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N- Fractional Calculus of Some
Logarithmic Functions,

Katsuyuki Nishimoto Descartes Press Co.

Abstract

In a previous article of the author, N- fractional calculus

(- oy -or-af)

are reported.
In this paper N- fractional calculus of logarithmic functions

(log(((z -b)? —¢)*- d))y

are discussed. Then we have the following theorem, for example.

Theorem 1. We have

(1) (log{(z-1)" -c)*- d))

e Lo § e )

rrk+H\ (z-b"
”l( ) [ak],,,l“(ﬂm+aﬁk+y)( c )"’]
Ek (z-b)*f) &  m!'T(Bm+apfk) (z-b)°f
where
| a | e | |2 |.
l(z-5° - -0 |z-0)*|
|F(ﬁk+y)| |I"(ﬂm+aﬁk+y)|
It Ry [ T@measn | <>
and

[Al, =A(A +1) - (A+k-1)=T(A +k)/T(A) with [A], =1,

( Notation of Pochhammer ).
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3 New class of certain analytic functions

Junichi Nishiwaki (Kinki University)
Shigeyoshi Owa (Kinki University)

Let A denote the class of functions f(z) of the form

f(z) = 2z + Zanz"
n=2
that are analytic in the open unit disk U = {z € C: |z| < 1}. For g(z) € A, we say that
9(z) € A(a, B, h(2)) if it satisfies

e 9(z) 9(z) _ z
Re(f5) > o i -o|+e eew
for some h(z) € A, a(a 2 0), and B(0 £ B < 1). If h(z) = z, then g(2) € A(a,p,2) is
defined as

Re(gﬁ)>a g—(;l—l’+ﬂ (z€U)

z

for some a(a 2 0) and B(0 £ B8 < 1). If g(z) = zf'(2) and h(z) = f(z) for f(z) € A,
then g(z) € A(a, 8, h(2)) is equivalent to
) _ 1I+ﬂ (€ V)

1)

Re > a

( 1(2) 1(2)

for some a(a 2 0) and B(0 £ B < 1). This class was introduced by S. Shams, S. R.

Kulkarni and J. M. Jahangiri (Internat. J. Math. Math. Sci. 55(2004), 2959 - 2961).
Also this class was denoted by SD(a, §).

Remark For g(z) € A(a, 8, h(2)), we write w(z) = g(z)/h(2) = u + iv.
If @ > 1, then w lies in the domain which is the part of the complex plane which
contains w = 1 and is bounded by the ellipse

(u_ a”—ﬁ)2+ o? a?(B — 1)?

2
o? -1 -1 < (a2 —1)2"

If o« = 1, then w lies in the domain which is the part of the complex plane which
contains w =1 and is bounded by the parabola
2
1
v +,3‘
21-p) 2

u >



If0 £ o < 1, then then w lies in the domain which is the part of the complex plane
which contains w = 1 and is bounded by the hyperbola
(u_ a2—6)2 I N g Vi

a? -1 a2—1v>(a2—1)2'

In the present talk, for g(z) € A(a, B, h(2)), we write

z)=z+ Zb,,z", h(z)=2z+ Zc,,z", F(z) = ‘ZE—S =1+ Zd,,z".
n=2 n=2 n=1

Theorem 1 If g(z) € A satisfies

oo

S (1bal = Bleal + alba —ca) S 15

n=2
for some h(z) € A with |b,] 2 len)(n 2 2),a 2 0, and 0 £ 3 < 1, then g(2) €
A(a, B,h(2)).

Corollary 1 If f(z) € A satisfies

S {t+a)n—(a+B)} e S1-8

n=2

for some a(a 2 0) and B(0 £ B < 1), then f(z) € SD(e, f).

Theorem 2 If g(z) € A(a,3,h(z)), then

(HZI el + 3¢ l)lcnl) (n22).

k=2

LA

Corollary 2 If f(z) € SD(e, B), then

2(1 - ) 20-8) T (1, 2=5)
s 5 et L i) 029

Let us define

L(F() = < / “eE®d (e 1)
for g(2) € A(a, B,h(2)).

Theorem 3 If g(z) € A(a,B,h(2)) with0 £ a < 1, then

Rel,(F(z)) > 2°((26+ 1)) (1(_ ")"‘) (z € U).

Theorem 4 If g(2) € A(a,B,h(2)) with a > 1, then

|(F<>)—1|<§ ‘3 (z€U).

_6_
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(CF)(p) = f(p) = [ e mE@bd, p>0
0
DHULTWEYEZD. FRIIERKERE L LTOFEBAKXEEZS
N, B EOBESICBITAEOL BV THEERLRD\NEL
DBRENHFETD. ZhPEITHROME T, BTrEEE2TE0EEE

DETRZIIVLERHDDOTHEHME INTWVEILOTHS. FOEK
HIZR< AL TWBAR

tim (=1 (E)M1 ™ (3) =Fe,

nooo  n! t

. n td\[n,n\_
tim e (14 £ [ (3)] = 70
([14,16])) e Db oyhd. EHIZ 34 B8R, T HITKEZRICMA
(17,18] I2d D. HIZfRHTEERE L DBEIEIZ OV T [7,8] 28R,
M2 BT B HRERT 7T AR RO ESERIITARRTN 28
LENRH D, HEEOB N TRRTELEXD. TOBBLHR,
FiEZOWTHRE LW,
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5 On holomorphic curves extremal for the truncated defect relation

FH ®B% BILXKFER)

1. Introduction.
(a) Let f = [fi,--+, fa+1] be a non-degenerate, transcendental holomorphic

curve from C into P*(C) with a reduced representation

(fl)"';fn-f'l) : C > Cﬂ+1_{0}’

where n is a positive integer. For a = (aj, ", ap41) € C™1! — {0}, let 0,(a, f)
be the n—truncated defect of a with respect to f.

Let X be a subset of C™*! — {0} in N-subgeneral position satisfying
2N —n +2 < #X, where N is an integer satisfying NV > n.

Truncated Defect Relation ([1}(N = n), [4](N > n). See [2], [3].)

Y bn(a,f)<2N —n+1.
aecx

We are interested in a holomorphic curve f satisfying

S bn(a, f)=2N-n+1. (1)
aeXx

(b) For a non-empty, finite subset S of X, we denote V(S) =the vector space
spanned by elements of S and d(S) = dim V(S). Let

O={SCX|0<#SL<N+1}.

Then, #{d(S)/#S | S € O} < co. We put

Proposition 1([5]). Y_ di(a,f) < (n+1)/A
aex
Proposition 2([5]). Suppose that N > n and that (1) holds. When n is
even, A < (n+1)/(2N —n+1).

Theorem A([5]). Suppose that N > n and that (1) holds. If
A < (n+1)/(2N — n+ 1), in particular, if n is even, then there exists a subset P
of X satisfying

(i) d(P)(2N —n+1)/(n+1) < #P and (ii) dn(a, f) =1 (a € P).



2. Lemma and Result.

Let
W={r:X—-(0,1|¥Se0, Y 7(a) <d(S)}
acs
Lemma 1. V7T € W, Y 7(a)dn(a,f) <n+1.

aex
Lemma 2([7]). There exist a function w : X — (0,1] and a constant A
satisfying
(a) 0 < hw(a) <1 (a € X); (b) Taex(1 — hw(a)) =2N —n+1-h(n+1);
() NN\n<h< (2N -n+1)/(n+1); (d) we W.

Lemma 3. (1) holds if and only if
(i) (1 — hw(a))(1 —é.(a, f)) =0 (a € X) and (ii) Y_ w(a)dn(a,f) =n+1.

acx
Let D} ={a € X | bn(a,f) =1}.

Proposition 3([6]). Suppose that (1) holds. If d(D}) = n + 1, then
#D! =2N —n+1.

As an improvement of Theorem A, we have the following
Theorem. Suppose that N > n, d(D}) < n and that (1) holds. Then,
A< (n+1)/(2N —n+1). If A < (n+1)/(2N —n+1), in particular, if n is even,
then
#D! =d(D})+ N —n.
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A 1= 7[T,xr] T EEFEROHSHAAKRICRT 5 Z L BBHEFTITHS :

M = M(R,x)

== {r € C|r=r[T,xr] for which 3f : (R,x) — (T, xr), conformal}
XBAAKRTH S ; KL, 1 RICBETIEBEERS LR,

bz, EBDOTre MR X)IZOWT ,72EVaFALT S (T,xr) P

T, #Riemann @iZ & o> THROIWRWBSORED (EORALEAER |
2R RE ED) BREK

afr) := max{Area(T \ f(R)) | f : (R,x) = (T, xr), conformal}
DMES HhE X EIG A E
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2p.

THHZEHbHALTVD (RBRITII b LELLS 2o TWVS . ZodiE

M L THEThABANSEMEDAL f : (R,x) = (T,xr) DLHEICL>T
EREIC RS SHTVS).

ofr) =
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A(7) := max{Area(T \ f(R))/Area(T) | f: (R,x) = (T, xr), conformal}
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HYPERGEOMETRIC FUNCTIONS AND HYPERBOLIC METRIC

Glen D. Anderson (Michigan State University)
B BE (RBRFRFHREFLHER)

M. K. Vamanamurthy (University of Auckland)
Matti Vuorinen (University of Turku)

TEESITERN 2 AU ENLRD L ENHHBEEZHET 2O TRHMB L TN DA,
FO LS REHE~OEREROE M EROHKEERZE D TN FH R E 7213 EE
BEDO TS OFENEEL 25, WFHEOFRICET 2 BHMAEN L, BRRTEBERT
HB2ERHEEEORMHENEICEHET, EEEH#AYZ Picard, Landau, Schottky @
TR VIIARIICIE 2 ARHE FERONHEFHBEOHRITESEKEL TV D.

2ERHEEERIL, 245280,1 084, THbbQ=C\{0,1} DHEIIELNIET+H
THDEN, FONMHET EREEATA—FLTD) E—EBELMEARTEZRVTER
REND. (ZDZ X, Agard D 1965 EDRIMLFEA L NDH, TOPICHTHICE
PNARDST=DT, XRMICEND LI RZDIIHBHBENOZ LD LS THS. #LL<
i3, [4)E8BEhi=)

E-EELHEOES IBRAEEDO T A—F BRI L DL LTRERTEDL D
Ehh, BSAEKICETAHEN LN RICET2FRNSISHED LHFEIND.
FE, avPa—FICEABEERVERICRoTERLI L bH Y, BRMEBETS
DR AP VEERRERNKE L, MBI TIN5 IXko TR (LEXE, (1]
PBBOZE) . SEFOLIRFEZAVT, ROLIREEIF/ONK. B(a,b) =
T'(a)['(b)/T(a + b), R(a,b) = 2¥(1) — ¥(a) — U(b), ¥(t) = I'(t)/T(t) £+ 5.

TE . gbZab<a+biWHTERLL, REDEHKPZ

et 1
P(t)=F (a,b,a+b, m) F (a,b,a+b, 1_—1——;:7)

KL DERTS.
(1) P i3BEHKT, P'(t)>0 (#E-T, &&EH) THY,

P(t) = [|t| + R(a,b)]/B(a,b) + O(te™!) (t — £o0).

(2) MEH P (ZFEKT, R ERBEFMM, P'(0) = 0,P'(t) = ([t|/t)B(a,b) +
O(te M) (t = *oo) /=3, #iZ, —1/B(a,b) < P'(t) <1/B(a,b) (t € R).
(3) B P(t) £ t/B(a,b) i¥ £t > 0 (CBWTHREMH OB M (¢ > 0) /B

(t<0) ThHd. %, R(a,b)/B(a,b) < P(t) - |t|/B(a,b) < P(0) (t € R).
(4) B G(t) = (P(t)-P(0))/t IXR EIREHIREMT, ZDRIZ(-1/B(a,b),1/B(a,b))
ThH5.



EH 2. o,b ¥ ES L LTR LOBEKQ,q 2TNER
F(a,bia+b; %)

t)y=1 t
FlabaTh L) 90 =TeQw

Q) =

WLV EDD. DL E,

(1) Q X R BB EMBNLEEELT, Q1)Q(-t) =122 Q(t) = B(a,b)7'[t+
R(a,b)] + O(te™) (t — +o0) &7

) qg;l% R ﬁ&%iﬁ%ﬂﬂfxﬁ@&ﬁ q(t) = logt — log B(a,b) + O(1/t) (t = +00)

W77

(3) q(t) 1t < 0 B3EEM, ¢t >0 LEBEMTHD.

(4) q(t)/t 1t > 0ICBWVTHRBETARL, - T g (0,+00) ETHMER, T2
bt +t) < g(t) +q(t) (¢,¢ > 0) B Y L.

(5) a+b> 108, Q(t)—t/B(a,b) it > 0BV TREEABMD > ORELTHS.

(6) a+b> 1D, (R(a,b)+1)/B(a,b) <Q(t) <1+1t/B(a,b) (t>0) TH5.

C\{0,1} ® (#3 —4 ) NEtE# A(z)|de|, M EERER d(z,w) & THIE, A(z) >
A(—lzl), d(z,w) 2 d(—|2|, —|w]) THY,

A-z) = !

