-
ing multiplicities), by IM (ignoring multiplicities), or by DM (by different
multiplicities at every a-point of f and g).

Gross proved that if f, g € R share three values CM, then f = g. We
prove the following improvement of this theorem:

Theorem 3 If f, g € R share two values CM and one value IM, then
f=g9

Examples show that we cannot replace “two values CM and one value
IM” with “one value CM and two values IM” in the hypothesis of Theorem
3. We also give an example of two rational functions that share three values
DM.

Adams and Straus proved that if f, g € R share four values IM, then
f=g

We will now give an example of a 10-point set & which is not a URSR,
but except for one exceptional pair (f, g), we will see that f = g whenever f,
g € R share & CM. We give several consequences of this result and related
results. One of the consequences proves that A(R) > 5.

Theorem 4 Let a,b € C\ {0} be chosen so that the set ® = {z: 210 +
az? + b = 0} has ten distinct elements. If f, g € R share & CM, then we
have f = g unless

@@ -wl@) ) aa@){r(e) - ()
&)= —0m @ &= o6 - e

where p and q are polynomials and w is a 10th root of unity.

(1)

To prove this result, we apply a particular case of the Cartan-Hayman
theorem.

Remark 2 1) Yi obtained a result for the family M that is similar in
nature to Theorem 4, and Yi used his result to give examples of finite sets
which are URSEs but not URSMs.

2) The two rational functions in (1) share co CM. We use this observation
to show that any set of four elements cannot be a URSR.



4. On the deficiency of holomorphic curves with
maximal deficiency sum, III

TODA Nobushige Nagoya Institute of Technology

1. Let f = [f1,-*, fas1] be a trascendental and linearly non-degenerate
holomorphic curve from C into P*(C) with a reduced representation

(fla"'tfn‘l-l) :C— Cn+1 - {0}»

where n is a positive integer.

Let X be a subset of C**! — {0} in N-subgeneral position; that is to
say, (i) #X > N + 1 and (ii) any N + 1 elements of X generate C™t1,
where IV is an integer satisfying N > n.

We denote by T(r, f) the characteristic function of f and by §(a, f) the
deficiency of @ € C™*! — {0} with respect to f.

H. Cartan([1],N = n) and E. I. Nochka([2],N > n) proved the following

Defect relation. Z d(a,fy<2N-n+1.

acx
We are interested in the holomorphic curves extremal in the defect re-

lation.
Theorem A([3], [4]). Suppose that
() N>n=2m (meN)and (ii) ) 6(a,f)=2N-n+1.

aeX
Then, there are at least [(2N — n + 1)/(n + 1)] + 1 vectors @ € X
satisfying d(a, f) = 1.

The purpose of this talk is to give a theorem when n = 2m — 1.

2. Let ¢ be an integer satisfying 2N —n + 1 < ¢ < oo and we put
Q ={1,2,---,¢}. Let {a; | j € Q} be a subset of X. For a non-empty
subset P of @}, we denote

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

O={PCQ|0<#P< N+1}.
Further we put A = lrpneig d(P)/#P. Then
I/(N-n+1) <A< (n+1)/(N+1) and

5" 6(as, /) < min(@N — nt 1, (n + 1)/3). ()

i=1



Theorem. Suppose that

() N>n=2m—-1land (N+1,m)=1 (m € N) and

(ii) there exist @j,---,a4 € X (2N —n+ 1 < ¢ < 00) satisfying
é(ajaf) >0 (.7': 11"'aQ) and

q
Za(a,,f )=2N —n+1.

Then, either (I) or (II) given below holds:

(I) There exist at least [(2N —n+1)/(n+1)]+1 integers j € Q satisfying
6(aj, f) = 1.

(I) q is divisible by N-m +1and Q = U)_, P,

where (a) p=g¢q/(N —m+1), (b) Py,---, P, are mutually disjoint and
(c)d(P)=m,#P,=N-m+1(v=1,---,p).

Proof. From (1) and (ii) we obtain the inequality
A< (rn+1)/(2N - n + 1), which is equal to m/(N — m + 1) by (i).

When A < m/(N —m+ 1), we have (I) and when A = m/(N — m+ 1),
we have (II).

Remark. We can prove a similar result to this theorem when ¢ = 0o
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b. Tangential limits and removable sets for weighted
Sobolev spaces

SREE  ERAKER - BEREH
KEBIL EBRKY - ROREE

p>1,-1<a<p-1IHLT,
dia(z) = J2a|®de (2 = (¢/,2.) €ER" =R xR)

EEHAETDHYRVITEMWIY(Qu.) € X5,

Q& R"NOMKAT, EXAETDOQAOBIAKEELTS. 0Lk, £
G EBWY(Qu,) TREFTETHD Lid, WP(Q\ E;ua) = WWP(Q; o) &
RHEERED. Thbb, £BOu € WP(Q\ Eju,) I LT, Q\FE L
BEAEEDHTu =u &12D uy € WhP(Q pa) BEETS. —iRIC, BBE
F[RESE B 1 quasiconvex THBEZ L BHMOLN TS, AMED BHIX, BEH
R = R™1 x {0} NiC b 5584 E 5 W(R™ u,) CTRETEETH 570+
NERGEEZDBLTHS.

M. 1<p<nta -1<a<p-1T, £EEE*R"IAOHHHAKLEL
5. OLE, KEFAETHS.

(1) ExWHP(R™; u,) CTREFTETH 3;

(2) FEDO R\ E L@ (p, o) RIEHEES v € WIP(R"\ E; o) 23 LT,
H™ - ae. (2/,0) € E THRMBKRY LD :

. ! _ : / .
oggo u(zt) = oggo (e, )

(3) EEDO R\ E £ (p,a)-RELEMRRS v € W'P(R" \ E; po) XX LT,
H*l-ae £ € E TRMERY IO :

lim ][ udyp, = lim ud Va > 0).
I'(¢,8)2z—¢ B(z,2n/2) H I'(€,a)38—¢ B(z,~zn/2) Ha ( )

S =@z KL TE= (2, —2,) L, E€ERY, 0 > 0ZHL T,

['(¢a) = {xERi:Im_£|%<azn} (l<p<n+a)
, {z €RY : |z — £|exp(—|z — & 7aT) < az,} (p=n+a)

&Y5.

E®. FECR"! 1 (p,a)porous THd L, H l-ae z€ EIZRMLT, K
DX '5f£7'i ZT,'(IC), T —-)0, kﬁ&cx >O7j§§?$—§—5tjc&%§5 .



A)1<p<nt+a-10LE FilZHLTB; C B*Yz,n) \ETR; =
diam(B;) > Cpr{™™V™e~P) 2 23 B, WEET 5.

(f)n+a-1<p<nt+ani®, FillHLTF Cc B*Yz,r;) \ ET
R; = diam(F;) > C,r{" 1V (re=p) y o 2 gtk F, 5 EEET 5.
(iii) p=n+aD&&, £iIHLTF, C B*(z,r;) \ E TR; = diam(F;) >
Corsexp(—Cor{™ VA7) & 72 5 Witk F, 85 FHET 5.
ZZIW, BN z,r) = B(z,r)NR", B(z,r) = {y € R*: [z —y| <r} £ T 5.

EFE 1<p<n+t+a, -l<a<p-1T, BEE* R INOHHHLES
45, k&, EX(pa)porous THDRHIE, Eix WWP(R™ u,) THRE
FETHS.

FE p>n+tanti, R EO (p o) REESFERES u € WIP(R"; u,) DB
¥&m R ~OflRulR* 1, (p—n—a)/p- RO Holder &R/ L 23D
TROZENEZXD :ECRYVI! BREFTETHH1-DOMLE+F45EMEIL, E N
NEERZRNZ L THD.
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WF & TEX BR
BEX B TEXK B

D% R (n>2) LOW®LILHERE b OHFRELE L,
(D) ={(X,y) e R"; X € D,—00 < y < +00}

(AT A N
747 VEE
(An+7)f=0 onD
f=0 ondD,

DR EOEAMHE, EFILL-EABEE ZhZh rp, fp(X) TET.
[o(D) DA F Y BERIZES OT,(D) U {+00, —00} Thh, &bl 7% Kl HT 2
¥ VF VH% K(P,Q) (P € T'w(D),Q € 8T, (D) U {+00, —o0}) THETH,

K (P, +00) = &Y™ fp(X), (P=(X,y) € Tn(D))

ThHrEIMLN TS,
I'.(D) O3 4%E4 E »* +oo T minimally thin T 5% & i3,

R e0)(P) # K (P, +00),
%% Pel, (D) BHEETHLER .
[o(D;0,400) = {P = (X,y) € R"; X € D,y > 0}
LY 5.
VYOI -HDORAN) VT - F =RV T - a LV EHOROERYHRET L.