2nzPTIi;)FKT§;)
d(-z,-y) = 9(:%) — 2()|
LERIND. EFL, ZZiZ0<s<1iZHLT

®(s) = Jlog s,

2 ! dt 11l.1.¢
F(8)=;-/; \m.—tz)(l—stz):F(E,E,l’)

LF5B. 0T, FROFBICENTa=b=1/2 &THT P(t) = [2retA(—€')] ", q(t) =
20(et) L 720, EROEEMD, [4 KBV TTFRE LTHEFToNTWEEROS S BEE
BANS. 12171, Zhbnd b o2idBEZ, Baricz (2], Betsakos [3] (2L > TRS
NTWAZLREELTRL (B, BRADIEABERIEOOLDOLITRRD) .
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On counterexamples to the equivariant K=2 conjecture

IR (KR LR FEFRBFELE)

Let © be a simply connected domain in the Riemann sphere C whose boundary
contains more than two points. Thinking of C as the boundary of hyperbolic 3-
space H3, we denote the boundary of the hyperbolic convex hull of C — Q in H®
by Dome(f2).

On one hand Riemann’s mapping theorem tells us that §2 is conformal to the unit
disk D with its conformal structure. On the other hand Thurston [2] proved that
Dome(?) with its induced metric from H? is isometric to D with its hyperbolic
structure. Since € and Dome(f2) share the same boundary 89 in C, it is natural to
look for quasiconformal maps f : @ — Dome(£2) such that the continuous extension
of f to 8Q acts as the identity map on 9.

Let M6b(2) denote the group of Mébius transformations which preserve 2. Then
Mob(Q) also acts on Dome(f2) as a group of hyperbolic isometries by means of the
Poincaré extension. Let K.,(Q?) be the infimum of the maximal dilatations of
Méb(f2)-equivariant quasiconformal maps from €2 to Dome(£2) with this boundary
condition.

In this talk, by means of the numerical calculation of moduli of hyperbolic quadri-
laterals [1], we show some ideas to estimate Kq4(2) from below when (2 is a region
of discontinuity of a quasi-fuchsian group.
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Intermediate Teichmiiller space

Ege Fujikawa (Sophia University)
Katsuhiko Matsuzaki (Okayama University)

The Teichmiiller space T(R) of a Riemann surface R is the set of all
marked Riemann surfaces that are quasiconformally equivalent to R. Let
M(R) be the moduli space of a Riemann surface R, namely the set of all
biholomorphic equivalence classes of R. Then we have a projection 7 :
T(R) — M(R) by forgetting all the markings of Riemann surfaces. We
consider a new projection 7’ by forgetting the markings only on compact
subsurfaces of Riemann surfaces, and then the projection w is divided into
n’ and another projection #” : #'((T(R)) — M(R). In this talk, we observe
the new space n'(T(R)), which will be called the intermediate Teichmiiller
space (between T'(R) and M(R)), and investigate a complex structure and
the group of biholomorphic automorophisms.

We have another projection from the Teichmiiller space. The asymptotic
Teichmiiller space AT(R) is a quotient space of the Teichmiiller space that
is defined by asymptotically conformal homeomorphisms. Then we have a
natural projection p : T(R) — AT(R). We would like to state that the
projections 7 and p are interrelated to each other: the projection p is also
divided into 7’ : T(R) — «'(T(R)) and p" : #’(T(R)) — AT(R). Namely,
the intermediate Teichmiiller space lies also between T'(R) and AT(R).

If R is of analytically finite type, then the intermediate Teichmiiller space
is coincident with the moduli space M(R), and the asymptotic Teichmiiller
space AT'(R) is just one point. If R is the unit disk D, then the intermediate
Teichmiiller space is coincident with the universal Teichmiiller space T'(ID).

Now we state the concrete definition of the intermediate Teichmiiller
space.

Definition 1. We say that two quasiconformal homeomorphisms f; and f,
on a Riemann surface R are equivalent if there exist a conformal homeo-
morphism h : fi(R) — f2(R) and a compact subset Vj on fi(R) such that,
for each connected component W of fi(R) — V}, that is not a cusp neigh-
borhood, the quasiconformal homeomorphism fz o f{!|w restricted to W is
homotopic to h|w. The intermediate Teichmiiller space IT(R) of R is the
set of all equivalence classes [f] of quasiconformal homeomorphisms f on R.

A pseudo-distance between two points [fi] and [fo] in IT(R) is defined
by d{([f1],[f2]) = (1/2)inflog K(f), where the infimum is taken over all
quasiconformal homeomorphisms f that is homotopic to fa o fi ! outside of
a compact subsurface of f1(R), and K(f) is the maximal dilatation of f.

It is known that the Teichmiiller space and the asymptotic Teichmiiller
space are complex Banach manifolds. We would like to consider a com-
plex structure of the intermediate Teichmiiller spaces as well as the metric



structure. However, since it is difficult to consider these structures for all
Riemann surfaces, we have to assume that Riemann surfaces satisfy a certain
condition on hyperbolic geometry.

Theorem 2. Let R be a Riemann surface satisfying the bounded geometry
condition. Then (i) the intermediate Teichmiiller space IT(R) has a complez
manifold structure; (i) the pseudo-distance d is a complete distance which
is coincident with the Kobayashi distance on IT(R).

To obtain another equivalent definition of the intermediate Teichmiiller
space, we consider a subgroup of the quasiconformal mapping class group
MCG(R).

Definition 3. A quasiconformal mapping class [g] € MCG(R) is said to be
eventually trivial if there exists a compact subsurface V;, of R such that, for
each connected component W of R—V, that is not a cusp neighborhood, the
restriction gl : W — R is homotopic to the inclusion map idlw : W — R.
The eventually trivial mapping class group E(R) is the group of all eventually
trivial mapping classes.

We see that the intermediate Teichmiiller space IT(R) is coincident with
the quotient space T(R)/E(R). Note that if R is of analytically finite type,
then E(R) = MCG(R). Theorem 2 follows from the following proposition.

Proposition 4. Let R be an analytically infinite Riemann surface satisfying
the bounded geometry condition. Then the eventually trivial mapping class
group E(R) acts on T(R) discontinuously and freely. Namely, for every
point p € T(R), the orbit E(R)(p) is a discrete set and the isotropy subgroup
Stabgr)(p) is trivial.

Remark that the problem whether the pseudo-distance d is a distance
on IT(R) is equivalent to the problem whether the orbit of every point
p € T(R) under the action of the eventually trivial mapping class group
E(R) is closed in T'(R).

We determine the biholomorphic automorphism group of IT(R). Every
element of MCG(R) induces a biholomorphic automorphism of AT(R). Let
Aut(AT(R)) be the group of all biholomorphic automorphisms of AT(R).
Then we have a homomorphism 41 : MCG(R) — Aut(AT(R)) and define
Modar(R) = tar(MCG(R)). The homomorphism ¢4 is surjective for no
Riemann surfaces R of infinite type, namely Mod 4r(R) is always a proper
subgroup of Aut(AT(R)). However we can characterize Modar(R) as the
biholomorphic automorphism group of IT(R).

Theorem 5. Let R be a Riemann surface satisfying the bounded geome-
try condition. Then the biholomorphic automorphism group Aut(IT(R)) of
IT(R) is isomorphic to Modar(R).
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~ . 3)
HHIE, RRD f 2 2=0 KROTEATHS, | i@
IheDFRHIZKREZHET 3,

W 3 (4 RXH EIREISH T 2 Grotzsch BAFK; Ahlfors DA ¥ 7213 Gradiner-Lakic
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bDLERH>TVE,

L ORBRIZ, BRAEROEENTIABEOMERBICEASINS, (XY —5
HETRETE)

R 4 DEEHICIZ, FRRE3 L REM I,

BEG6 EHC,C:>00<8 <1 HBH>T, (1, R=C~{0,1}, [G1] <1 22
da((1,62) < C1 &6,

( 1 ) 1/2(K+2)

< Csda(C1,¢2) - log |G-

Q
log G l
SEXBR

[LV] O. Lehto and K. I. Virtanen, Quasiconformal Mappings in the Plane, 2nd Edn.,
Springer-Verlag, Berlin, 1973.

[GM] V. Gutlyanskifand O. Martio, Conformality of a quasiconformal mapping at a
point, J. Anal. Math. 91 (2003), 179-192.
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Dirichlet SR &/ % i 7= 3 FERRTEAE T 5 #2

DIEEE DFTE

F-H BB
Bk K FBE UL AR AR

DiZR"NOEREHL L, 0D TD OERAEET. AlTR" ED Laplace fEAR
LT3, ROFDIEBRK FBRD Dirichlet FIREZ ZE 2% (BRI b o L —KOF) !

) {Au =V inD (distribution)

u=¢ on 8D
eIEL, pidEE, VISEYREWLZHE-T D LEOFRIBEETHS.
PR, +_TOFAMEBK 4 € C(OD) IZx LT (1) KIEEMBEE b O ?

V <0D& & Au = Vur OEEARITEBMBIIEH,NS, ¢ >0 ThiuI (1) OE
EROGFENPHFETES ! LIL, V2>00L &1 Au=Vu? OEMEEILTE
BIENOHERCTRKREL LS. 2FY, ¢=0I1T8 LT (1) IXEEBE LRV

p > 1 DA O Chen-Williams-Zhao [1] DFERZBD. V € K(D) L3,

l}gm o(sup |z|—‘_/(q|%;|?idy) =0
m}(E c)z_; zeDJE Y

EWMlTeEENI. 2L, mitR® ED Lebesgue BIEETH S.

JEE (Chen-Williams-Zhao). D IXR"* (n > 3) ADOH 5 Lipschitz Sk & +5. p> 1
R, VeK(D) LT, $£0T

supp < A(p,V, D)
8D

261E, (1)IXEMEMue C(D)Eb.
KT REIERTER) (p < 0) DBEEEXD. a>0& LT

2)

Au=Vu™® inD
u=¢ on 9D

ZDHEE, MEV G IR L TEEBROFEIRIES 2V . LUTF, Green BI¥ G(z,y)
%% 5, Dirichlet FREIZBE L TIERIZ2F FREEIK % Dirichlet IERISIR & X 5.



R (JEFFEE). DIXR™ (n > 2) IO Dirichlet ERIGRCHAIRE ST T3, a >0
HEK, V=r>0 (B 15

supé < ()"

251, (2) IXEEMEE bR,
FHEEBZBRRDBICKROBEEKELBATS. VeG(D)Lid, #zeDiITHLT

(s [ GenVi) =0
r z€DNB(z,r) J DNB(z,r)

Wl LEEND. TOLE,
Vo =sup [ GanlV()ldy < o0
zeDJD
Bbnd. £, VeLl(D) L, #z€eDe0<r<r iZRHLT
[ W@ 0B nD,D\BE)dy < oo
D\B(z,2r)

EMiTe&aWnW). 0<w<14&Y, LY(D)g LL(D) TH 3.

EE (F7E). DiXR" (n > 2) A Dirichlet ERIESR L T3, o > 0IXEHK, Ve
G(D)NLY(D) ¥ 5. X

. +a @)

inf¢ > m”""é{gf
2biE, (2) IXEMEMu e C(D) X bo.
#. DiXR" (n > 2) A® Dirichlet ERIBUR CHAR LA LERKE DL T 5. a>0
BE¥R V=x>0 (B LT3

inf > l+a (n)ll(l+a)
8D =~

oc/(+a) \ 9
2biE, (2) IXEEREu e CH(D)NC(D) & b.

SER. Lipschitz %8 D I23\ Ti G(D) C LL(D) Thd. 7z, DHNBEIRES
Boix, 651 € G(D)\K(D) TH5. 2T, Au=6p(z) ™ ICbHEATE 3.

25X

[1] Z. Q. Chen, R. J. Williams and Z. Zhao, On the ezistence of positive solutions
of semilinear elliptic equations with Dirichlet boundary conditions, Math. Ann.
298 (1994), no. 3, 543-556.

[2] K. Hirata, On the existence of positive solutions of singular nonlinear elliptic
equations with Dirichlet boundary conditions, J. Math. Anal. Appl. (to appear)
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The composition operators with closed range
on the Dirichlet spaces

KHE & (VNERERRF)

a>0IR LT, /B, 1T
sup(1 — |2[*)?]f'(2)| < +oo
zeD

-3 D LORTREELELTE. B=5B 1%, 7u vy RERMEFEIND.
dA(z) tX D E® normalized area measure &9 %.
a>-1IZR LT, HEMET 1+ V7 VZER D* i

L@ =11 (@) + DA(R) < +oo

k7T D LOREELKL TS a=10kE, D' = H i, ~—
F 4RIl D. a=20LE&, D=2 %, NI ERIIRD.a=0
DEx D =DiL, 74U VERITRS.

—fRIZ X & NFonZE@E L, T % linear operator from X into X
ETB. FDLE, Tix ®EWT/251E, bounded below on X & T
N3 || TF|=C| f|l for all f € X and positive constants C' > 0.

D FOEFBEE g IIx LT, ERIEARC, 1%, Cof = fop LEERS
5. ZOWMETIE, ZOEBEAFEN VD D LT bounded below 12725
ONZETIHAEL, UTORRBELNT :

Theorem 1. Let0< a< lands > 1 and v = 2a— 2+ s.
Suppose C, : By — B, is bounded. If C, : D7 — D" is bounded below,
then C, : By — B, is bounded below.

COI‘OH&I’y 2. Suppose C, : By — B, is bounded (0 < o < 1).

If C,: D — D is bounded below, then C, : By — B, is bounded below

for some 0< a< L.

Theorem 3. Leto< a< 1. Suppose @ 1s a univalent sel f-map
— 1212 \¢
of D. Supposethat C, : By — B, is bounded (i.e. sup (—%) |¢'(2)] < +00).

2D \1— |p(2)
The following are equivalent.
(1) C,: By — B, is bounded below for some 0< < 1.



: B, — B, is bounded below for all 0 < a< 1.
: L2 — L2 is bounded below.

: H? — H? is bounded below.

: D — D is bounded below.

: BMOA — BMOA is bounded below.

: B — B is bounded below.

15 an automorphism of the open unit disc D.

SQ ‘SQ GQ

a

AN TN AN N N N~
00 ~J O U i N
LAan
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14 a— wommEsco minimally thin
REE DEEM BT

EXRET (FEX - BEHEH), SEKE

Essén and Jackson [2], Essén, Jackson and Rippon [3] i3, (kD X 5 72, %250 T, AD
FEMRIE A TO minimally thin 288128 LT, ZROMEBORIC X 2 5WORE R % 310
L7z,

EBEEJR. n>2t L, h:[0,00) = [0,00) i, h(0) =0 &&RDEH
/0-1 h(z)z'"dz < oo

%ﬁtf\@ﬁ&@M@ﬁk?éoC@&%\1MWMnTmMmMymm&$éﬂ\&
DEAF

(%) 0<§’5§\/ﬁ (k=1,2,3,.),
k

=, Uk Tk
== )"h(—) < 400
kgl(lPkl) (yk)

%?ﬁtf, EP'E“ Pk = (Xk,yk) € Tn, #5‘% Tk 0)51?0)EI§§'J {B(Pk,’f‘k)} (k = 1,2,3,...) Iz
L-oTHDbNS, ZZT, |R|IZ P LEAL DERE,

CORETIE, LROEBEJREEO LIIRRBFET, a—2NDoo T minimally
thin RESITH L THEREB(L LI RE2EET D, 22T, a—1 Lit. BAERES™!
LOBRODBRBEREBFOBRQ IR LT, kOLd

Cn(Q) = {(r,0) e R"; r € (0,+0), (1,0) € Q}

ZVS (n=2DREFARR) . FEM T, 120 % LEBARST L4585 Ra—
TH D

EE (Miyamoto and Yoshida [5, & 3]). h: [0,00) — [0,00) it. A(0) =0 . H>>.
e .
/0 h(z)z'™dz < +oo
EWIY. EGREMBIKE T, ZDEE, C(QHD o T minimally thin 728813,
EARIT/NES 2 e> 0IZRHLTH, KDOLHt

(+%) 0< d&’;k) < ‘/75 (k=1,23,..),



<, A(Pe) Tk
2 | Pe| ) h(d(Pk)) < Feo

k=1
%?ﬁf:'ﬁ'tp,l‘_‘\ P, € Cn(Q), AR Tk @Bf('@irﬁﬁu {B(Pk, Tk)} (k =1, 2,3, ) L'_J:’)'Cﬁb
N3, ZIT. d(B) it P 55 Ca(Q) DHER & T BERE,

AR (x) & (xx) OBWVICEBR L2V, (%) T BRB(Pr, i) B4 T LS T, NICERIC
BEND LIIMOARVA, (xx) Db & T e B/PEVBRITIZER B(Py, 11) IR Co(Q)
ILEENTVS,

COFBIZBWT, h(z) =2" LBITIE BRBFECI-TEONEROBRLES,

% (Miyamoto, Yanagishita and Yoshida [4, EE 2]). C,(Q2) D oo T minimally thin
REEIL,

YER < oo

k=1 dk
BT, B Py € Ca(9), 8B 1 OEROTHF| {B(P, )} (k=1,2,3,..) KL >TH
bh3,

ZOEBEDFERIL, Essén, Jackson, Rippon EDF L IXRR Y, Azarin [1] 12T 3
FiE. $7205H, Besicovitch DEBMEBEFIATHHETREND, Fh, (x) 2B 3
DI, RDOFME

(6 — 1)diam(W;) < dist(W;, 8C,(2)) < 20diam(W;)
WY, 16 (8 > 1) iI2B83 % C,(Q) ® Whitney cubes DFl) {W;} 23, =T,
dist(W;, 0Ca(Q)) iZ W; & Co(Q) DER L DIEMEE . diam(W;) I3 W; DEZE %% T (Stein
[6])

S5 3k

(1] V.S. Azarin, Generalization of a theorem of Hayman on subharmonic functions in
an m-dimensional cone, Mat. Sb. 66(1965), 248-264; Amer. Math. Soc. Translation
(2)80(1969), 119-138

[2] M. Essén and H.L. Jackson, On the covering properties of certain exceptional sets in
a half-space, Hiroshima Math. J. 10(1980), 233-262.

[3] M. Essén, H.L. Jackson and P.J. Rippon, On minimally thin and rarefied sets in
RP,p > 2, Hiroshima Math. J. 15(1985), 393-410.

(4] 1. Miyamoto, M. Yanagishita and H. Yoshida, Beurling-Dahlberg-Sjégren type the-
orems for minimally thin sets in a cone, Canad.Math.Bull. 46(2003), 252-264.

[5] 1. Miyamoto and H. Yoshida, On a covering property of minimally thin sets at infinity
in a cone, preprint.

[6] E. M. Stein, Singular integrals and differntiability properties of functions, Princeton
University Press, 1970.



15 Non-tangential limits of
a-parabolic functions

F)Il BA (BRETEE)

(N +1)kma—27)y REM (N > 1) icB1F5 E¥EE
RY*! .= {(z,t) e RN |z e Rt > 0}
BT, o HMEERR L Si,
L@ =8+ (-4,)* (0<a<l)

TEEINDIDHOTHY, o- BB EISBEKOERT L@y = 0K DL
OB LD EETS. LO OEEBW I,

(27!')_N fRN e—tmﬁaeiz-f df (I e RN,t > 0)
0 (z € RV, t <0)

W@ (z,t) := {

TEHIND. ZOWO R a=1/20LEITE,

Wz, = {F("—;f—l)t(vr(lzw Loy s 0

- t<0,
-2 12
WO(z, ) = {(m) exp(—|z|2/4t) t>0
0 t<0

THD, FNENIL Poisson BB & U Gauss-Weierstrass X TH 5. RYT Lop
REHED T o- W EEE DD < % Banach ZMlid alda=1/20 & iR L
DOFEFMBEKEE, o =10 LERHBAFERORLAI—BTE. W@ iZzizon
TOEREZDL, BICHATHS. T2DB,

WO (z —y,t)dz =1, W®(z,t) > 0
RN

EEICHIET. ik, kEFEBE, =010, - ,0N) ELT,
3C > 0,z € RN, ¢ > 0, |BHFW O (z,1)| < CE(t + |zf>) = !

LFHETES.



fePRM)(1 < p<oo) ®WR IZBET 2D u(z,t) &,
u(z, 1) = f f(z— )W (y,t) dy
RN

TEHETS. ZDu(z, t) 3 o-HPRBEKTHS. ZOBRMIRYT OFER {(2,0) €
RV+! | z € R} D non-tangential limit Z—fRANCIIR7720. RABIKZEMB L
V#FBEROMER (Thbb, a=1/2,1) IZDWTIE, HHAIZIE Lebesgue
R T® non-tangential limits DEENH SN TS ([SW) . BIEOHETIZ,
Shapiro 7% o-set &35 Lebesgue REEIZAS T HHEEEERBL, TOESIE
9 % R Tl non-tangential limits WHFET S I EZRLL ([S2) .
SEOHEIL, WO IZBT I u(z, t) ITONVTH, o- BB o-set ZEEE
z
Ve > 0,36 > 0, s.t.

|z — x| < 6,7 < 6 =

/ o)~ f(zo»dy[ < elle — zof 4 1)

To,T)

R REE o LEBL, THICET 5K T non-tangential limits SEFET
BIERRTIETHD. ZORRIE 2 DOBKTRRDOBERDILIRICZ> T
3. DED, BAMBEAKEHAFERENS TNENOHERTHLITHE > TW-HIRE
EHR—RICROED I ETRELMRRZSZE, EBIT, 1/2<a<1DLE
W2 o- B o-set [X o-set EEATNBZETH 5.

SE K

[S2] V. L. Shapiro, Poisson integrals and nontangential limits, Proc. of the Amer.
Math. Soc. 134, No. 11 (2006), pp.3181-3189.

[NSS] M. Nishio, K. Shimomura, N. Suzuki, a-parabolic Bergman spaces, Osaka
J. of Math. Vol. 42, No. 1 (2005), pp.133-162.

[SW] E. M. Stein and G. Weiss, Introduction to Fourier Analysis on Euclidean
Spaces, Princeton Univ. Press, Princeton, 1971.
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Vanishing integrability for Riesz potentials of functions in
generalized Lebesgue spaces

KB BIL  EBKF¥ - REBFER
REF R LRKFERES - B¥EHFRER
TH & ERRFERES - BEFHAR

R" EOMMBIM p(-) : R™ = [1,00) KX LT,

/ ) P

T dy < o (a/\ > 0)
L2B R EOTHBY f b2 2B%EME PORM) L L, ZED/ Mok
?(v)
Ilfllp<->=inf{f\>0:/"]f§\y—) dygl}

TED S ([2, Kovitik-Rékosnik]). 12, p(z) = po(—E) D& &, [POR") =
LP(R™).
a(0<a<n)ROY—ART ¥

Uaf(@)= [ o=y iy

EEZD. ZIZIZ, fIIFEATTRIBIE TCULf £ 0o LEETS.
S ECR L BEAGCR " IZHLT, V—RZE%

Capt)(E; G) = inf fG fyyWdy

LEBETS. I, TRIZG L) € ERXHLTULf(z) 21 THBILIR
R" LOATREAYK f 0+ _TizbhoTelbhd. £k, EROFNMRKEC
ZXLT,
Ca,p(.)(E NG;G)=0
DEE, CopyFRHPELNS.
KOEEZLL MoNTWS.

DBEELT, 1/go>1/pp~a/n’2B1< g <ooiHLT,

1
lim ——
=0 IB("”O’ T‘)' B(zo,r)

Uaf(z) — Uaf(z0)IPdz =0, “m €R"\E

BEA fel®R") (1<p <o) &T5b. ZDLE, CopyBFRVEDREE

MR TIL, TEAOLBEEITS. ZORDIZ, (0,00) LOEMIEHMBBN K i
KEWMI-THDOEERD:

(k1) (log(1/t))™0k(t) iZ (0,70) L3k BIB (Pe0 > 0,0 < ro < 1/e);



(k2) limeoo k(t) 2 1.

log k(|z — y])
log(1/|z - yl)

EHETLOREERD.

(p1) |p(z) —p()l < (lz -yl < 1/e)

1/p4(z) = 1/p(z) — a/n
kL, A>nt>0,z € RPICHLT,

B 4(t,3) = {th(t™}) AP PE

ETD.

EEE p() 13, sup,cpep(z) < nfa (pl) MTLTD. Z0LE, fe
POR®) 72 bIE,

. 1 — v n
2 B Iy 1/~ O =0, n ERALR V5
ZZIT,

E, = {zeR":U,f(z) = oo},

E, {z € R": limsup / 7oPW)=n £ (4PN dy > 0}
r—=0+ JB(z,r)

Z DEEIE, Harjulehto-Hastd [3, Theorem 4.12], —#f «/KH * T4 [1, Theorem
4.5 DFEREEATVS.

¥7r, AMECHIEBICBVTRIMERD Cop ) FRBBIZRDIERHEM p()
OBHRMTT 5.

RPN

[1] T. Futamura, Y. Mizuta and T. Shimomura, Sobolev embeddings for Riesz
potential spaces of variable exponent, Math. Nachr. 279 (2006), 1463-1473.

2] O. Kovééik and J. Rékosnik, On spaces L?@ and W*#®@), Czechoslovak Math.
J. 41 (1991), 592-618.

[3] P. Harjulehto and P. Hastd, Lebesgue points in variable exponent spaces, Ann.
Acad. Sci. Fenn. Math. 29 (2004), 295-306.



1 7 Continuity properties for logarithmic potentials of
functions in Morrey spaces of variable exponent

REF R#E  ERKRFERER - EEHFRER
RERT ¥

Li(@) = | 101/l - DS )iy

REXB. ZZIZ, fITHIBIE T —co < Lf # 0o LIRET 5.
KROBERZ LN TN,

TEE A ([2, Theorem 9.1, Section 5.9]). R™ LD EATAIKLBEMK f 1%

/R,. | £(y)|(log(2 + | f(¥)]))dy < o0

EWMieT LTS ZoLE, LFIR® LERTHD.

ARETIE, EEAOEERITY. Z0diz, FRBAKEGAHDa 7 b
#£E5KIZXHLT,

K(r)={z € G:dk(z) <t}
ETB. I, bk(z) iz & K L OEREEZRT.
(0,00) EOEMEIEHEMBIS k IR ER-THLOEEZXD :

(k1) (log(1/t))~*°k(t) iZ (0,7) LFEBBEM (o > 0,0 < 1o < 1/e);
(k2) lmypeo k(t) > 1.

2T, EEEE() I,

o) =1+ M oyl <1/0)

EEZD.

0<v<n,BeRIZHLT,

)

sup 7 “(log(2+ r‘l))ﬁ 3

zeG,r>0 </GrLB(z,r)
L3 G EOTRIBEY f 0 B BKZERME POBG) L, ED I/ VA%

?(v)
dy<1

?(y)
dy<oo ((A>0)

&

IUMoMﬂ=ﬁf{A>0: sup f”&%@+T“Dﬁ/‘ X
GNB(z,r)

z€G,r>0

TE®D 3 ([1, Kovatik-Rakosnik], [4, Morrey]).