EH 1. T,(D) DRV IVESESE E(C Th(D;0,+00)) 4% +00 T minimally thin T 5
L& EOVR—sfllEY |E| LThug

|E| < o0 (*)

ALY LD, B, E(C T'yh(D;0,+00)) 5 T'ph(D) ® Whitney cube 2*5 ® cube DFITH %
£ &, (%) 12 E # 400 T minimally thin TH2Z L D+43%&MH4TH 5.

CORBOMEHIE, #0502 HREHOAREBICBY BREOBROEN (1) 2H)
#BEIL, (3] 25,

F7: E %' 400 T minimally thin T% % Z L ORMELZ &4 (3] B8R ), RUEE 1 % Hwv
HEUTOER 2, €8 3 2185.

—11—



EH 2 (=N VT 2 BOER). KUVTHIESE E(C T,(D)) #*
|E| = o0

oy ERET A, v(P) & Th(D) LIEMEERAM LY, m 2 EOKTE LTo(P) >
mK(P,+00) ¥4 LT 5. DL &T, (D) 2ETARER v(P) > mK(P,+oo0) % i
yAde

EE 3 (Y a /Ly 4 BOER), o(P) % [,(D) &0 EEERENKT

v(P)

— 7
Pelrrf.(o) K (P, +00)

o TETA CDEX
|M,| < o0,

AYAR DS
M, = {P € T'(D);v(P) > K(P,+co}.
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7. Perturbation theory for nonlinear Dirichlet problems

Fumi-Yuki MAEDA (Hiroshima Institute of Technology)
Takayori ONO (Fukuyama University)

Let Q2 be a fixed domain in RY (N > 2) and as in [MO1] and [MO2] we consider
a quasi-linear elliptic differential equation

(Eapg) —div A(z, Vu(z)) + B(z, u(z)) =0

on Q. Here, A : QxRN - RN and B : xR — R satisfy the following conditions
for 1 < p < 0o and a weight w which is p-admissible in the sense of [HKM]:

(A1) z — A(z,§) is measurable on Q for every £ € RN and ¢ = A(z,§) is
continuous for a.e. T € Q ;

(A2) A(z,8)-€ > aqw(z)|€P for all ¢ € RN and a.e. z €  with a constant a; > 0;

(A3) |A(z,8)] < aqw(z)|€P~! for all ¢ € RN and ae. z € Q with a constant
az > 0;

(A4) (Az,&) — Az, &) - (&4 - £2) > 0 whenever &, & € RN, & # &, for ae.
T € €

(B.1) =~ B(z,t) is measurable on  for every ¢t € R and ¢t — B(z,t) is continuous
forae z€Q;

(B.2) For any open set D € 2, there is a constant a3(D) > 0 such that |B(z,t)| <
az(D)w(z)(|tfP~' +1) forallt € R and a.e. z € D;

(B.3) t+ B(z,t) is nondecreasing on R for a.e. z € Q.

A continuous solution of (E4 ) in an open set D C § is called (A, B)-harmonic
in D. We consider the following function spaces:

DP(Q; ) = {f € H2P (4 p) | IVf| € LP(2; ), f is bounded continuous},

loc

there exist ¢, € C§°(Q?) such that p, — f a.e. ,
o) — P(Q)-
Do (1) {f €D (%) {®n} is uniformly bounded, Vi, — V£ in LP(Q;u) [’

where  is a measure defined by du(z) = w(z)dz. We say that Q is (p, u)-hyperbolic
if 1 ¢ DE(Q; ). In this paper, we always assume that Q is (p, u)-hyperbolic

We consider the following function spaces:

_ 1 f/w is locally bounded in Q and
FolA) = {f €L(®) —div A(z, Vu) = f has a solution in DJ(Q; ) [’



Fi(A) = {f € Fo(A)|f >0} and Fy (A) ={feF(A)| f <0}.

For f € Fy(A), the solution of —div.A(z, Vu) = f in D§(;u) will be denoted
by U/,

In addition to (B.1), (B.2) and (B.3), we shall always assume that B satisfies the
following condition (B.4) and (B.5):
(B.4) There exist nonnegative numbers T}, T5, functions f; € ]-',;L (A) and fo €
F, (A) such that B~ (z,T1) < fi(z) and BT (z,-T) < —fo(z) a.e. in Q.

(B.5) / |B(z,t)|dx < oo for any t € R.
Q

Theorem 1. Let 6 € DP(Q; ). Then , there exists a unique (A, B)-harmonic
function w45 g) on Q such that uaBe) —0 € DE(Q; ). Further it satisfies

min(—Tg,i{?Qfe) + Ufz(m) < ua,8,0)(7) < max(Ty,supb) + Uh (z)
oN

on Q. Here, supyqg @ = inf{k| (6 — k)™ € D5(Q; 1) }and infsq 6 = sup{k I (6—k) €
Dy (% ) }.

Theorem 2.  Suppose Bp, n =1,2,... and B all satisfy (B.4) with the same
Ty, Tz, L € F(A), fo € Fy (A). Let 0 € DP(Q; ). Assume further that there
ezists a nonnegative measurable function b(z) on Q such that b(x)/w(x) is locally
bounded in Q and

B} (z, M) + B, (z,—My) < b(z) a.e. on

for all n, where M; = max (T, supyq 8) + supy U and My = max (T, — infaq 6) —
infU/2. If

/ sup |Bn(:1;,t)—B(a:,t)|d:c—>0 (n—>o0) ,
Q ~M<t<M,;

then uaB_9) = u(4,8,6) as n — oo locally uniformly on Q.
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8. HREFEDIAMRT

hH =8 4LATK e

BY —~ vl ROVNAVTF R NERSDEMEA (R) DBRE card Ay (R)
% ROFAFIRIT LW (Heins [4]) S€5 dim RTERT (BB, dim R :=
card Ai(R)) &, #iZ1<dim R <N (EfHERE) THDHDT, dim
EBRY —~ CEDEORECHXA (1, R] (Blb, 1<E<NERD
BECHOLRE) ~DE{RLEZOND. oA —~EDH DK
FOEBdim OfEi % dim F &< (B1H, dim F:={dim R: R€
FY}) . BEEERROPME—OThHIEME B, KO\ ASDE) R
%* Heins @& EDLEFELHERT LE, dim HERERLELED
D Heins DEIETH Y REF [ TORKREDRERIX

(1) dim H D> NU {Rg, N}

THD (BRI [4],[5],(3],[2],[9],[7) BFORKERDEFE ; H—HIFERIZ D
WTH[S]BH) , BL, NIEBSOSET, Nk THERBE &
T5.

BHFRFECOERKER R, ¥ LIIX=Hix (R C,1), DEE%RC
<. ZITERMRIFNEDNKROEEEZFO>EL TS (Ahlfors-
Sario [1])) : Fa € CIZHL, FLaFFEO0 < 7 < co DBEY2AR
Vi=Aa,r) T, 77HV) DERGPHEMTRE 2 b0nRENS. &
DEFE R € COEHo(R) BEE Y, BEE € NU{Ro} D COEHEE
HDOEEZC :={ReC:0(R)=¢€FERRTE. C = (UpenCp) U Cy,y -
SENIZEFED Heins BREZ#/T 5 1 dim(HNC) 2REE L. Zh
WZBLTIE, pe ND& %, Heins [4) BHIZ L BHER

(2) dim(HNCp) C [1,p]
K XMasaoka-Segawa [6] (IZfREF & 5 LOFER (2) DRBEHL
(3) dim(HNGp) = [1,p]



IZRH D —EDELWIFEYRHSH. Lo LFEARMKTIZOWTIL, AR
EFEIEC, (p € N) DFE BN TERELEIK Cy, DA I RE#E
L HEVREOEMIZ RNE DB, ZZTizkn(2)
& (3), BT, (3) IR L-BAMeBER & LT, £ORXAER 8
#) Bib, 3)Dpe NFHIIRICEEHEZ )

(?) dim(H N Cyy) = [1, Ro]

IELWOHE»ZBEICT 5. BB THY, KROBEREE-OT
®ETH

TEE: BEHNC [EEHN,ZHA-RAORTREHFD C DERK
B Heins @M% &%, BIZRD (1) OFELMNEYID :