FE1.0<v<a<<niT? avJrMEKCGX
K(r)<Cr®

BT LTS, C0EE, |flhows S 172061, HBERC > 0BFELT,

sup f FOIRF @)Y= dy < Cr*(log(2 +771))
GNB(z,r)

€G>0

COERIL, v=F=0DLED 3, Lemma 24] DFERESA TV S.
0<r<1/2iZXLT,

[ og(2+ ) Pk() =% ify=0,
ka(r) = { (og(2+7~)Ph(r)"  f0<v<1,
[Hlog(2 + 7)) Pk(t) V% iy =1

ET5. EE1ZANT, ROMERT Vv VOBEBEZED.

EE2 0<v<l,v<asntTb v=00DL%,

1/2
(log(2 + t—l))—ﬁk(t)—a% <o
0
W LD, SR MERK I
K(r) < Cr®

BT ETH. ki, fe POYRN BT, HIERC >0BFELT,

ILf()— Lf(z)| < Clz — 2l"ks(lz — 21) (= — 2| <1/e)

SE W

[1] O. Kovstik and J. Rékosnik, On spaces LP®) and W*#®), Czechoslovak Math.
J. 41 (1991), 592-618.

[2] Y. Mizuta, Potential theory in Euclidean spaces, Gakkatosyo, Tokyo, 1996.

[3] Y. Mizuta, T. Ohno and T. Shimomura, Integrability of maximal functions for
generalized Lebesgue spaces with variable exponent, to appear in Math. Nachr.

[4] C. B. Morrey, On the solutions of quasi-linear elliptic partial differential equa-
tions, Trans. Amer. Math. Soc. 43 (1938), no.1, 126-166.



18 Evans RT3+ )L & Riesz 77

hH =B (BIK - BEHR)

SU4ERT Premalatha (5] 12 FE R? EOERATBIRK u 2 R? ORI h(z) & R?
£ Borel BB 1 := —Au 2 0 DRERT ‘/*/wwﬁu & LT D Riesz 2fi#

1) ) = ho)+ - [ log =—duty)
EHBRTD(BL =0y =21) BOY §+ﬁ§f¢liﬂﬁqziﬁ
m(t,u) =~ [ u(e)db(c)

€2 Jiz|=t
(L td0 1XMA |z| = t DIMER) 2> T
(2) m(t?,u) — 2m(t,u) = O(1) (t = +o0)

THDHI L ZRLT BARRDWX (1] TKitaura-Mizuta %, Euclid ZZH RY(d 2
2) LOREFFBIRK DEE ~ LD Premalatha DEEE —RLT 5 L3I, FOF
T, ;T4 D Premalatha DEBE D b D~DFIFEH % 5 X, X Premalatha DEH
DEKTLL LTRYd 2 3) DHEICRWTIX (1) %

® we) = he)+ = [ —mduty)

TEEBRAZLO ({BL, A IIRY LR, o = —Au 2 0, oy [ZEARER 0y O
(d ~ 2) i) DRI D LE+IRAEFRETII m(t,u) = (1/ca) [,,,_, u(z)dé(z) ({2
U =146 135K TE |z| = t LOER) OEET

(4) m(2t,u) — 22¢m(t,u) = O(1) (t = +o0)

ERBTLERLE.

AT TIL LFED R? £O Premalatha OFEE F8E (1] L 1IZR2 Y HRER-7-
1%, B2 Riemann BHfE M(KTd 2 2) DEAE~—RILFTERTH B = & 2L+
% (LR (1] D RY(d 2 3) i3 B Tiie < W BEIBHAEE X B). M L O Evans
He(z,y) L1, M LOXFEL (B1D e(z,y) = e(y,z)) T, e: M x M - (=00, +00]
T, e(-,y) 12 M\ {y} EBRIT, y ICERRA, M O Alexandroff Al 288
RARHOLOT, M =R 25 e(z,y) = log(1/ |z - y|) T3 (2}[35(6L(7],8]
8R). Evans B e(z,y) DEETSH o M DBV RT A (r,0) %

r = exp(—e(:,0))
df = — x de(-,0)

(5)



TE X, KRl r(z) = t > 0 LOREFEHE m(t,u) = (1/cq) fr(z)ﬂu(x)dﬁ(m) TE
22L& ROBEVBOND (4]): M LOEBEOEFAMBE wiCH LT, 4 =
—Au 20X M LD Borel BIEETH 545, u 23 M EOFAFIEEK A & 4 D Evans KT
V¥ % VIR D Riesz AR

©) u(e) = o)+ ¢ [ ele)duts) (2 €M)
AT DROLETIRMZ
) m(#,u) = 2m(t,) = O(1) (¢ = +o0)
ERDHIETHS.
A ondt, e 30) = wox | Qrge(ié, N 7(% ‘
2 R X ®
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FinlERE
VIRL I DERIZDONT

TR (RBREXRFER - HEFHREH)

1 YRL 7B

R"DRE B EOY ARV 78 ue WHY(B) = {u e L}Y(B): |Vu| € L}(B)} iz
VT, FREX

|wm—uascmqéw—ywﬂvmwuy(zem

ugz]iud;rzé/;udr
IS EHERT.

CDYVRVIBEBEORT Iy VEEND, YRV T7EBOMEERHETS L X,
U—ZARTF U VOB EZHETHILNEETHDZ BB,

MY LD, Z 2T,

2 YHRLIDER
a(0<a<n)RDOY—ART ¥t
Uaf(@) = [ l=yl s
TEHEIND. ZZIZ, fIXFAFRBEETUf £ 0 LIRETS. V—RARTV
VA NULFIZHLT, ROYRLZOEBEMLIS AL TN S,
FE 2.1 (YRL7DOEH) 1<p<oo, GCR"*FREA LT3,
(1) (YARLT7ORER) 1/pf=1/p—a/n > 0725,

1Uafllp < Clifll
T | fllp BAR=TDLP J VLT, pidpD Y RL 7B LRI S.
(2) (Trudinger DAREX) ap=n2biE,

/ exp(A(Uaf(2))P)dzr < 00,Y A > 0; B=p/(p—1)
G

(3) 0<a—n/p<1DEE, Uy fII~VEF—EHETHS :
Uaf(z) = Uaf(2)| < Clz =27 (z€G.2€0)



ap < nDEEX, —MK&IZ, V—ART VYN UfiERLIIRLLV. ap=n
DEE, & fe PR 2HHT, ROFHEEZLD :

L. Fy)(log(e + f(y)))° dy < o (1)
(1) o> nja—172bIE, U,f ITiER:
(ii) o < nfa—17261F, Uf &R &IIRSLWN
ZIT, Q) E—RELT, &
| Buoliw) dy < oc @)
REZXB. ZII, 1<p< oo, b, (r)=rPp(r) (r>0) 12 &,,0) =0T,
(p1) o IZBARKRA (0, 00) FIEMEA W .

(¥2) crp(r) S ¢(r?) Scp(r) (r>0)

3 ANILE—ERHRT

I 3.1 ((19), [20], [24]) & (2) BERT DIERTHE f R T BHRT Lo v
Unf DEFETH DO DLBETFRIEIT,

o0
/ {tap—n,\p(t)}'l/(p‘l)t_ldt < oo (3)
J1

ap>nDLE 3)AWMEND ;ap=mn, ¢(r) =logle+7)]° DL &, (3) VW7
ENDHEDDOEHEITo>n/a—-1THD.

Edmunds-Krbec [8] 1%, 5 0 < 0t LT (1) MBI f O n/p+ 1ROy
BART DY Ty EGEEERT Lz, Ny i) — AR ERRFHET
R UA—#—% 4>, Z " Edmunds-Krbec DBIFIZBEEL T, n/p<a <n/p+1
THBalRDY—ART V¥ LONVE—BEERELND.

S 3.2 (24, Theorem 3.1)) 0<a—n/p<1DEE, (2) ZHKET HHFATHIE
®,FIZRLT,

[Uaf(2) = Uaf(2)] < Crllz — 2]) (Jz—2]—0)

r (»-1)/p
) = ([ 1emretnyieeia)
0

1 (p-1)/p
+7 ( / {trmertro ()} (P'”t"dt>



EH# 3.2/%, Edmunds-Krbec [8] & Brézis-Wainger [3] DEFHEIZBET SRR E —
BILTBLDTHD. EB, a=n/p+1,p—1>072bIT,

Uaf(z) = Uaf(2)] < O(|z — 2llog(1/|z = 2|*7777)  (jz — 2| = 0)

BRBEZERA Lo v R L 7 BRI B~V A RIS BT D R RIC OV T, (25,
Hajtasz-Koskela [14] #ZB L TIZ L,

4 Trudinger DFZEHK & YRLIOFTER
BEASGCRMIZHLT,
[ Bullg) s < o0
G

L7235 G EORBAIES BN L2 5EKBEME L (G) & L,

lglle,, = llglle,,.c = inf {/\ >0: /G<I>,,'¢(|g(;z)|//\) dr < 1}
LT 5.

feL¥(G)DL &, V—ART V¥ ¥ /MIxT D Trudinger DFEXE YR LT
DFREXEHITDHZ 2 BRT. TOHDIT, 1<p<n/aDE &,

o) = | [ oty oial " 20

ETB. I, 1p+lfp=1lp=nla>1DLE,

o3(r) = [ / r{w(t)}“"/”t‘ldt] " ez

EL, te(0,2) iRLTht) = (t/2)@5(2) & LT[0, 00) LIMN72ERERIS & 72D
Lot T, %

Vpo(r) = (Yn o (<F;)_1)(T) (r>0)
TEDD. ZIIZ, ¢alr) =" THY, (o)) T DHBEEKTH D (Alberico-Cianchi
[2]). Tpo(r) 1[0, 00) EERETHY, ¥, ,(0) =0.

TE 41 (2)ap<n GCR'ZHEREELTD. |flle,, <1201, D
Eg > OMFELT

/ VU, o(e0Uaf(z)) dz < 1
G



FE 4.1 TH 413K ETRT.
Uafllepe < Cliflle,, (f€ L%+ (G))

22 | e, ey, EEERICERSNLD.

RETRIRESBE f SR LT, BRKEE Mf 2RTEDS:

1
M{f(z) =sup —— fy)l dy
fz) >0 |B(z,7)] GnB(z‘,r)| w

VRLT DEBOWRICK VT, BREHHERRRF LR, EF 41 OEH
H, V—ARF U VEBKERTIFMET 5 Hedberg [16] DFEIZESNTND.
DI, ROBEEFATS.

W4l op=n GCR'ZERELLTD. EEDe>0IZHLT, &5C >0
PEFELT

[ Bt @)y 1= ()" UaS() S OB MIENY" -

Malp=n/a>1 g<p-1EL, Dplr)=rllogle+n))TETD. g<p-1D
LE,
Wpq(r) 2 C exp(nr?/®=1-9)

LY, g=p-1DE X,
U, q(r) > Cexp(nexp(r”l))

r7 %, WwxiZ, Edmunds-Gurka-Opic [9, Theorem 4.6], (10, Theorems 3.1, 3.2] ®°
[23, Theorems A, B] TH 5N 7= Trudinger MOFREXE/ LI LB TE .

%41 ap<n GCR'EZEREARLTD. O,4(r) =rPllogle+7)? &7 5.
1) g<p—1DLE, ||flle,, <172BIT, HDeo>0RHFELT

/ {exp(eoUaf(z)?) — 1}dz < 1

I, B=p/lp—-1-4q).

2) g=p—-1D&E, ||flle,, <1725, HD e >0BHFELT
/fwMaMquuW%whugl
G

i, B=p/(p-1)



g>p—1DEE U fiXG LEHETHD (EH 3.1) .

% 4.2 (Fusco-Lions-Sbordone [11])) G C R* 2 AREE L T5H. HD o > 01X
LT,

e—0+

lim s"/ fy)"cdy =0 (4)
G
b,
/ exp(Up f(z)?) dz < oo
Je

ZZiZ, B=n/(n—-1+0).
L f(y)*log(e + f(y))]™dy < o0

BB, (4) BT I LICEETS.

& 4.3 ([23, Theorems A, B, [8]) % 4.1 ZFEFAT2DICREMAVTHIEATE
5. >0, u® G LIFATRHBKRETS. T0L &, KO2OIFE :

(1) / explAu(z)’)dz < 00, YA >0
G
1 1/q
(2) qllrg);]—l/—ﬁ (/G u(a:)qda:) =0

KDY RV IRDOAREREEBEDZENTE S:
%42 ap<nt¥3.|fls,, <1726,

[ Wal@Uaf @)Y dz<C (Ut =1/p=af)

5 JLAR—4 8
KOEFEEITIS<HLNTNA.

FE 5.1 felPRY) (1<p <o) TD. ZDLE, Cop-BEVENEE EH
FELT, 1/g21/pp—a/nieBh1<g<oollXfLT,

lim][ Uof(z) — Unf(zo)Pdz = 0, "zo € R*\ E
B(zo,r)

r—

EESIIWCEELT, EH 4.1 0KAE LT, Adams-Hurri-Syrjéanen [1, Theorem
1.6] % (26, Theorems A, Bic X 2R EIET 2701, f € L¥+(R") DU —AX
T VOEFRETERTD.



S 5.2 ([27)) I3 (2) BT ET B, 5 € R\ (B UE UE") 2513,

r—0+

lim f U, o (A|Usf(z) — Uaf(zo)]) dz =0, YA>0
B(zo,r)

txy
13
I

{zeR": - |z — y|* " fly) dy = o},

E, = {zeR":limsup roPmp(r~t)! /B( )<I>p“p(f(y)) dy > 0},

r—0

E* = {z €R":limsup r'"”_"/ ®,4(f(y)) dy > 0}
B(z,r)

r—0
BAEADKE ERPDDICKDEREERT D.
ESECR"EFEESGCRIIHLT,
Castoo(BiG) =0t | 0F )y

LESTS. i, TRIZG LT, € EIZHLTULf(z) 21 ThHHLIOI7R
R* FOEATREY f OF~TICE-TE b5, ZORBERIICMbNIZEHRE
REELRU S MBELIMEMCHETM &2 7- T (cf. Meyers [18], Mizuta [21]). ¢ =1
DEE, Cos,, ¥ Cap LES. EEOHRMER GITHLT

Cod,.(ENG;G) =0
DEE, EiX C,,,zpp&, BEREOEEG LWV, C(,,q»p,w(E) =0 &L
%51 (27) ap<n &, fR(2EWMTLE,

0+

lim 7[ U, o (AlUaf(z) = Uaf(z0)|) dz =0, YA>0, "zp € R*\ E
B(zo,r)

IIN, ap=nElit o BIEEMDL & Cue, (E)=0THY, ap <nd2pH3k
BODEE Cy (E) =0 ThD.

EE ap = n T o NFEEMOLE, B* CE, L2V, E=E,UE &&%;
ap < nD MBI DLEE, CE LY, E=E , UE* %t 5%,

% 5.2 ([26, Theorem Al]) ap = n, @(r) = (log7)%[log(e+log(e+7))]% (g1, g2 €R),
&, ,(r) =1Pp(r) & D. f713(2) et s,

1) u<p—10EE, Cos,, FENBEORANFELT, "€ R\ E, "A>0
IZxt LT,
lim {exp(A|Uaf () — Uaf(z0)|
=0+ J B(zo,r)

x(log(1 + [Uaf(x) — Uaf(zo)))?) —1}dz =0 (5)

T, fi=p/lp=1-q) Ba=aq/(p—1—aq).



2) g>p—1DL& U fIZR" BEHFTHY, Yzo e R LT,
Uaf(z)=Uaf(z0)| = o((log(1/|z—20|))*/? (log log(1/|z—=0}))"*/?)  (z — o)

q=p—10Ex, Y8 >0 (8 > 0) XL T (5) IFMYI>. XHK[] T,
Adams-Hurri-Syrjénen (X, 0< g <p—1, g@=0D L ZTOVTEwRLE TV D.

q=p-1DFEFIROLIITH/I ZLHTE D!
% 5.3 ([26, Theorem B]) ap = n, (1) = ¢p-1,4(r) = (logr)?~log(e + log(e + 7))},
O, (1) =1Pp(r) &TH. [ (2) W TLTD.

(1) g<p—1D,E, Cop,, BRNBORAVFELT, 20 € R"\E, "A>0
RLT,

Ji el (AU (5) = Uaf (@) - e}z =0
ZZig, B=p/p-1-29).

(2) q=p—1DEE, Cop,, BEVBEOEEVHFELT, "z R"\E,"A>0
X LT,

@p.e

lim {exp(exp(exp(A|Uaf(z) = Uaf (20)|%))) ~ e*}dz = 0

7=0+J B(zo,r)
Tz, B=p/lp-1).
(3) g>p—1DEE, U fIZR® EEFHETHY, Yo € RPIZHLT,

[Uaf(z) = Unf(0)| = o((log(log(1/]z — zo]))P~79/%) (2 — x0)

6 ZEEEHZL OEBEM

/ )

p(y)

S dy<oo ((A>0)

LB R EOFRIBEE f A b HEKEME FORY) L, ED/ VL%

. p(y)
|lf||p(.)=inf{/\>(]:/n ﬂX?J_) dygl}

TEH D (Orlicz [28], Kovéacik-Rakosnik [17]). #FIZ, p(z) = po(—E) D & &,
[POR?) = I9(R?). Coapey 1) —ABRET S,

Diening [6], Cruz-Uribe-Fiorenza-Neugebauer [5] (%, ZEMEEH TV ERED L
ETHRAREOREREN BT S LE2RLE




SEEE 6.1 (cf. Diening [6], Cruz-Uribe-Fiorenza-Neugebauer [5]) p(-) &

(pl) 1 < infzepn p(x) < SUPgern P(T) < 00

(p2) |p(z) — p(y)| < e /lz =9 (lz —yl < 1/e)
#3) Ip() = p0)] < oo (lul > Jal/2> /2)

T, Zokk,
1M fllpey < Cliflloc)
TOFRICEY, TEEKE LoV RL 7 EMICEWTHEBREROFREE
AU T7DEROMEIEATHZ LNRTE S ([12], (13], Diening [7]).
¥7-, FE 51128 LT, Harjulehto-Histo [15] 1%, BB p(-) 2% (p1), (p2)
BT LE, ROEBEZIEALE
S 6.2 (Harjulehto-Hasto [15]) f € LPOR™) &35, ZDLE, Cp)-BEDBF
DES ENEEL, 1/qx)>1/plz) —1/n72B5 1 < q(z) <0 lZXLT,
lim . |Usf(z) — Urf(20)|"®)dz =0, Yzo € R*\ E
0+, B(zo,r)
EE 6.2 DILREIT D I, p() i3,
alog(log(1/]z —y|)) b
4 ) — <
B4 ) =P gl 3] Toa(1/le— 4D
B2 95 (a>0,b>0).
1/p*(z) = 1/p(z) — a/n

EFBH. a>00EEa>a a=0DEEFa=0&LT, A(x)=an/p(z)? &£B<.
t>0,ze R"iZxL T,

o(t) = @(t, ) = {t(log(e + t))A@}pa)

&5,

EIE 6.3 ([22]) p() 1, sup,er~p(z) < nfa P2 (pd) BWLT ETH. ZDEE,
e PORM 2 51,
lim O(|Uaf(2) = Uaf(zo)])dz =0, Yz € R\ (B U Ey)

=0+ JB(zo,r)

—,‘,
—_—— e,

E, = {z€R":U,f(z) =00},
E, = {z € R : lim sup/ rep@)=n £ ()P W) dy > 0}
r—0+ JB(z,r)

ZOEMEIZ, Harjulehto-Hastd [15, Theorem 4.12), [12, Theorem 4.5] DFERZE
ATND,
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BE a7 (R LERENTHEENFR)

ERORTHEEE P LOBRBER F:[z:y: 2zl [fo: fi: fo] D
2R ERTS. ApeP’ N F ORERATHDI LR, G@) =(0,0,0) HD
Hpenip) THROISZETHD. BL, G G: (z,9,2) = (fo, i, f2) P
Wa Ll CP LOSEXER, midr: C*\{(0,0,0)} - P2 0EERELTD.
p BREATHD L&, Ny, FUp\ {p}) H—RiibR. L, Uy i p OfF
BOBEELTS. LoT F 3FREA p TRAEHETHS. Bi, FERKp B
pENy, FU,\ {p}) Wit L& p EAHNTRERLES LIZT D EERL
D, BERMRESIIBEREEE- TV BIY), TEADEHE L RRICERY 2%
RBENFETHILBMFEIND.

IHETABHRES p BT HERBEDHRIL, Y. Yamagishi [4], (5]
% T. C. Dinh, R. Dujardin, N. Sibony [1] HiZ &> TITbh Tz, Kb, A
HIMARES p C, F OYatfFsl JF(p) BRERZRBEENYZ b EFOHGEICD
WTHFEEFTW, B v h—AEE {1,2}N KL o TSI 6D, BES#RE
RHLY NOERTES p CBWTHEET &AL —F, AFRTIRK
DR Rp B BEOHREEZHRETD.

Definition. & p #82% #RE {W;}jes B F ICLY K p TREAMIZFTETHS
LRRD 2 FEEHTILELETD.

(1) ERIBH& &, : A, > C* T;(0) =p & &;(4,,) =W; &l T bOBHFE
T3,

(2) BEDO W; KL T, E—2D j' € J Lp ObHBREH Ny BHFEL
Fo®,(0) = p & Fo®;(A,)NNy C Vi BRILT 5. BL A, == {z € C||2| < pj}
&35,

IHRETIS, (2, 3] BT, pv b—rEE {1,2}N oBAKE JITLo
THRISMHT OIS, FES p #1858 F 12L& ) FEZ 8K {W,}jes % blow
up FAWCEE L. £, (Whjes BFER p THET S, F ILEVFER
BBREDO R CTERDETHDZEETLE. ZI T, TOXREHBREIIRESRK
KT TIERL, PLSHBERCTEESKELELI LMD, ThHDBRIZY
Yamagishi ® T. C. Dinh 6 DFERDO—RLD—DIZR2->TND T LITHERETD.



REETIE, EERLEC L, KOBE LIEFEER F OFREA (0,0) 128
B REHEBRIE (W;}jes KOVWTDERZHET S,

F(z,y) = (ax, g(_yz_;i)> . lal > 4.

B, W, OREMBEERS, W, NRRESEETHD I L Rt ERBEL
TO®EY ThH 5.

J={i=Grda-) €{1,2)" | ja =2 £725 n BHIRME]
95,

Theorem.

(1) FEEDOREINj = (j1,J2,.--) EJ X LT, HBERE ny T, FED n > nyg
LT jo=1 L R2bDMBFEEL, W; =F (W) #0 THD. B W,
XA p DRRESREL R D.

(2) jn=2 &725 n BERBEHFETILEW, =0 TH5.
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Fatou B8 DHES:

B EE RHRFRFPER)

P % n RTERFEZER, P> P ZER|E#H Tdegf =d > 2
LT5. f OFatou B8 Q i

Q:={peP" | {f}ir Hp DHDEFETERKE 2T }.

WE-TEHEEND. T —R{L LT Fatou BEBRERD L IICERT D
BRMBTZER R 6 P ~OERIE® ¢ 2 f 1IZB8T % Fatou B4 T
D &L, {flop}y PERKZRZTIEEWVI.
ZITIHRD 2ODERERT

FHE 1 S % RiemannEE L E % S OBESETH. ¢: S—E P
2 Fatou BB THNIT ¢ 13 Fatou BB ¢: S = P IZEEfIND.

EE 2 S % Riemann & L E % S OfBEERLTD. o: S P
MERIEHTH>T (S — E) M Fatou BE Q IZEEND 26T ¢(5)
LEELQIREEND.

IITEMBESTHDLIL, RIMICHRMBEKIME -0 2L D%
BLLTREINDZZEEZWD.

EFHE1IXZS—E o > 2 D337 b Riemann B~DERDOEE
BER (AF) RUETO—f&t (8K OBLUTHS. EAIIBARDSE
ELREROE#TREND.

EH1, 2 TEMN1A06A5%E1E, Forness - Sibony (Z & % Fatou
Fk453 (Fatou $R& DEHERKST) OHBITISHTE S.

LUTIZER 1 OFEHA O 2R~ 5.



X=C'—-{0} &L, m: X > P 2BRLRHELTS.

FRIEMS f:P" 5 P ML Td REKRZEXERF : C**! —
C! TFH0)={0} D2 noF|X=for £LRRDEDDBHD.

F @ Green B h 2RO EHIZED S -

h(z) = lim —log [P (2)], = € €™

j=oo dJ

FERIE#B o RoP ICHLTrod=9p &R5P:R>X % o
DY 7 RELE

i 3 FRIBH ¢: R P KOV TKROUEIIFMETH 2.

(i) ¢ X Fatou B&.

(i) BT {f7 0 p}jpo FEHE—HRIRE DT % ETe.

(iii) V25 ROBEEAT Oy :V o X M|V OERIZRY 7 FDEE,
ho®y 3B ESHFHM.

(iv) EEDE (€ R WX LT DEFEV & oV OERIRY 7 b &y
T, [HEHIZ hody =0 LRDDOBHD. .

it 4 o: R—P' % fICBT D Fatou BRLT5. ZDLE R OKF
FuU—%E R b X ~OEREH S T

X
— P7

@
NATHY, HEMHIChod =0 LARBLONFEETD. IHICERE
BE#t: T UQ1) T doy=t(1)® (yeTR) LR2LOBHD. Z
I T T, 13 R OBBESREE, U(l) BAERHE 1 OBERED 72 2 RIEH.

]
——

-
o o— o

EE1EZFTICN S MK EEELNIEEW. R=D-E &L
<HE4 ZERATRE, C! ® Buclid HE»HLBERICD - E OFE
NEMEND. Evans—Selberg DB L FE L RS OFORERZHNT
HEEA ¢ PMESHNIZ L THDH L ETT.
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FREMR LOFRENEROEFEH

nE #BR BIIERH)

nRTEFEMER B, (n>1) TERINIFRERBEE f OEAZEEICOW
T. i3 B, DHER 0B, DiZ L A ETRTDOARIZBVT admissible limit (n =1
D34 nontangential limit) 2] &) Fatou BOEER LS AN TV D,
IOBMOERIY, AREMBEEROEREDIIOI0NRARERITHB, KO
EERR Y 7o [11,[2].