(4) dim(H N Cy,) D N U {R,, R},

|G (1) FER (4) T, AEBERITERKRROBRMLEFIRET 5 55
TEEHZ LN, REMREES HE DT Heins DREEIITE 2R %
RA0, RELRWEHIEREKBRTH Y, (1) LV @) DFBEENE
DEWVSE LB VO TIIARWNED#EN, HORDYVIZHNCERE
ZBEED—DOTHB.
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9. Holder continuity of Dirichlet solution for a general
domain

FUISABE  BIRKF

Let 0 < a < 1. For an arbitrary set £ C R", n > 2, we consider the
family A, (E) of all bounded a-Hoélder continuous functions on E. The norm
of f € A4(E) is given by

If(z) = f(¥)I
=sup|f(z)|+ sup ———".
I llace) = suplf(@)l+ sup = — e
z#y
|z—y|<1

Let D be a bounded domain. By (D) we denote the family of all harmonic
functions on D. For a function f on 8D we denote by Hpf the Dirichlet
(PWB-) solution of f over D, provided the solution exists. It is well known
that if D is regular, then Hp maps C(8D) to (D) N C(D). It may be
natural to think that the better continuity of a boundary function f ensures
the better continuity of Hpf. In this paper we investigate conditions for Hp
to map Ay (8D) to S (D)NAy(D) with the same Holder exponent . In other
words, we study the conditions for ||Hp|la < 0o, where

IHp fllA.(D)

fera@D)  Ifllaaep)
1 fllaq (6D)#0

|1Hplla =

Hinkkanen [1] and Sugawa [2] considered similar problems mainly for planar
domains in somewhat different context.

We observe that the Lipschitz continuity cannot be preserved by Hp. Sug-
awa [2, Example 6.1] observed this for a unit disc D = B(0,1) C R?* If
(&) = f(&1,&2) is the Lipschitz continuous function |£2] on D, then

1—z2 14z
Hpf(x1,0) = m:ll log .

1—:1,'1

and the Lipschitz continuity of Hpf breaks down near (+1,0). A similar
example applies to the higher dimensional case. More strongly, however, we

can show the following assertion.

Theorem 1. There is no bounded domain for which ||Hpl|; < oco.



We write w(-, E, U) for the harmonic measure over an open set U of E C dU.
Define a boundary function p, q for a € 9D by @, o(€) = min{|¢ — a|*,1} for
& € 0D. Then we have the following.

Theorem 2. Let 0 < a < 1 and let D be a bounded regular domain. Consider
the following conditions:

() 1Hplla < oo.

(i) For every a € 0D, Hpypgo(z) < M|z — al®.
(iii) For everya € 8D andr >0

a
w(z, DN S(a,r),DN Ba,r)) SM(M) for x € DN B(a,r).
(iv) For everya € D andr >0
w(z,0D \ B(a,r), D) SM(Ix:al) for x € D.

Then we have
(i) <= (ii)) = (iii)) < (iv).
If (iii) holds with some o > a, then (i) holds.

Corollary 1. Let D be a bounded regular domain. Then ||Hp|lo < oo for
some a > 0 if and only if 0D satisfies the capacity density condition, which

s equivalent to the uniform perfectness of 8D if n = 2.
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1 R7UHhLOFER
R" D& B LOYRLIBB ue WHP(B) IZf LT, RER

][ |u — upglPdz < C(n,p)(diam B)pf |Vu|Pdz (1.1)
B B

i, @E, RPUVHLOFREX LIRS, 2212, 1<p<oo T

.
ug = 4 udr = — [ udzx
B ]1[9 |B| Jg

AT TEHERT, £, FEX

(n—p)/np 1/p
(f lu — uBI"”/(""’)dx> < C(n, p)(diam B) (][ IVulpdx)
B B

(1.2)
i, YVRLI-RP7UHLOFFERX LTINS, 2212, 1<p<n T
H5,

EE 1.1 (YVRLIDE®E) p>1, ue WH(RP) ¢T3 L,
(1) 1/¢g>1/p—1/n>072bi, uve L] (R
(2) 1/g=1/p—-1/n>0 726, ue LIYR")
B) p>n b, wiIEEDK B L~V F—EFET
1/p
ule) - ) < Clo -1 ([ |vupay) © (va e B
B
(1.3)

p=nDLE, FE1ID (1) L 3) OHZEDLLIRFERLADL
hTWna, $2bb,

/B IVl (| Vau|)dz < oo (1.4)

BT LI (VRLI-A—Y v VEH) wilonT, ¢ OEKE
WZIECT(), (2) £ 3) DEZA TOHENKY IO EBREN
% (cf. [12]).



2 EMZTEMLEoVARL IEHK

(X,d) %EMZERME L, ZOLORVARIE p #E2 5%, BIE pit
ROZMEE-THLDETE RLLERL A LFNIZEENAEK BIZ

XL T,
MB) | - (dia.m B)Q 21
u(A) ~ diam A ’

MY LD, T, Q & CREDEETHD, &<IZ, piX doubling
Thb:

#(B) < u(2B) < Cu(B) (2.2)

ZZiZ, B=B(z,1), 2B=B(z,2r), CIZEDEKTH 3,
X EORVIVEEOM (u,g) B p- R7 oA LFERX 2T LT, £
B Bizxt LT,

1/p
][ |u — ug|dp < C(diam B) <][ g”du) (2.3)
B oB

MY LD, ZZIZ, gidFA, 0>1, CREDEKTp>0Th3,
(2.3) L RITFETH 3,

1/p

inf][ |lu — c|du < C(diam B) <][ g”du) : (2.4)
¢ JB oB

F21(1)0<p<lDl, (23) 2RI RV 7BEENEE
5,
(2) FAFIBEEITT RTDO p> 02X LT (2.3) 22T 5,

B 2.1 (cf [4) 1<p<@Q &T%, (u,g9) B pAXRT I LAREX
PR3 20iE, 0<q<pQ/(Q —p) iZxfL T,

1/q 1/p
(7[ lu — u3|qdu> < C(diam B) (][ g”d,u) (2.5)
B 50B

F2.2(1) BE 21128V T, & HIZ “truncation property” Z{RET
L, ¢=pQ/(Q—-p) £THZLHLTED,

3



(2) EE 21 IZBWT, KTHESAALIHK A LEEZH»Z2T, R

ZX
1/q 1/p
(f |u — uA|qdp> < C(diam A) (][ g”d,u) (2.6)
A A
E/AOTZENFETHD, ZIZT, HTWIRD, AIIERNRENVA

EELWVWHIZEHLTED, EBIZIK, koL H>EELRS OK. Th 3,

T 21 A>1,, M>1, a>1¢95, AREBE AN K By I
BLT) (\, M,o)-BEFHEHE-TLE, £FED zc Ax LT, B
D3| {By, By, Bs,...} TROZHKEZFHZTHLONEET S ¢

() ABiCA  (¥i>0)

(ii) z € B; (i: +45K)

(iii) M~ta~*diam A < diam B; < Ma™‘diam A (Vi > 0)

(iv) 3B, : % s.t. B C BN Biyy > B;UBiss C MB, (Vi >0)

(2.6) DIERITIL, KOBEEFAT 5,

#wE21 o>0T

p{z € X : |u(z)| > t}) < Cot™@ (2.7)
26iE, 0<g<alZxLT
1/a
full < 24 (20 ) 7 u(te-oes (2.8)

p>Q DEEITIZ, ROBEERBIMOENTND,
FH 2.2 (Trudinger DFEFERX) X TEETQR>1L7T5, B

Bl (u,g) B Q-RT7 U AVAERERMI T 201, EC, C; TRD
EHEEETLONEET S  FEDK BITXLT

Q/(Q-1)
Cl#(B)l/Qlu—uB|>
ex - du < C: 2.9
J{B p( (diam B)][[g]lo =" (29)

4



EH 23 p>Q :T5, (u,9) BpRT U HLVAREREFT42O
i, wiI~NF—EHFETHD EEBDz, ye B, BC B izxfL T

1/p
ute) - ulo)| < Orfe — o9 ({ o) 2.10)
5030
T, |z -yl =d(z,y), roid By D¥ETH S,

THE 2.1, 2.2, 2.3 122\ Tt Hajlasz-Koskela [4] BB L TEK LV,

22 p=QntE, EE22 LER23DOHMEFHEDI/RLTI
na (cf. [13)).