TE1. {G)2,, 1 <m< +oo % 0B, DIEBORINET D, DL E, B, £OD
HREQBEEK f T, TRTO G BT HFRIZE - - EREEES

N {F@G) T <t<1}

T<1

B, E2EEOCHAARZELLOVRHFEET 5,

TOEBRIT, ARATFRIBEBOEREFHNRLT LI EIIVZRNI E X2
LTW3, FRERERIZOVTRKROERNBELN TS [2],[3].

BE2. (G}, 1<m< 400 % 8B, PERBORFIET B, ZDLE, B, 2C7
(g < +0) I DTHRERER F T, TXTD AR D HFEICE - I ERE
#4

({FtG) : T<t<1}

T<1

B, ¥REOCLEAAREZEL L OREFEET D,

INHORERIZBVWTIIERELESNARSZEAREZ () &R2-oTEY,
FRBNVEOLEDIE-o&E D LTWRWL, SEIZNLDIREEHLLERA, oF
DREEBRBLNT,

TE3. {G}1,,1<m< +oo % 0B, DEEDORFIE L, glIfEEOEEK LT
B, HGIHLTI<s(G) < gHETEEOESs(G) L. S k() <g%

J
B EBBOME (k(l),k(?),...,k(s((k))) € (2,)™ 2fEBIcEx B, Z0L
&, B, ®C (g < +00) KIDTHRERBMF T, % G BT BEBICE o1
ERELE SN, KEBERENE(),k(2),...,k(s(G)) THH s(¢) BOEEED
FAERDEREL 25 L ONRFET D,



g=1DtE, FTRTOEIZHLTs(G) =1, k(1) =1¢R225DT, ROFHH
bhd, UF1<m< +oo. g< 400 &T D

1. {G), % 0B, DEBOASIL T 5, ZD& %, By EOBFREABK f T,
TRTD (G BT BERICE - EBEE SN, ¥REOCHMARL 2D OB
T 5,

FRTOEIOVWTs(G)=9. k())=1(1<j<g LBl RORERD,

%2. (G, ® 0B, DEBOEFIET B, ZOLE, B, # CIXHIOTHRE
BB F C, TT0 GBI 3ERICE o EMEE AN, FRED gKRTE
EFARE 2D OBFET B,

INLEFNFTRER L, EE2OBEEZoTVD, SHIZFEIZONT
s(G)=1. k(1) =g L LD LROBRBFOLND,

#3. {G), 2 0B, DEEDOARFIET D, ZOLE, B, 2CIZD OTHRE
BB F T, T_T0 GBI 2 EEBITE - EMELE S, FRIED g KT
BB LONREET D,
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299  Stein ZRI- &+ 3 HEEELUEE
ReTHE 2k

BREMITONIPH I >E 2 TH L RETS. BEREM X 0=y MEE
KizxtL, &£4&

aKx=Rx:={xe X|EBD fe O(X) IZH L f(x) € f(K)}

EKOXIZBT2REBREMM L L5 (Hirschowitz {6, p. 49], Lupacciolu [7],
Abe-Furushima [3], Abell,2]).

—MRIZ, G % Picard B Pic(X) DO ¥ELT5H. X D,y MEAKITHL,
LeG, seT(X,0(L), A={s=0}, AnK=9¢ &H7-T AEDELE% F¥(G,K)
LEQLE, £5 _
Kxe= [ X\A4
Ae#(G,K)

ZKOXITBITS GIZEATS (—Rfbahi) HBREMEL L85
1. Pic(X) DEfrx% 1x L E&TIT, HKX=I?X,{11X}-

BRZEM X OEFTHIES A1, X TH (nowheredense) >0 N(S£)=A% %
YT X LOBEEATTVE S BEFEETDH L&, X OBME (hypersurface)
Lriha., Xoarv Ry MESKITHL,

wWKx:={xeX| X DEBOBHEE AITH L xc AR2DIT AnK # ¢}
& &< (Hirschowitz [6, p. 50]).

W2 X ZAMURE bRV Stein BEHL T2, oLk, XDEEDa VA
7 MEE KITH L, pKx=Kx pictx)-

E3 X DBAMLAZ SR Stein ZRD & %, X OEEDa 7 MEEKIZ
U, hKxcuKx BEYVID. X B Stein BIEED L &, X OEBDO LY
FMEE KIZH LT 4Ky = gKx BERYVMDZ L1, Hom(H(X,Z),Z)=0 L[
fETH 2 (Coltoiu [4]).

4. X ZILRE B0 Stein Z/, G % Pic(X) OWA¥EEL TS,
DEE, RO2EHIFETHS.

1) XDEED= ) MESKIZHL, LG,K#0.
2 X 0EEoEx =7 FERES DAL, Lip=1p 723 Le G BEFE
T3.

*T 862-0976 RERTTLEATF 4-24-1 BAKFEELITFRERN




5. FiziT, X:=C*'xC*' cCLA={zw) | z=w'} DL & ERFADEDS
X J:UDIEEIJEﬁﬁ% L &fh‘f, K:= {IZI = lw, =1} ‘:OL\T, KX,{L"I‘VEN} =X
(Stein [8] DH1) .

Stein ZIZIVVT, KROFEEELERNKY LD, Thid Weil-FOFEIT
PEBO—RILTHD.

THE 6. X % Stein ZZ/, G % Pic(X) OHWI¥H, K& Kxg=KR5 XD
aynRy MEELTR. IoLkE, EED e OK) L e>0IZXL, LeG
L f,geTX,0L) BHEELT, £8 {g=0} 1T X TH, KETg#0, »>

lo-(f/8)lx<e

# 7 ([2, Theorem 11]). X % Stein 2=/, K% yKx=K7R23d X DO=a 7 +ME
BLTB ZorE EEDpelOK) Le>0itx L, ERIBE¥ f,ge O(X) 2
FELT, £8{g=0XX TH, KLETg#052|o—(f/g)|c<e

% 8 (cf. Nguyen [5, Lemma 2.2]). X % Stein Z4&{& S DBAES, K% yKx=K
RBEXDary MEGLTH, ZDLE, EBOD peOK) L e>0ITHL,
[ EeOCX)BHEELT, KETg#022 |o-(f/g)lc<e

% 9 (cf. Hirschowitz [6, Théorgme 2]). X I A% 772V Stein E/], K %
WKx=KR2BXDary rEGLTH. Zolkix, REDpeOK) Le>0
XL, AEEEKhe M X)NOK) BHEELT, |p-h| <
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23 BMUOVEHEEE LR E  DERIZ DT
BT ER 3%

BRZEMIRICEN P SE 2 TR RET . BREMX 0= MRE
KizoWnT, #£4

Rx={xe X|EED fe 60 XL f(x) e f(K)}

PKOXICBT2HBEM# (meromorphically convexhull) & k.5, #HRZE
B X OB%4 D AWEE 6(X)-n (meromorphically £(X)-convex) &iX, D
HNOEED=2 7 MEEKICHL, #E& KxnD R bRILTHS.

FE 1. C" OBRES D itoWVT, HER 6(C")-th & HEM (rationally convex).
EHE 2 ((1]). Stein £k X OBAKLE D IZOWVWT, RO 2R HFIIRETHS.

) DRABB OX)-LTHS.
2) DixStein TH Y, M EBD e OD), 237 MEEKcD, e>0iZx
L, feOX) & ge Ac(X) BFHEL T, K LT g#05 |lo-(f/g)|x <e

BRZEM X OPMEA DIZHOWVT, fel(X), geAcX), »> D ETg#0722%
h=(f/g)|lp £tk%* 2x(D) TET.

@8 3 ([3]). Stein Z2[ X OB E Do\ T, RO 2HXHIIFAETH 5.

(1) Dt 2x(D)-t4TH 3.
(2) DixStein THY, HOEED e 6(D), 2737 MEEG KD, e>01Tx
L, feOX) & ge Ac(X) BEFELT, D LTg#0%52 |- (f/g)lc<e

RKiZ Runge DHEEELIEE DL TH S (cf. Behnke-Stein [4, Satz 13]).

B 4 (3]). D % 1K Stein ZM X OBRE L T5. EBD e O(D), a1
7 MEEKcD, e>0i/L, me4(X)NnOD) BFELT, |p-m|<e.

—fxic, EREM X OMBEE DI, 2x(D)-2HiIEHEN 0(X)-hTH B A,
X HIEEAY Stein ZRIDBAITREL TH, dimX =220 L &, MITIEL SRV,

B 5 ([3]). C” OBAKE DIZHOVWT, ROAEBMRMBKY LD, £, n220
EER, VRO ‘=" BRI Y RV,

zExm S 20)m 2 90m)-m 2 mEn £ stein
* T 862-0976 MBAFTLHF 4-24-1 BAKEE LR IREER




7272 L, R(D):=C(z1,22,...,25) N OD).
BB LRV (n=2DFE).

(1) Hartogs D =A D:={(z),22) | 121l <|zz] < 1}. Nishino [5, 6] DH.

(2) D:=C2\S, Si%C? DBEEEBEA I il .

(3) D:=C*xC\S, S:={(z1,22) |22 =€/}
D:=(AxC')u((C\‘A‘)xc), A:={zeCllzl<1}.

(4) Stein [8) DF. Oka [7]) DFI. Wermer [9] DH.

EE 6 ([2]). Stein 2] X DBIELE DIz H>WT, RO 2E&HIIRETSH 5.

(1) DIAHBER 6(X)-1THB.
(2) % Dy 28 2x(Dy)-9ThH 5 X 572 X OBAKE OBBMBMF (D, BFFE
LT, DiZEOBRTHS.

TEE7(2). C" D (ERR) BES DIZOVT, RO 2 &4IRETHST.

(1) DRAELTHS.
(2) % Dy 23 Z(D,)-hTh2 & 572 C" O (EfE72) BRIRE DEIENF Dy},
DEFEELT, DIZEOERTHD.
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C-eB%Z+2U—< UEMERLLEE C-EHZH D 2 RTHRA.

]I E (BERRXEEFHRREER)

BELM [T) CHOLNERE, C-ERMFEORATERL, UTOBRBELNL
DTHET 5,

TH  (X,0) ¥ 2KRTERBRALT D, Oxo 2EDRFARE L, mx, EBRAT
TNAETD, hemx, B perfect power L& L, g € my, BEEL. f=4'(£22) L
BT LLEERT D,

BE [T) ITB VTR ER L,

TE (X,0) Z2KTEHRFREAL L. h € mx, % perfect power TTIZRV LT
B, torE, BLK®: S — A L, BEAMEHE T (X,E) — (X,0) T(X,E) C
(S,5upp(S,)) 2. Bl = for BT LONFEET B,

ERERO C-ERE OBENREY SISO L2 RET B, £, C-1ERAMTEIBLE
DEHRYEZX3,

EE DS — A EREEROBLKELTZ (BIL, SiIIERME,. @ IXERER
B, ARERFROEA0EPLETIRAR. RRUADRDT 7 A4 "—idfEle
DavAy ) =< E, BADOT7 74 XA—IHEREAEFEL I D237 PERMR),
effective RIERIZR2VEM 0 : C* xS > S &b b, teC* pe SixL, d(t-P)=t¢d(p)
BT & CERZ b0 (REERD) BILKR, F72id. C-pencil &5, 7272
L. t-P:=o0(t,p)

FTEEL (X, 0) 2 C-ERELO2KRTHKEAL L, 7: (X,E) — (X,0) £ C*-{F
REbORBRAME LTS, (X,0) OREMET 74 B Ry 2L 5, %=, F€ Ry
i< perfect power TL TIFRV &5, ZDE &, C*-pencil ®: 5 — C T, C-{EHH&
DEB/TEX bNA2ROREFHE T LORLOBFETS :

(X,E) <  (S,supp(S,)).
For |7

MDA [T] DA TIE (X, 0) DHRAMBZEMIC, FYRAEIOKEFER
ROBRAMHEZEMZIEY AhEBLEOLER S 28R Lz, T L., EEE1
TidHB3737 + Riemann @ ED PL-ROLZEM S L 2 LOB L LA BEEEK F
23, SEOC BT AEESEE Tu—T v/ LTWE S L L, FhkEiTF %5
ELFF T2, SOBEERRAFD%KkE, S\D LIZFA2HIBRLIEbDOE O L LTHE



RaEh?d, 2OLSIZLTHERELEZS L F2, EEHE 1 OMESF>Z & % Pinkham
HREZRWVWTRT,

C*EAZRE O 2RTBBREADKERAMHE T, FINEGOERFE T 7HKRDOLD
2 OBTEET B Z & % Orlik-Wagreich 2378 L7z,

Eiq By
G -G
0
O.

(el

Exa1 cee Exr,

T 0EE . TORERAOMTEEIX. PZRB 237 F Riemann | E, & E, D
BER, RUE, L BEDOREE,NE;1  (i=1, - k) DTS Z>TREDS Z L2 H.
Pinkham 477 L, = ORRADRKMET 74V B Rx1E Rx ~ 5% H(E,, O, (DW)t*.
DE3RBILERLE, £EL, D = kN* - é{ed_’“}p Ni=Ng x t15.

FEE2. (1) C-EA% b0/ | Riemann EOBLKILES AR C-Ta—7 v
TEFIERRT 7 A —IEBOERFE TS5 7 L2 5,

ZORRT, HREAOHAE LAKLREERT DW B2 Exbh5, Zh%, Pinkham-
Demazure AF &V 5,

(2) C*-#EA%Z b oD% | Riemann E@OBLIKIX, FE 7 7 A 73— numerical
724%ftk & . Pinkham-Demazure Data THFTRIIZZ £ 5,

(38)®:S — A & C-{EB% b o= /%7 | Riemann @DiE{tiK, D % Pinkham-
Demazure BF & 45 & &, 5%] C-3* = @ H(E,, Og, (DW)t,

=0
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25 An intrinsic characterization
of the unit polydisc

Akio Kodama (Kanazawa Univ.)