3 WLWAWALKEYRL T7ZEM
uw e CHRM) IZR LT, FER

IM@—uﬂscmx/JZﬂﬂL

d 1
ArErE &1

MY LD, T2, B=B(z,r), BKEKEAVS L

lu(z) — ug| < C(n)rM|Vu|(z) (3.2)

L7=23o T,
lu(z) — u(y)| < C(n)|z — y|{M|Vul(z) + M|Vul(y)} (3.3)

DA/ BVASN

BIEBEREZER (X, d;p) 2BV T, % u 2 Hajlasz O VR L 7B
Lit, ROEMEHmRETD ge LA(X) BFEETD £8P z, ye X
WXL T

lu(z) — w(y)| < |z~ yl{9(z) + 9(v)} (3.4)
Tz, |z-yl=d(z,y) THB, ZDLDREK u OLEE MP(X)
EERL, TED/NVLE

lullvp = llullp + inf flgll, (3.5)

5



TEDD,
FH 3.1 1<p<oo TBMNR'DEKDL X,

MY (B) = W'P(B) (3.6)

By OO LERTALDERDEIICEZAIELTES (¢ &
Yy ERESRIVEROBBR v IZHh->T

lu(z) — u(y)] < / ods (3.7)
Y
FDINLE (35) DESCERSID,
4 Y—XARFoI v
2—7 Yy FER R IZBWT, Y=—ARTFUI¥ILIT
(4.1)

Log@) = car | | =3l "g(u)dy
CEHEND, TO—RLE LT, MEEMER (X,d ) BV,

_ [ 9@z -y
Lg(e) = [ EHEY s duty) (42

EED LD,
X 7% geodesic &1, FED2R 7, ye X ML T, KOMHEED

SR v:[0,1] - X BHFEETS .
(i) 7(0) ==z, v(1) =y
)

(i) £(7) = [z — 9l

I, ) iy DREERT,
EE 4.1 (cf. [5]) X » geodesic &35, BM (u,g9) ¥ 1-R7

HVAREXEFH-T 6L, £EDE B=B(z,r) IZX LT

lu(z) —up| = Chg(z) (4.3)
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5 HRBEHY

R" DK G LOEFEEH Lebesgue DEKTHBETH S L1, £
BOEE DeG iz LT

max ¥ = maxu DD min v = minu (5.1)
DUAD 8D DUSD oD

MEMT B E & &S (cf. [7]).
HRBKICAT B EAMAMEIIRDORERTH B,

FE 5.1 (cf [15]) 1<p<oo, p>n—-1»2uit G LEHALT
5o TOLEX, EFED z, £ €e BiZxLT

1/p

u(e) - u(')| < Cr (]éB IVu(y)l”dy) (5.2)
Z 2, B=B(zyr), 2B=B(zy,2r) CG TH 3,

H R DB

(1) fIZXR [0,00) LOBEFRLEREETE€IG LT 5 &,
u(z) = f(lz — &) 1T G EERATH 3,

(2) G LORABEKIIERATH B,

(3) G L0 pBRBEMIIEFATH 5,

(4) G LOBEATROERDIIERTH B,
E5.1()p<n—10L%, (52) 2 SRVEABKAEET 5.

(2) FFAIBBE w ZTTXTO p>0Zx LT, (5.2) W=7,
(3) DCR" LOFRBREATHR f 1T

/ |V f|'dz < 0o
D



TE52 p>n—-112ueWhP(G)iXG LEFL T2, “nL X,
I EA LWL L ZAMBFRETH D  1IFLEAETRTD 20 € G
WXL T

o Ju(e) = Pla)
T—Zo IJI—.’L'()I

E72%—RAX P(z) = ag - (z — z0) + u(xy) DEET B,

=0 (5.3)

6 s-John %

(X,d) IXHEBEZER L L, ZOLEDORVARIE pit, £EDOEK B ioxt
LT,

u(B) ~ (diam B)? (6.1)
-9,

X OfEE D 2 s-John TH 3 &%, (John i) z*e D & (John
ER) c; >0 DBHFEL, £ED ze€ D IROMEE LBy 2L -
Tz* LIRS .

pp(z) = cjb(v(z, 2))° (Vz €7) (6.2)

T, pp(2) 1 2z ORERETOERE, ~(z,2) iz 225 2 TTOE
53, £y ( 2)) FEDREERT,

M (62)I2&>T, FED A> 1T LT, BRDF| B(z), B(z1), ...,
B(zy) THOEOHEE L2 HLONREND :

(i) z =20, zj €y(z,z*) (1<j<N) »Dz* € B(zy)

(ii

(iii

>
—

B(z) N B(z)) #0 > li—j| <1

)

)

) Yo xap)(w) < C

(iv) pp(2) + |z ~ w| < Cpp(w)"/* (Vw € ULy AB(z) C D)
BB EEREZSR (X, d; p) ORI D LR u ITXL T,

[u(z) - u(z)| < Cr (][ Bg(y)*’dp(y)) " (63)
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(Vz,z2' € B= B(zo,7);0BC D) L 258¥% ge LE(D) L E# C >0,
c2 1 BFEETSHROIE, uwid D LERTHD LW,

FE 6.1 B ulIAR s-John fHIK D LERAL TS, ZDLx,
(1) a=sp(@-1)—Q(p—1) >0 25T,

lim pp(z)*/Pu(z) = 0 (6.4)
(2) =0 722611,
(1-p)/p
zl_ing (log pD(x)) u(z) =0 (6.5)

S oIz, HFBEEICXT S Fatou B#BFEEZRTI L TE S,

ZEXH
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10. Some Identities and Approximate Expressions
derived through the Riemann's zeta Function

Katsuyuki Nishimoto Descartes Press Co.

Abstract

In this article, some identities and approximate expressions derived through the
Riemann's zeta function are reported. Some of them are shown as follows, for

example.
o1 d 1 | (l<<r(EZ+)<°0,)
((“2’)_)( (2n+1)‘) 2. Rez>1 '

o0 o ) 0
(2( ) [n_0(2n+1) ) nzl (2n)z (Rez >1) .
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Negat.ive Power Series Solutions for a Class of
Linear Ordinary Differential Equations

using N-Fractional Method
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Katsuyuki Nishimoto  Descartes Press Co.

Abstract

In this paper, series solutions in negative powers for a class of linear second
order ordinary differential equations

D, (x* +Ax) + ®,*(Bx+C)+D-E=0
(cbk-d"cb/awk (k=0,1,2), @, =P =D(x)
\ A,B,C,E ;constants . )

are obtained by N- fractional calculus operator.
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On a compact Riemann surface R of genus g > 2, it is well known
that the number of conformal automorphisms on R is not greater than
84(g — 1) (Hurwitz cf. [2]). In particular, the order of a conformal
automorphism on R is not greater than 84(g—1). Since the hyperbolic
area of R is 4w(g — 1), the injectivity radius at any point in R is not
greater than some constant depending on g. This means that the order
of a conformal automorphism on R is estimated by the supremum of
the injectivity radius at each point in R. We extend this result to
the case of Riemann surfaces of infinite type. That is, for a Riemann
surface R of infinite type such that the injectivity radius at any point
in R is less than a positive constant M, if a conformal automorphism

f on R fixes a compact subset in R, then the order of f is estimated
by M.

Theorem 1 Let R be a Riemann surface with the non-abelian funda-
mental group. Suppose that there ezists a positive constant M such
that the injectivity radius at any point in R is less than M. Let c be a
simple closed geodesic on R with length less than M. Then there exists
a constant N € N depending only on M such that, for a conformal
automorphism f on R that satisfies f(c) = ¢, the order of f 1is less
than N.

In the case that f fixes either a puncture of R or a point in R, the
similar result are obtained.



Theorem 2 Let R be a Riemann surface with the non-abelian funda-
mental group. Suppose that R has at least one puncture p, and that
there exists a positive constant M such that the injectivity radius at
any point in R is less than M. Then there exists a constant N € N
depending only on M such that, for a conformal automorphism f on
R that satisfies f(p) = p, the order of f is less than N.

Theorem 3 Let R be a Riemann surface with the non-abelian funda-
mental group. Suppose that there exists a positive constant M such
that the injectivity radius at any point in R is less than M. Then
there exists a constant N € N depending only on M such that, for a
conformal automorphism f on R that satisfies f(p) = p for a point p
i R, the order of f is less than N.

The proofs of these theorems are based on the Jargensen inequality
and its application to the collar, cusp and cone lemmas (cf. [1], [3],

[4]).
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gH #_ HRILHEKRF - BFER

ZOoDWRLEEERD Julia ®AIE—KT S I LA, Fatou 2], Julia [3]
[ZE->TREINTWEH, Baker [1]IZTM7ZEBERRD Julia 412200
TLRIBRDBHPE D LONE VI REZREL T, XRDFEREFTWS.

W (1)) . f288BEE, g=cf"+d(n>1,¢,d€eC,c#0), fog=
gof £¥BrE, J(f)=J(9) TH2.

CORRIZE B, f ETMRLABRERESNKE C(f) T‘i‘?‘b &,
C(fyc{efr+d:n>0, c,deC, c#0} Z56iE, [ (ZBAL T Baker D]
BUIHEMICR DD LN 5.

HEEIID) T, RELXZTOEEBEHEBIZIERICL Z0TBEBHTTETH S Z
ExmL7:. B Ng [4]4, C(f) Z2WTERBRDILD72HD, fD (4
BATHEEZ ET) RFERD/:. NgDFEL B DEREZAELZLIIZED
ROERZR”:.

EH1. f 2EBEEE, m ZEERETS. fu(z) = f(z) +az™ (a€C)
EBLLE, GRTEMD a € C 2BWT C(f,) C {cfu"+d:n >0, c,d €
C, c# 0} BN L.

EH2. f rBBBERETS. fu(z)=(2—-a)f(z) (e €C) LBLE,
ERTEMED o € C 2BWT C(fa) = {fu" : n > 0} B I,

EH3. o # C\ {0} LOERIEE, 0, co 2EMBEN, m#0 2BRET
3. pa(w) = p(w) +aw™, fo(z) = pale®) (e € C) L BLE, BRHEMHE
D a€C EBRWT C(fa) = {fa" : 1 > 0} HER DI,
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Y —< R C LOFEFEFRER CERINEEROEGHEHEL T 5F
BAAHEERL IR (HM]). G 2FBEMLET D, COar I MR K
EoOBERBEESEENSHKE B(K) &, —R/NVATC LOAFynZE
MERS, bL MEBDgeGIROVWT g (K)C K | 2bid&itgeC
IZoWT B(K) LOBEHRAASE A(g) 2

1
WO = gy 5 ot
cEESh (ECESELADS) . g A(g) X G 25 B(K) EOdg#
BAERRO 2T ER~OERERE TH S5, ZOERBO/RE AG) L2><,
B(K) Lougait e R R 2Kz & RIBROAHE (strong operator topology)
EANTELO% L(B(K)) &<, ¥k, —ICC LOoFABERER h T L,
E(h) = {z € C | §(Unenh™"(2)) < 0o} 8L, (ThiXdeg(h) >272bF%
2RLHZV,) FemeNRALE, ={1,2,..., m}Y &BL,

EBH 1. EDOHLET (K >3 L L, GRARBAOKRK 2L EDOTTA,, ... by
TERINTWS L&, ROFHIEWICREIE

1. HBO:eK L EEDj=1,... miZHL, E(hj)NnK =0.
2. A(G) D L(B(K)) TOBAE A(G) Bav 7 b ThH, (ZDLE AG)
Xz 37 MIBERIZ2S,)

SHERDze, ML, 5 L, € L(B(K)) BFELT L(B(K)) T
A(hg, 0---0hg) > Lg

L2 DOIDL XK EDBHBRVARERRIEE y, ZAVT L (p)(2) =
po(p) (BBIX K EOFERBY) LRENS, 7KL, 2= (21,22,...).

e EOWTRHPRRY IO L &, 3IZOVWTAG) UU,ex, (L} 28 A(G)
D L(B(K)) COMRIZHELYY,



3K 1. e m=10D,XX[L].

oz u, IRERMEOCZH OB L THEE, ¥, xC LOEAE
8 f(z,y) = (0(2), he, (v) (EEL 0(z1,33,...) = (22,23,...)) &%
2o Tm ANZABE T BHHLE, p(r) =[5 podr(z) LB L
AT, x C EORERERLD, u(r) X f O r iZBELTOM
P —REERRICERED LS RE—ORERETH D ([S1],[S2).

EE1D12oheRTE X,

MERD p € B(K) 2 LT {A(9)(p) | g € G} X K ERI%E#]

BRTZ LML 2B, THITH, [B), [S1] KB HEERBSREHO
S,
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For a compact Riemann surface R of genus greater than one, it is well known that
the Teichmiiller modular group (or mapping class group) Mod(R) acts on the finite
dimensional Teichmiiller space T'(R) isometrically and properly discontinuously.
In more details, although Mod(R) has fixed points on T(R), the isotropy group
Stab(p) at any p € R is a finite group. Hence an orbifold structure on the moduli
space M(R) is induced from T'(R) as the quotient space by Mod(R). However, this
is not always true for non-compact Riemann surfaces such as R of infinite genus
or of the infinite number of punctures, for which the Teichmiiller space T'(R) is
infinite dimensional. In this case, the orbit of a point in T(R) under Mod(R) may
be non-discrete and the isotropy group Stab(p) may be infinite.

We formulate a condition for the discreteness of the orbit allowing isotropy groups
to be infinite, for the latter situation is natural and occurs in many cases, for
instance, in cases where R are infinite normal covers of compact Riemann surfaces.
Weakening proper discontinuity, we make a new criterion for the action of Mod(R)
to be discontinuous, which should be suitable for infinite dimensional cases:

Definition 1. We say that the Teichmiiller modular group Mod(R) acts on T(R)
weakly discontinuously if, for any point p € T(R), there exists an open ball U
centered at p such that U is equivariant under the isotropy group Stab(p), meaning
that ¢(U) = U for any ¢ € Stab(p) and o(U)NU = § for any ¢ € Mod(R) —
Stab(p).

We consider moduli spaces of non-compact Riemann surfaces. No matter how the
action of Mod(R) is far from proper discontinuity, the moduli space is a topological
space by the quotient topology induced by the projection

m:T(R) - M(R) = T(R)/ Mod(R).

Moreover a pseudo-metric dps on M(R) is always defined as

dm(m(p),7(q)) = inf{dr(9(p),q) | ¢ € Mod(R)}.



We investigate necessary and sufficient conditions on the action of Mod(R) under
which the moduli space M(R) becomes a complete metric space with the metric
dpy, like moduli spaces of compact Riemann surfaces do. However, if we deal
with non-compact Riemann surfaces in general, we may encounter a situation that
a neighborhood of p € T(R) splits into two directions according to whether the
action of Mod(R) is discontinuous or not, and hence djs becomes a metric even
if Mod(R) acts properly discontinuously nowhere on T(R). In order to avoid that
and make our situation simpler, we need to impose a certain geometric assumption
on the base Riemann surface R.

Definition 2. A hyperbolic Riemann surfaces R is of bounded geometry if the
injectivity radius at any point of R is uniformly bounded away from zero except in
cusp neighborhoods and if there exists a subdomain R* of R such that the injectivity
radius at any point of R* is uniformly bounded from above and that the homotopy
classes of simple closed curves in R* carry the fundamental group of R.

We are ready to state our result in the following way:

Theorem 1. Let T(R) be the Teichmiiller space of a Riemann surface R of bounded
geometry, Mod(R) the Teichmiiller modular group and M(R) = T(R)/ Mod(R) the
moduli space. Then the following conditions are equivalent:

(1) Mod(R) acts on T(R) weakly discontinuously;

(2) the orbit of any point p € T(R) under Mod(R) is a discrete set in T(R);

(3) the pseudo-metric dps on M(R) is a metric;

(4) M(R) satisfies the first (Fréchet) separation ariom.

However, as we can see in the next theorem, the difference between the two
discontinuities appears in a very restricted case.

Theorem 2. If Mod(R) acts on T(R) weakly discontinuously but not properly
discontinuously, then in an isotropy group Stab(p), there exists a finitely generated
infinite group T whose proper subgroups are all finite.

The existence of such a group T as in Theorem 2 is known as a counterexample
to the Burnside problem and it is called Tarski monster.
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Definition. For a domain D of C, the connectivity conn(D) is defined to
be the number of connected components of C \ D, which may be oo.

We investigate the connectivity of Fatou components of the Fatou set of a
transcendental entire function f. It is known that if the Fatou component
D is multiply-connected, then it must be a wandering domain. First we
show the following:

Theorem A. For a wandering domain D of a transcendental entire func-
tion f, the connectivity conn(f™(D)) is constant for large n and it is either
1, 2 or oo.

So we define the eventual connectivity of the Fatou component D as follows:

Definition. We define the eventual connectivity to be conn(f"(D)) for
sufficiently large n.

The first example of a multiply-connected wandering domain was con-
structed by Baker [B1]. Also there is an example of wandering domain
with infinite connectivity [B2]. So far there seems to be no examples of
wandering domain with finite connectivity and we construct such an ex-
ample.

Theorem B. There ezists a transcendental entire function f with a wan-
dering domain D such that f™(D) are doubly connected for alln > 0, i.e.
the eventual connectivity is 2.

Also we have some result on the injectivity radius of a multiply-connected
wandering domain.