Satoru Shimizu (Tohoku Univ.)

In 1907, it was shown by Poincaré that the Riemann mapping theorem does
not hold in the higher dimensional case. In fact, he proved that there exists no
biholomorphic mapping from the unit polydisc A% onto the unit ball B? in C?
by comparing carefully the topological structures of the isotropy subgroups
of Aut(A?) and Aut(B?) at the origin o of C2. In view of this fact, for a
given complex manifold M, it seems to be an important problem to bring out
some complex analytic nature of M under some topological conditions on the
holomorphic automorphism group Aut(M), equipped with the compact-open

topology. In connection with this, we would like to study the following:

Question. Let M and N be connected complex manifolds and assume that
their holomorphic automorphism groups Aut(M) and Aut(N) are isomorphic
as topological groups. Then is M biholomorphically equivalent to N ?

Recall that there exist bounded domains D;, Ds in C™ such that D, is
not biholomorphically equivalent to Dy, and further, the only holomorphic au-
tomorphism of D; is the identity for j = 1,2. Thus, the answer to this last
question is negative, in general. However, there already exist several articles
solving this question affirmatively in the case where the manifolds M or N
are some special domains in C"; for instance, Isaev-Kruzhilin [4], Isaev [3],
Kodama-Shimizu [6], [7] and Byun-Kodama-Shimizu [2]. In particular, as an
application of their classification theorem obtained in [4] for complex manifolds

of dimension n admitting effective actions of the unitary group U(n), Isaev



showed in [3] that if the holomorphic automorphism group Aut(M) of a con-
nected complex manifold M of dimension n is isomorphic to the holomorphic
automorhism group Aut(B™) of the unit ball B™ in C™ as topological groups,
then M is biholomorphically equivalent to B™. In view of this, it would be
naturally expected that exactly the same conclusion is also valid for the unit
polydisc A™ in C*. This cannot be clarified in full generality at this moment.
However, under some suitable condition on the manifold M, we can establish

the following intrinsic characterization of the unit polydisc as our main result:

Theorem. Let M be a connected complezx manifold of dimension n that
is holomorphically separable and admits a smooth envelope of holomorphy. As-
sume that Aut(M) is isomorphic to Aut(A™) as topological groups. Then M is
biholomorphically equivalent to A™.

Let D be an arbitrary domain in C*. Then it is well-known that D admits

a smooth envelope of holomorphy. Consequently, we obtain the following:

Corollary. Let M be a connected Stein manifold of dimension n or a
domain in C*. Assume that Aut(M) is isomorphic to Aut(A™) as topological
groups. Then M is biholomorphically equivalent to A™.

Our proof of the Theorem is based on three main facts: a well-known fact
on torus actions on complex manifolds due to Barrett-Bedford-Dadok [1], an
important fact on homogeneous hyperbolic manifolds by Nakajima [8] and some
fact on the relationship between boundedness and hyperbolicity in the category

of circular domains in C" due to Kodama [5).

References: [1] Math. Z. 202 (1989), 65-82. [2] Forum Math. 18 (2006),
983-1009. [3] J. Geom. Anal. 14 (2004), 697-700. [4] Canad. J. Math. 54
(2002), 1254-1279. [5] Proc. Japan Acad. 58 (1982), 227-230. [6] Osaka J.
Math. 41 (2004), 85-95. [7] J. Math. Soc. Japan 58 (2006), 643-663. [8] J.
Math. Kyoto Univ. 25 (1985), 269-291.
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HLEE ) . (BoRBBE143) B3>0 MEAGIES
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Lotk Xotkb ) ras | ot SRREMOREEH L (e 3 ) 1AERMTS
Wz, 240 e TRy,

%320.2. (cf [0-4]) DCM 24Ran(wka) 1Thas)n
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iiﬁ‘% I AL w{

KRR (orgase)

BEWELD LeviFBio v, H. Grauert (:8% > FofsRakkat) < o3,
E32 0.1, FRBROABRGENLTH,

Lz T alE R M Lt CHroRiBa@E 15 R « 3 238340 >/ &
CRAE D 2% 25, Do s 5 vid, DofA80Dao SRS & w iy
12 EQVEPAERE <P L T RE 2¥ 5 2 e kv . wwbr 2l Dalg-aDo
REBI 9 o LeviTH 309 & Kerdp <#IF&LE o2 3D o R x CEZETH
3. D xTHRELTH e wD) 2L, DoafRBIO Uh2e1d aD 4 wib
X BB e THBETAH, 039/ Kerdp 4 3D Eva v 25X HETHD
v3 DR TE W),

[D-0] kBuwi > XofRRTINE,

I 0.2, dimM=2, 9D SERMETHIERD, hofuc e (&
CIREOTHBCTA, 2ord X0x 9D B THRSILTDRERDTHA,

2 REy 3D 0 BRM BT 72 LIRERE Tan ) s kx5 > ¥ofeRt
15t

%3211, (. [0]) dmM=2, DM, 3D 12 KAEHH

THHYRO B2 1 ECREIDTHa LT3, 2or3 MaERTIERIC
AR L. DIENSTHa,



zrus ), (R 0.10 S<oshBRTns ) LRIALATRROAEBIT
ML W TFo &) IR T2 2e 0T34,

3811 0k MurautodsshEmniEsks, DcM, aD
ARBHEY T H RO . Lol Levi PETIRBWE DR, 2L oD IFR T2,

2L ADAHRDT#, T, K50 93¢ | Kerdp 48 D Lk 0 THBLE,
oD LeviFIBrHpewm,
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Hopf Z#R&EOEEMREIKIZ W T

Ly o f#sk

<
n>1IRBERY c(i=1,...,n)RcgeC, |a$#l1LTd (€)=
Cr\{0} ¢&E. 2R z=(21,...,28), w=(wy,...,wy,) € (C*)* ITHLT,
FIE B4R

z~w iff Jk€Z st wi=cry (i=1,...,n)

EAND. ZOLE,

Hn :=(C")*/ ~
X nkTar 7 FERELRRY, (a,...,cq) ICB8T D Hopf B4Rk L FHI
n3 n=10LE, BEOBER—KRTDOF—FRAT, TH5.

€1 = ... = co(= c) L2 DHBIDEHE D Hopf 4k H, % c [T 8%
Hopf 4R L FETR, Ha(c) LB Z LT 3. ZOHBAIR, BRARKE

72 € Holc) = [2] € PP
KEZBR, 7))~ T, V( € P! Tha.
FRETIX, ARESREOBERLEO UVBEEEAVT, KERT:

BE 1. Hopf 4 H, TO CY KOEBRTHENEMREKL D 135
—SERTHS.

TE 2. %3 Hopf 1k H,(c) TO C? &OHER CHEENIBENRER
D % Stein SR TRWVWHDIXROFIZBRS : P! TO C? ROFATHE
7z Stein ﬁiﬁ Dy ﬁgﬁE LTD= ?F_I(Do) ThHab.






Y hIlEE

FEARABONFIESEE,
HEORVWARBERERICONT

B FA (AKX - %8, $ERIFRE (PD))
(BHET R (&K - BT & DEFABRE AL

BE. B L2SHA RETH 535 REEIZ, Harish-Chandra E£3] &
I S IREN R A RRARERY b 2. 4, R. Penney CFF GRS
Bergman £%% AV T, Harish-Chandra 8% —fx0EEH RABIZILE
L7z, REBETH, ZOFRERERN Xu Yichao D EFE L7~ Bergman
B —%7T5Z %Y. Bergman 5413, S. Bergman HER L
RFECR/NURICEE L TV, NEMRERFBRELLOTV. &5,
Bergman BEf2% & 5D Kihler ZREICHRII— ML TE D Z L bRT
(—#% Bergman Bg). T EAWV 23 &, BREOEHE L= “BREWMER
DE L, “FEARFEROEE Kihler FHBIZ(TH T 5 —A% Bergman E§
DR LR XD ZENTE, TOMMIZ L » THHE REEAEET T o
DEVWSIHEEREOERY, MRLHETEVRIDIENTE S,

1. Fr

AEETHE, SFEHERERIIMEORWEREEER L2 E L 3RAAZIZHONT
BELLEW., TITEHEARERE X, FREED cCVN T, DOERIAES
FHEEGR LR S8 (BMRKTT Lie #TH D) BHEBHIZEAL TS LD EWN
5. e, ERBEMAMHFTH D L 1T, BROZFAICH L TENZIMMEEA L
THEIORMB2OERBECRBERNEET D Z L ThHd. IHERERIT
Bergman F&IZEL T, 3= /32 8 Hermite RHLEM L2 5. 28, &
BEREIIEE THD.

BEOBEY, —RITTiX Riemann PEBRERIZL Y, CL2E L BRI EER
REEIT T AT, B ARICERIRMETH D, ZOBEER, “BAUMKRI—KT
DERARBRED EENR ERERERZ2EZXTVWA"LIRZXD I ENTE S,
70, BATAKRIZ Cayley BHICE - THARLBLEETFEmEENES.

BIABRIIHHER TH 2020, —REOFEFAFRIXNHFTH B, C?,C3
TiX E. Cartan % HARBHEDEL, ThOoBNL2THHER THEI L %
AL 2. L L4ARTUETIRFERNFREHARBESFEL, Lb, %
RERBRDO I FAOPTHHRLOOBHERITHHTHLZ EBHHAL TV S,
KB, XA RAEROERIRAMAEII S RTICHARE UATEE LRV, 7RTUU
LTI, FAHRREERRFARRO NI EGERBESH 5.

E. Cartan ®% 5> — DO EERHH L, FHAOIED L2 M Hermite RF
EHAAREESE LTERLEZETH D, FI4RIEI L T, Harish-Chandra
DEHABLED T, 2B AV Lie B FETHARAERER2 5 2 /-

'E-mail: kai@math.kyushu-u.ac.jp




[5). ThhSH, FETa> /35 BB Hermite SFFZERID Harish-Chandra 525 &
BNhTWaEDTH 3. AEOMHERBEKIEIED /37 M Hermite RFFZE
RiTdh 5H 5, Harish-Chandra SEFRIZNFAE RRED ML B FREEE
BEEX T3 EENTHZ LW SBHEIZLAHID, FX#BRICERDHZ L
DEZEIFZ2 51, 199240 Mok & Tsai DIEHE 1] HH 3. Thid, “F 7
2 DLE DB E iV RIS OA RRIEER T /& & DI3, Harish-Chandra
ERET I 7AVEBRTELELDIBE LWV HRTHS.

T RO SEARRER, FETFEOBRITILTH SFH Siegel MRIKIC
FRIEWHTHS. FH Siegel FBHKIT 774 VEERE, KWOBS2HBEHTHD,
FEAREEROEENR AR BEEEREE XA TVW5. X AREEOE S
IZi3, Harish-Chandra £ % XH#5 Siegel TEIHICE T Cayley Z#iAHY Kordnyi &
Wolf IZ& 2 TEBENTWV 3 [8). Fhid, IS THEFE%Z Riemann K
HRICE LTk ¥, —XTTD Cayley Z#iH Riemann BREIA T 7 /2 [EHRIC
HISLTVB LWV BEERR Lie HAMICERTICHIRLIELDTHS.

IENF A EEERBEHOB AT, BENTERREERRZFELEVTHS
5 LEZLNTEN. LI, BENELDOHN—BNICEET 5 LWV RRIZE
iV, LA L, HEOBVWERBEERMEET S5 L EVI T LA, R
Penney A FEREKIC X > THALICHER TNz, Penney (& Harish-Chandra %
RoOEsY, BREFETVLLER TSI LICE>TEFEGBEIHERTES
LERUIZ(17). 1z, FH Siegel FBEERK OB RBHERICE§ EB%Z Cayley
THEMEAT. Thid, EEIRIABAICE Kordnyi & Wolf O Cayley &
B (OWER) L KT 5. EHFNEKIZ, FH Siegel IO Laplace-Beltrami
{EF % & Berezin ZHOAMRENFI 2 & OZREBITIT 5 T & 258 L 72RRIC
[12], ZOAHEZZTRICERBEHERVPERICENS L 2RADT, ZThD
Penney D& D & —BT % T LICKff Tz, Thid Bergman K ITREL TER
INBEDTH oD, BRIKIE Szegd BKICITHET % Cayley B ERL, T
% [16) TREMICER L. E56I, ThETDREE, FH Siegel MED
Cayley B# DK EE LT [15].