Definition. Let f be a transcendental entire function and Fy its Fatou
set. For a point z € Fy, let inj(z) be the injectivity radius of Fy (with
respect to the Poincaré metric), i.e., inj(z) is the supremum of » > 0 such
that the Poincaré disk of radius r centered at z is embedded in F}.



Theorem C. If D is a multiply connected wandering domain of a tran-
scendental entire function f, then inj(f"(z)) = 0 (n — o0) for z € D.
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17. Two theorems on degenerate groups with

bounded geometry

EHFHR (KRR FEFEFRD

G ZFAENEE (closed orbifold) DEAEE 7w, & [RIBY 288 ] 22 A MR B¥
L33, GUEREM (bounded geometry) EHD LI, G DAEHNE
FROTOEBENEM (trandation length) MG IZOMMKET HIERTTF
MO Z 5NN D, G ORBEEEBNZE TRV, TOMRES
Ac I3BHRZEE (dendrite) THBZENHSNT NS, > T. Ag DE
BOZHIIE——FKOBRIMl TRHRRAZENTES, £k, TOBEESDN
DARNTRITIE2THBIEDBHONTNWT, EHEOESELTIIIE
BIZERRZ OO THD ZENEBRTED,

BHRZEHRES K OWAEIX K B0 &%2 EMAHET) RRIZEDl
EEERVEHINS, Ag NS FDOMEDERERVWESE A £EL.
W.Abikoff & Y Minsky (&, Ag i213 G O#JE (ending lamination) (IE
BIZIZRUChORWIKERD G OESBOKE) %812 DB
ENSEESEMNPAD R-EOBEZRF DI EERL.

FI 1. G ZHAHLEE (closed orbifold) DE:AEE & FIR & (AT F A ELR
BT, ARRAE2H52 L TEOAREGREEIIZETRWET S, TDEE
) QN AVAC I

(1) R4 Ag OEBROZ SIS (quasi-arc) TR ENTE 3,
(2) AHAMITE g € G DEIE MBI TRR ENTE S,

E5IC, FRFRERBOAENICRRLIBMZTLI LD DN,

HZBEMARIERT S ERBR Ty 7 ABEL. GZLEOLDR
BAIPHNERELT S, JITGEOTREBRBEBRIIZETHRY, p: H -G
EAEET S, DL E, Y. Minsky i& Cannon-Thurston B &IFITH
5F:8' - Ag T. Foh=p(h)oF il HEERNH DL &5
L%, ZOBEGERICEL TRMRKILT 5,

¥ 2. Cannon-Thurston B F : S — AglIRDOX S @GR D:

de(F(z,F(y)) < A log[z,9)| "%, [z,y] <6



ZIZT [oy, z,ye SPBz Ly 2BEAMOES, d \SIREMERET
BB

COEBORELTKRERS :

}. ECAGITHUTKRMKILTS : E'Cc S*% F(E') = E ##/=5%
DETH, TDOLE,

(1) Hdim(E) > 0 TauT. 5 BIZDOWT |logt| 8 24— HEIC
HDE ONUZXRIVTRERIETH S,

(2) |loglogt|™ &5 —VBKICRD E' DNV ARV TRIBEEZ 0 THN
i3, Hdim(E) = 0 TH 5.
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Structurally finite entire functions are constructed from finitely many
quadratic blocks and exponential blocks by (Klein and) Maskit surgeries
connecting two functions. For the precise definition, see [2]. For examples,
polynomials of degree d are constructed from d quadratic blocks so they are

structurally finite.
We shall study:

Question. We suppose that a structurally finite entire function has a cycle
whose multiplier is A = e?@ o € R\ Q (then this cycle is said to be irra-
tionally indifferent). If it is a Siegel cycle, then does o satisfies the Brjuno
condition?

Brjuno condition is defined by

Z log gn 41 < 00,

oo In

where {¢,} is the sequence of denominators of the approximating rational
numbers defined by continued fraction expansion of @. An irrationally indif-
ferent cycle of an entire function f of period p with multiplier €™ is Siegel
if on a neighborhood of a point of it, f°? is conformally conjugate to the
2ma-rotation around the origin on a disk.

The converse of Question is true from the Brjuno Theorem. Yoccoz proved
in [3] that if a quadratic polynomial has a Siegel fized point whose multiplier
is A, then « satisfies the Brjuno condition. Pérez-Marco proved it for struc-
turally stable polynomials with Siegel fized points. In [1], we have proved it
for a class of n-subhyperbolic polynomials with Siegel cycles. As a corollary,
we have that Question is true for Siegel cycles of quadratic polynomials.



Definition (Omega limit set and recurrence). Let f be an entire func-
tion. For ¢ € C, the omega limit set w(c) is the set of z € C such that
lim;_,00 f™(c) = z for some {n;} C N.

c is recurrent if w(c) 3 c.

Definition (corresponding). Let C be an irrationally indifferent cycle of
an entire function f. Let I' C C be the union of the boundaries of Siegel
disks of C if it is Siegel, and otherwise be C itself.

A point ¢ € C corresponds to C if w(c) D C. A trancendental singularity
A of f=1 corresponds to C if the asymptotic value under A satisfies w(a) O C.

Definition (n-subhyperbolicity). For a non-negative integer n, a struc-
turally finite entire function f is n-subhyperbolic if

(i) there exist exactly n recurrent critical points of f or transcendental
singularities of f~! corresponding to irrationally indifferent cycles,

(ii) every critical point in J(f) other than such ones as (i) and asymptotic
values in J(f) over which there is no such transcendental singularities
of f~! as (i) is eventually periodic, and

(iii) no orbits of singular values in F(f) accumulate to J(f).
An n-subhyperbolic f is n-hyperbolic if it has no such ones as (ii).

Theorem. If a1-hyperbolic structurally finite entire function of type (p,q) #
(0,1) has a Siegel fized point whose multiplier is X\ = €?™*, then o satisfies
the Brjuno condition.
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Let Dy,---,D, be nonsingular hypersurfaces of degree d in P,(C) intersecting
normally and f: C™ — P,(C) a dominant meromorphic mappings. Then the following
defect relation for f is due to Griffiths’s school:

n+1

Z5f(D) <—

Griffiths ([1, p. 379)) also conjectured that the above defect relation holds for meromorphic
mappings f : C™ — P,(C) with an appropriate nondegeneracy condition. Furthermore,
there has been a well-known conjecture that the following estimate

C
< =
6¢(D) < p

holds under a generic condition for D, where C is a positive constant independent
of f and D (cf. Siu [2, p. 289]). So far, we know only few examples of meromorphic
mappings with a deficient hypersurface of high degree whose deficiency is less than one.
We construct meromorphic mappings with deficiency for each irreducible hypersurface in
complex projective spaces, that is, we have the following result concerning a conjecture
due to Griffiths:

Theorem 1. Let D be an arbitrary trreducible hypersurface of degree d in
P,.(C).Then there exists a meromorphic mapping f : C™ — P,(C) with the Zariski

dense image such that
(D
8;(D) = "((T) <1,
where A(D) is a positive constant depending only D. Furthermore, if m > n, then
there exists a dominant meromorphic mapping with the above property.

The method used in our construction is based on the theory of entire functions of one
complex variable, especially, on some properties of entire functions of order zero due to
Valiron [3]. We note that, for a singular divisor D, there exist examples of f for which
such estimates as the above type do not hold. We now consider the case n = 2. Denote



by ¢ = ({o,¢1,¢2) a homogeneous coordinate system in P2(C). We define an irreducible
curve Cy by
G - =0 (d23)

Note that Cy also has just one singular point Pg(1,0,0). Then we have the following:

Theorem 2. Let a be a positive real number less than one. Suppose that a+1/d < 1.
Then there erxists a meromorphic mappings f : C™ — P,(C) with the Zariski dense
tmage such that 6;(Cy) = a.

Corollary. There exists a meromorphic mapping f : C™ — Py(C) with the Zarisk:
dense tmage such that 6;(Cy) = (d — 2)/d.

We now investigate how affects the resolution of singularities of divisors to deficiencies.
If 7 : Py(C) — Py(C) is a monoidal transformation with center Pg, then this gives
a resolution of singularity of C. Let C is the proper transform of C. We define
holomorphic curve f : C — P,(C) by f = m*f. Then we have an estimate of the
Griffiths type for & (C) as follows.

Theorem 3. Let a be a positive real number such that a+1/d <1 andlet f be
as in Theorem 2. Let C be as above. Then

% % < 6;C) < E ,2%,_
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A. Buium ([94], [98]) 1&, 1 T/ F 48 (abc-Conjecture) DFL%E 7 — NV ZHkFIC
WHLEXFOBBMBRE LAD L ) 2REREHB. CECLoary s bMELLL
REME LEOBEBGBY K=C((C)£¥5. K LOT—~VERK AL ZORT
2D LT A,

-1 ((BY4]) A D K/C-HRIZEBETE. HHEHN = N(C,AD) ¥dH-T,
HED K-EBE o e AK)\DIIHL, Fhigilic . CoH ALRLEE, 0(C) L
D Db YDt ord,o*D S N,V € C.

AD K/C-BRHPEBTHEVE &, BEEHEL LTENN ALK RDHEIID
Wi,

FIE-II ([B98)) A ¥ C LD 7 —~NE#ik, D PEXRTHISROFITRE &
ZWET UM EFEE) £33, COLEHLERN=N(C,A,D)H¥dH-T,
TEOEHIB®R o:C —» A, 0(C) ¢ DXL,

ord,0c*D < N, VreC.

EBTHIY, o(z)eDElhbreCrbsbRESSCCURET DL (S D)-
#®7T), LOXMBTTACD EEHBAMAHT A ICKHBICEDATINATVLOT, 2
b o DEY 2T AZEIFESHABIC LY ([N8E)]), ord,0*D DH R, £h
LDEBIIHD. B ERED, SERELEVEIADPIOEROELATH S,

A. Buium DZEBHIE, Kolchin O# 5t 3k (differential algebra) DEFHIZL 5 b D
T, BICER-ILICoW Tl (BN ?) RBCRMMFECLLEHESZL T
L&, DOMMBOREIET X, BERORETIHEHATE 0L ) Z L #HEL
L7-.

TITIR, TO200MBEIIOVTE ) —#EH DO N ORFIZOVT L) HEH
Ll b THREESZ .

TTEH. X # CLOE7T—~LEHELL, FOWELLIE X-FEI /%37 ML
X%LWEETA. D XOBERTEL, D=DNAETS. BCcC&T771
CHEAREETA. CDLE, HLIERNFH-T, EED f: B> X IIxL,
f(B)CDTHr, ik

ord, f*D £ N, Vze€ B.

ST NIRRDF—ZIZOMKS.



(i) C DtE¥g L, |C\ B

(ii) dim X,

(i) X DBK7 74 BT =(C* ) OXATHO =Y v rar,)y MLT,

(iv) REE D" By, -+ B;,. 722U, B;, |3 AMBOBELTRITN; T, h+Xn;=n
AR TODETIIbS.

7 =NV EBEOITH S I LT T,
EE 1. AR CLOnRRE7 —~AVERHELL, D¥ X DBERFLTE. CO
HBZzgLdd. ZOLE, H2EHN(g,n, D) HH->T, HED f:C - A2kt
L, f(C)CDTharH», F7-ik

ord, f*D £ N(g,n,D"), VzeC.

A4 ORI, ERIMROE - FEEHEAET - ~NUVEBEEOBSIZHEHT 2012
AWM ThHo7Y v FREHVD (INWY00], [NWY99)).

ICHE L TROBE AR ERSHB 5.

EER 2. SCO*EBEALTL. A2CLEDRRTET—~VEREKEL, D
T XDBERTLTS. bLIEEEBR f:C o> DIWFELEWESIE, FHIER
f:CoA fAAIDCSTHLLDIEHFRLMFELEL 2V,

SE 3wk
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1 Introduction

EREAER) B X NHEEHENEEE LRV E X basA LR LW ERE
D X IBIBERARY —BTHY, BERTEn &T5E,C OBBMERIMBET BEEL
T, X=CYT L5,
Proposition 1.1 B\ETHRY —HC/TH A XL o
(1.1) cgeC"' <o,A>€Z for all A€l imply o =0.
r=rank[ £35&, (1.1) XY, n+1<r<2n O C[}=C"THD. BHiZr=2n0¢
X CYTIHBERIN—FRERV A RI FTHEN, 2TV P TCRVWEELE
REEOMBLTS. A,...,A4 2T Obasis & T5&&T =Z{4,,...,4,} LEL. 175
P=1[4,...,4,] %C”/Fa) B#ITH L. Rr = R{/ll,...,/l,} ¢T5E,K= Rr/T 1%
CYT DAz /7 FETHS. Cr =R N V=1Rr & Rr OBKRERHELZEH T 5. 42
B-ZA 8k, BMERMY —F CYT 2 Stein HTH A 71T Cr = {0} BLE+57
ThHb. o ThaA FABECHYT IZx LTI, dimcCr> 0 &£ 72 5.
Definition 1.1. koA ¥ B C*/T 1

dimcCr=q(g>0)

Lipd L& typeg &V,
EFELY boA FLBCYT Htypeq & rankl =n+q TH.
Definition 1.2. 121 # VB CY/T 1% #7 —~ /L Z4k{& L i3 Hermitian form H on C"xC"

ABELT
(1.2) H|CrxCr>0 2
(13) E:=ImH|TxT SEEEERHHHR

LB LEIZVD.
H % ample Riemann form &\ 9. EE LY, 2g<E<n+q THD.

Definition 1.3. type g D¥T7 — <NV Z4EE CY/T A kind s (0<2s<n—g) &idrankE =
2g+2s DEETVND.



2 rOAKELED -aKREAS—

C'T#typeq D huA FLELTE. C OFLRBHERIZELY CYT OEKATT
& P =[1,V], 2ZiZ I, =[er,...,e,] i n ROBAITIHITV = [vsl <i<nl<
J<ql=h..,v) BnxqgiThl, L +HZENHKRSB. V; = [vjl <i,j < g, B
V,=[mpg+l <i<nl <j<ql &<, det(mVy) #0 LRELTEN. EHIT
vi= Volei(g+1<i<n),Bi=Imv;(1<i<n) & TBLB),....0, LCHITH 5.

(21) = zlﬂ1+"'+2nﬂn
= hey+---+tep+thvi+ -+ hnvp

<L
1 n
2.2) = ——(— ) Viyzi+ ) viiZ))
i 2‘/:T JZ:; <) Z J%)
|
Inyi = (zi—-z) (=1,...,n).
PRV b
#-T
o] 1
. — ; 1<i<
(2.3) azi (Z fat} 2v—1 6[,,+,) (I<i<g)
V-1 1<i<
26t,+ ,m) (grlsisn).
Z=wier + ...+ wpep (XL T
Mg :iC'az="(w,..., W) " ="(wy,...,w) €I

o R
ng : C"T — C/my(D)

XECY I AL THD. FBHEEG UCCHYTIZHL

FU) = {flf:C“’inUand?szi =0, fori=g+1,---,n},
F 4B (FU)) TEZRESNBETS. f € HHCYL,F) i C* T&£7 714 /A—ETIE
A2 TH 5.
fo= 3 @ expn V=T <m1 >) = o
meZntd meZntq

R T ) e R e Ry € RV ThD. K me 2 \ZxL,
Kpii='mvi—mu; (1<i<q)&BE,Q3)ITEY

arm(

A AKmic™ (") expr V=1 <m, 1’ >), (1 <i<q).
Zi

(2.4)




Proposition 2.1 E#1T5% P = (1, V] L TH2ERETH®R) —HCY/ITRbuf Lt e

(2.5) meZ™, Kn =0 for all i (1<i<gq) imply m=0.
=R,
n
(2.6) f@ = Z ™ exp(—2n Z Mitnyi) exp(27r\/——1 <m,t >)
meZr9 i=q+1

E72%. ZIT, M IIERTHY, ROREWMZT. FEOEKR> 0 LEBOEDOES L
‘:% l/’

@7 C(k,R) := sup {Ic™) llm'|FRY™"; m € Z*9) < oo

Z 2T, || = max {lmy), Impail; 1 < i < g}, Im”|| = max {lmjl; g+ 1 < j < n). I (2.7) &7
=3 BA% (2.6) ix HOC"/T,F) DZTH 5.

B buA ZLBEECYT EDOXT FusRy Kb, Q(B) % B 2% b -o1EA| r-forms
B, F'P % F \4RE % b (r, p)-forms OfF, £ LT FP(B) := F?@QUB) L ¥5 L
DHELBES (7).

Lemma 2.2 H*(C"/T,¥"P(B)) =0, k> 1I.
Lemma 2.3
r r,0 3 rl [ 3 7,
0->QB)->F B)>F " (B)— - —>FB)—0
¥ exact T

Z5(C" /T, F"P(B))

HP(C"/T, Q' (B)) = B5(C*/T, F77(B))’

BEXYROEERERFD ([51,6)).

Theorem2.4 C"/I #EAHITHI% P=[1,,V] £ TS typeq D b A ZNABELT B LK
DEHFILFETH .

(1) Ja>0 s.t. sup,eznagexp(=allm’|)/Kn < oo,
2 Im|l = max{imyl; 1 i< n}, K :=max{|Kyl;1 <i<g}
p
) HPECYT,0)= \Clda,....dZ5) (1sp<g)

=0 (p>9.



3 +AaA FILED de Rham akEOD—

CYT #B#ITH%E P =[I,,V] £ TDtypeq D buA X LBELETH. §2 &L RAKIC
detm Vy) 20 & 5.

C*"/T Lo C™d-closed p-forms ¢ & @ B d-2FET—TDEE ¢ ~ ¢y LEL. (2.1)
BTl (@+1<i<n)i3CYT LOBEKTHS. 2.2) £V

q 9
3.1) di= ——(- D Vydzj+ ) vydz) (1<i<g)
2v-1 Jj=1 j=1
1 q q
dt; ~ ﬁ(—z dZJ+2‘/——_1dZ,+ZV,deJ) (q+1 <i<n)
Jj=1 Jj=1
1
dt,,i = dz; — dz; 1<i<n) #LTE&ELIZ
e+ \/_( ) ( )
(3.2) dzi~ dz; (@+1<i<n)

LT [9] 2517 5.

Lemma 3.1 CYI Z AHITH P = [I,,V] b DO typeq D b A FALHLTEH. ¢ =
S mezna ¢ & C*/T £ C¥d-closed p-form &3 2% L He—D>DEHIE p-form

1

p' 1<iy,,ip<n+q
L Cm(p— 1)-f0m1!// = Zmezmq(,[/m 7§§§)OT
p=x+dy,

BT, D CEmeZNONIH L, @" =y TH Y, m =013 L TiL, ¢° = y+dy’°
L%,

Lemma3.l & 3.1), 3D ICLVROERLZED.

Theorem3.2 CYI #EAHTHP=[1,V]EZb2otypeq® baA FLEHEL TS,
(1) CYT LOAEE D d-closed p-form ¢ O aFE 1 P—HHiT

p P
x@ € \Cldn,....dinsg} & xc(o) € \Cida, ... d2n, 47, dT5)
TRESNS. ST, THBOERERR X(p) & xclp) g IR LEE—DEE B,

14
@ HP(CYL,C)= \Cldn, ..., dh,)

» ‘
e/\C{dzl,...,dz,,,le,...,qu} for 1<p<n+g
=0 for pzn+qg+1.



Corollary33 ¢ & Yy Z b A ZAEECYT LD 2 >0 FEEIE 2-forms &5 L&D 3D
DEHFITFMETH 5.

M e~y

2 x(@) =xW)

(3) ¢=¢onTr xTIr

IITTr i3RI Y MK ODRRICKT EEMTH S,
Theorem 3.2 & Corollary 3.3 12X 0, ®i& ¢ - () (IRORIE 2 5 2 5.

2
(3.3) HXC"/T,C) = /\ Hom(T, C).

4 FET7—NLEHREOBRITH

C'T ZREATHI P = [I,,V] #b DO type g DEET —~ L BEEL T 5. T~
Z4E{KIZ 24 5 Riemann conditions I(cf.[4]) DILREZ 5 X B ROER LB S ([10)).

Theorem 4.1 C*"/T % AKTTHI P = [A1,..., dnegl = [, V1 2 b D type g ® b A #/LEE
T 5.

(1) C"T #* H % ample Riemann form &4 3 #7 —~ L &4k L +5 &, E := InHTxT
BROFHEZER T 5:

@.1) 'WVE\WV+'E;V—'"VE, +E3 =0 Tk
V=1 — _
(4.2) ——(VE\V +'E;V - VE; + E3) >0,
E, E
ZTE=|"" T}, E ez % LT EyeZ.
—'E, E;

Q) BT (41) & (4.2) R TREEEMFTIE = (Eij | <i,j <n+q) € Z0+xoe)
BHDHETHECYT I ImHC xT = E %i#%7-7 ample Riemann form H % L, D#7 —~
NEEETH D,

Z DFERAH G ample Riemann form H X C*x C" Lk, EEEE 2D XD ndZ &b
5. EBE,



[HB:,B);1 <i,j<n] A B ZZT
P Lj<n=| _ , LI T
J J B C
VT — _
4.3) A= [A,'j;l <i,j< ql = T(‘VEIV + lEzV— ’VE2 + E3),

B=[Bij;l SiSq.q+1San]=——(’71F2+'VzF3+‘F5),
C=[Cij;q+1<i,j<n]= V-1F3+8§,

12712L Fy € 2974, F3 € Z-9X(=0) | F, € 7949, 2 LT § € R0 3L D E-HFRATHI
Thd. S OEFEZ+IKREREDCHKE THIE HIZEEM Hermite 775 & 72 5. +5 &
kind 0 DEET — VL EREDBPUTHI OB ER BB LN 5.

Theoremd.2 C"/T' & b uA F LB L $ 5. C"/T 2% type ¢ > kind 0 D#ET —~L B
ETHDHDIZIE, T D basis Ay,..., Ay & C" DEREE e,,..., e, BHEELTEOEH
175

P =[A1,..., dusgl = [Ag,n), W],
LEFBIENDMLEFSTHA. 1275 L

W
A(g,n) = [b1e1, ..., 6464, €441, ..., 4] € T, 61|63] -+ |6, IZEDEK TH Y W = [Wl] c
2

C™ LB & Wy € C¥IHFATHITImW, >0 TH 5.

Z® Theorem4.2 ik g =n D& &7 —~LEEKIZBI$ % Riemann conditions III ([4])
E—HBTD. ILILKROEERELEBS.

Theorem 4.3 C"/T" % type g »*> kind s(s > 0) D#ET —~ LS T, ample Riemann
form H i3 C" xC" LEZBTHY, T =Z{As,. .., dueg) E35. T5E dagsts- s Anags €
C"\Rr BEFEEL TR EZH T ‘
(1) Ats s Apages 1 RS,
(2) T5:=Z{A1, ..., dpsgest EBLE CYT id type (g + 5) D kA # 8L
(3) ImH|['s X T's 13 rank (Im H)|T'y X Tg = rank Im H)T X T’ = 2g + 25 &7 TREEES
PR

L7228 > T CYT it kind 0 DHET —~)LBARIE CHT, DEEEETH 5.

ZOFEBIZFVT CYT & C*/T 1X[@ U ample Riemann form % & » T\ 3 Z Lok &+
5 INEOVKROEENELND.

Theoremd4.4 C"/T % huA ZAFEL T 5. C*T 23 type g 7> kind s(s > 0) DHYET —~
NERETHDT-DITIL, T D basis Ap,..., Adng & C" OBEEE e1,...,e, DEELTE



DA EITEIH

P=[A,..., 204 = [A(g + 5,n - 5), W]
EETHENLEFTSTHS. 1220
A(g+ s,n = $) := [81€1, - .., Oquseqrs: €qustls- - n-s] € ZD  61|02] -+~ [0qus IEIEDEESK

Wi

Thy W= [ € O+ L 15< b Wy € COrXa+) i3 #iTFI TIm W, > 0 TH D.

W,

Theorem 4.4 (23 b i 5 AT OZEHER L Abe([1], [2]) I L - TROZELNT.
Abe {3 = DIEAER, % & - T Fibration Theorem % ZEBA L 7=.

5 Fibration Theorems

Fibration Theorem % Gherardelli-Andreotti[3] iZ X » T 54, Abe [1] MBFEHL 2. ZZ
Cid. §4 @ Theorem 4.3 & Theorem4.4 DEAE LTHOLND Z L&D,

Theorem 5.1 C*/T % type g ® kA Z LB L+ 5. C*/T # kind 0 DET —~LBiRiE
ThHEDIZE, ROFERNNEHT g KD T —~NEKRE T BEET LI LB
B3 Th5:

0— CHY!"—>CI > T?— 0.

& 5{Z C*/T ® ample Riemann form X T? 76/ 6N 5.
tEoERE Theorem 4.3 Z AV TKRDOER /5.

Theorem 5.2 C*/T %# typeq D haA ZAREEL T 5. C/T 23 kind s(0 < 25 <n—q) DX
7=~V BEERTH B 12D, ROZBERFIZH T (g+5) RILDT — L Hhkik T
NEET I EPLEFTHTHS:

0 — C*x(CY 7% — C"/I[ — T — 0.

& 5{Z C*/T ¢ ample Riemann form X T9** 1 HELN 5.
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