HEZE T D Cayley ZTHDIER VT, T DHBROMMEIC K > THHF Siegel 8
AR 72 [7). X5 Siegel FRIED Cayley DT H % Harish-Chandra
EROMMEDEEMIZ, Mok & Tsai DHBTREEN TS L, LW 5]
LR LM S VS BEREEMEUM K VI EHRE, ThE &, Hik
HEO. L LEAS, 55 Siegel FRIED Cayley BHDBEN LD K 5 726 FAESE
EREEZTVED, ThbE, ZhOEDAENEERMIN VS T 2EAR
BAEEETH-o

ZDX I RMOBP T, HiFE & AR K& OHEEPFIC K > T, Xu Yichao
h Bergman B§7x 5 HFMREERZ 1980 FEEICER L TV T LD D [18],
Z1H Bergman KICATRET % Cayley ZHUC—B9 5 T LA¥BAL 7. Bergman
EflE, Bergman &E2RWV TR ICBREE TERTE, FEERRKDOMDIE
HIFEB 5 Bergman BARDGOA TRI= X )V ARBHICEZEED, EL
WEEER ED (§2). FNEF TR L, Xu A Bergman B§ZERER LB, S.
Bergman MEEE L 1 RE RSO/ NMESICHZE L THD (1), EBRIC Bergman
BHIZZFNODEEESZTVNA I D, BLOHEFAAZ THEINTNS. K
FES L, BRITOBEE ST B0, B ERIREREOREKTZE
UCHETEWTERINZLDOTH Y, FE/MERE, FiD Euclid 4A#%Z 5




BEHETRINITZEDTHS. TOXS AEHEOMEZERANEZ LICEST,
Bergman B, N & —J %, Bergman KIC(THET % Cayley B DD
NIERZ RO S MC 2 B RTEEMED B 5 (BRI NRIBICEIT 55 L
W bk, AREHER S TERBETETOW RN HEL T ENTERND, #
WTIITEARRZFBF/L LIV, Tz, BEEMGER L2 MHEIC X 2588070
FH L, Mok & Tsai DHFICHEL THRIBES N 2ME “WEEHEE RN
BUI TR ? B RBIR T 5 FE- %, Bermgan BN 5 X 20[REM L H 5 (85).

T SICHLZ DHBEAFEIC K > T, Bergman BEffx, HHEHART Vvl 2L
D& 5 7% Kihler SRAEICBRICHIRTE 5 LML ST (83). Thxz
—fi% Bergman B &R, 3 Kahler HHAE L TFHERBEEE L5 L2
RDOEFENMEOENS (§84): “FH Siegel KD Cayley BHDEKIX, FEEHRH
HDOEHE Kahler SIRICIHEL TEBE TN 3% Bergman BERDEKETH5.” T
NCE-> T, BEBFOTBIIRD K S RERZFICEVHRZIONS: “D2FH
BAREEE U, h2ZDEDEHE Kihler 5B LT 5. DL E, hIC(IRET 5—
f% Bergman Bf§ o D o"(D) BT H 3 =D DRB+REMZ, D BT
HY, "D hH Bergman AT BOEDERE LT >TNWAHI L THB.”

—f% Bergman BB RT VI ¥ IVOWMOAIKST, fBICK->TRES
DT, Kéhler ZREADEERZFSHNDETRRLTVB EEXLNS. LML,
Kihler ZRADERN ENL SWVRICRT 50, &0 - IR SRORE
TH5 (§5). SHERBEEHOBAOWED kD T, —ff Bergman EENTE
BIEFIEV Y S5 AD Kihler SRKICHT L THEREBETH S T L 2RI NS,
MEZED TN FETHS.

2. Xu @ BERGMAN B

9, EBHNIERICHEE T Xu O Bergman EFEHNSLR TN &ICLEKS.
D c CN »EFREEICERIRMERMEEK L 9 5. DI Bergman #%%Z2 6005, T
N%ZKp:DxD— CTEY. z€ DICHF? Bergman itBZEXT IEEME
Hermite 175% Tp(z) £ &K

2
Eﬁjazk

e DITHL, K(2) := Kp(¢,2) (z € D) LEET B L, Kp) dREAIBHTS
%.pe D &9 3. Bergman Bffo,: D - CN ZROK I ICEET %:

Tp(z)jk := log Kp(z,2) (1<j,k<N).

-1 Kj(p)
=T ad- | D € D).
ap(() D(p) 2 gradsz log Kg(p) (C )
T T T, RIERIBEEK f(2) (z € D)ICXE L, grad; f(p) := t(g_z-e(p), e %(p)) &
B SN 0, RIFRITHS. L L—IRIC 0, IZBIHTH % LIRS &N
L, 80,(D) BERTHZHES HELHLIIL.

2Dorfmeister & PEMYKIC & B XRDOEXRERICL - T, FH Kihler THRED I S AICE
FAERERBEHSOMBMIIERTE S “EEOFHE Kihler ZRFIE, SEARBHEZE
Zef 2 U, TR K Kahler B4 L BB T30 Mr%H Kihler SREDEMRZ T 7
ANR=LFBERT 7 A N—ROMEE & D (HRSKKL LT, ThE3DOEREES)”



A D' cCNA D EEFERIAETHZ L L, ERIEMEES®2 oD S5 D T
%. ald Bergman FTEICEHL TERETHSHN 5,

Tp(p) = J(a,p) Tp(a(p))J (e, p)
ML 5. 72720, J(a,p) & plcBiF % o DIER Jacobi 175 THS. £- T,
L(a,p) == Tp/(e(p))"*(J (e, p)") T (p) "

CREZETNZ, Lia,p) B2 VT TH 5. BEZFRICEK>T, RO LM
bhs:

#WHE 21. D M‘ib'c alp) KBVWTEEL

Bergman E§7% o/, Ti'ﬁ‘ L, D——1D
op O l”; »
(p)oa_L(a,p)oap lN Lap) N()
WEIZd 5. O CN—C

Tixbb, FEEOMOEAFMEERD, BOF TR LT NS, KRB D
HWEEE5E, pp € DISHLTo,(D) L opy(D) 3L=ZVAMETHZH 5,
BORIERENCED SRV, TDLEEHIC, RO EHGEHATE %!

TR 2.2 (Xu). D CCN W EHEERBHTHSDLTS. COLEEREDpe D
LT, 0, & D% BHF B o,(D) ICIERIAMICETY. D

. Riemann OEZ{EH LD, FELO=DD@EMIZBEWICEAIFRMETHS. »
THOBAEDL, 0,(D) IF¥EE V2 ORIMARE 5.

o DEHAIAR {z € C||z] <1} £9 5. Bergman &id Kp((,2) = 1/7(1 -
@) TEABN, LlogKS(2) = 2(1 - (2)1, Tolz) = 2(1 - o) &
5. XoTpeDITHL,

11— |p|2 B 2p _ \/§(C—P)
ap(¢) = /2 (1_54‘ 1—|p|2)_ 1-p¢

o D% F¥FHE {2 € C| Sz > 0}ic & %. Bergman #%id Kp((,2) = 1(532)2
'(‘“35'9,6210ch() Cz’TD() 2(5E)tkixB. J:')"CpeDki’TL

)= (5 ) = VEh

o DEHRMEH{zeC|-1<Rz<1}ITLB.

Kp(¢, z) = (16 cos®(r(¢ + 2)/4)) ",
2 1og K5 (2) = Ztan(n(¢ +2)/4), Tp(z) = n*(8cos’(n(z +2)/4))™

ki3 KoTpeDIIHL,
7p(¢) = V2 cos(m(p + p)/4){tan(n (¢ + P)/4) — tan((p + P)/4)}.




3. —f% BERGMAN Ef%
Bergman BRIERDEHICLT, BRIC—MLENSE. (M,h) &2 N RTD
Kiahler ZRAE U, XOK S B¢ M x M - CHEHET B EIRET %:

(i) Y BRI LCER, S ERCBELTREATH S,
(i) B 2 € M T, FRIRFEE (zl, 2y KL TRO K 5 ICEE B

Z 6z] ¥(z, z)dz;dZy.

T D& 5 5E# ¢ % Kahler ﬁ%h@ﬁ?)zﬂb&kﬁﬁé«“t g3 . (eM
WXL, RIERIBEE v : M — C 2 ¢(2) :=9((,2) TEEBTS. pe M T 5.
—#& Bergman Effo} : M — MOV ERDE S ICEBENS:

0p(Q) =3 (n) O (p) (€M)
BSDIC ok BERITHD. of ik p e M DRUHDRMKEFL, RT V¥ vl
BOEmDH Ak bix. $ab5, ROT LAREATE 3:
@8 3.1. Y M x M - C% Kihler 3B h OXT VT v UKTHE LTS,
TDELE, (2z) = 0W(2) ((,z€ M). O

& 5 —D Kahler EH&E (M, V) D55 L L, FRAEREEES: M S M
DEETDHELED. v BIIERTILICES>T, W ORT v )Lk 21F
BT ENTES:

V' (21, 22) = V(a(21), o(22)) (21,20 € M').

pi=al(p) &BL. MIZHLT P KBV TERELZ—H] Bergman BEff7%
o M - TM"Y TRTTLICLED.

#HE 3.2. AORRIAHBTHS. §hdbb, )
a*ocr;‘oa=az',’," Af

M
O laﬁ

T‘M 10,1) _o” T*M(O 1)
TMOY, MY ZNE b, I A 5FHEBENS Hermite FHBREANGD £, o
BRa=2VEKLES.

§4 T L BB, BREKDESE L 7= FH Siegel KD Cayley ZHODIE
&, FH Siegel "Eﬁ@%?ﬁ Kéhler 3t8h 5E&H T N5 Bergman BRDK
EEZBTLNTES. &0,

iff 3.3. D EEEERBEHL L, h % D LOEHE Kihler 5TBL T 5. £ED
peED%®L% TNDE&¥E, —fif Bergman Eff o’ i3 D % AR BRI 0, (D) ICIER
EARICET

CNEBEZ DL, BEEMNIIIA L -HFE Siegel FRIBORHATIIEHIE, XD
LI, B LT WEREFICENRZI 5N S:

MRIIY 5. O



FE 3.4. DEEHEERBHE L, h % D LOEH Kihler 3B L9 %. £EIC
peDZtB. TDLE,

h {1 o D AHHFF,
% (D) PHTHS = { o h 7 Bergman FHROEDELIE.

4. FY SiEGEL M D CavyLEY B D% L —f% BERGMAN B4

X9 Siegel BEODEZBEHRL LS. VERBBRTOENY MIVERE L,
ZOHRICERESERVHAM#EQNEISNTNELTS. W=V (VOB
FEANT PIVERE) £BL. 50 LDRID, BRERTOEENY MIVER U M
EZ6NT\%E9%. Hermite BIRQ : U x U —» W (SB—ERICBIL THER
R ECARICE L TERRBELT2) D QEEETH I LT3 (THITERE
EEORRTILTH S ):

Vue U\{0}, Q(u,u) e\ {0}.
T D& E, Siegel $EE D BRDE S ICEHRINS:
D :={(u,w) €U xW | Rw — ;Q(u,u) € Q}. (4.1)

COEIICEKRTIE, F¥FFEE TR A SAEFEE L UT Siegel HEZ ESE
T3 (LBAAEENICAENZENVIZEY). URU = {0} TH>TEXLW.
COELEQHEMEEAD, D=0+iVDELES. ThEEREE (X/2EE
1 & Siegel fRIE) &FEX.

fl.

o V:=R,Q:=Ry D& ¥, BRFEK D = Q+4V ITEHEFH {R2 > 0} Itz
57z,

e V := Sym(n,R),Q := Sym(n,R)* (n RDIEEBEEMNFITH ORI H#) D&
& EREEE D = Q+ 1V & Siegel L¥FH (T T TIREFFHEHTHASH) &
3N % & Y7 Hermite NI TH 5. DI Cayley ZEHE

wis (W= E)w+E)" (En i n RO

K& 2T, {wllop < 1} (JJw]lop t& w & C LOEHERR L BT & EDIEH
£/I)VL) LERIFRIETH 5.

oV = R,Q = R>0,U = CN—I,Q(ul,Uz) = Uy - Up (?ﬁi—jﬁ_ﬁ Uy }‘Wﬁ)
LEZETD. QREEMEEDT, QEMETHS. TNENOEESNS Siegel
it

D = {(u,w) € CV? x C | Rw — Lul* > 0}

&, Cayley Z#t
2u w—l)
w+1 w+1

() (
K-> THABRE FRIRMETS 5.



4.1. ¥H Siegel AHDEHE Kihler 5HB. D% (4.1) TEBE I NS Siegel
Hed% ESIKCDIIFEETHDLTS. COLEQIIEHEM LS. T4k
5, Lie

G(Q) :=={g € GL(V) | () = Q}

MQICHRBIICERLTWS.

DLEBSzT ki, D LDOEEDEFY Kahler 5IBEZ RO & S ICEdhd 52 L
NTES. F9, QICHMHEEBNICIERT 3Lk, GQ) ORHAIRRT IR E
HWFEETS FRICEcQRED BETS. A:Q — Ry % HHENTEE
BE 95 MHAREER

(z|y)a := D, Dylog A(E) (z,yeV)

NEEEXNBEEZEDS L X, ARBBRNTHSLESTLICTS (D Ez A
MDAMMTZERT).

A Q- Ry ZRBENZ HHEMAZEERETS. AldQ+4iV EDOIERIEEE
ICRRTEER S NG . Yyo: Dx D —-C#

Ya((uy, 1), (ug, wa)) := log A(w; + Wy — Q(u1,uz)) ((uj,w;) € D)

LEETS. 2 € DICHIBERENY FMVZRE TMM B EREAETU x W
EE—#R L, Hermite 518 hp *

h‘A((ulv wl)v (u27 w2))z = 6(’111,11)1)5(1&2,11}2)1)013 (Z, Z)

TE&ETS (FLEHDE SIS, 8, := (D, —iDy,)/2,0, := (D, +1iDy)/2 (v €
Ux W) EBWE). hald Ya BRF T ¥)Ui%E 3% D D Kihler 5f&TH
5. LhEETHS.

IR, by OSBEHIZAROFEL S IZHSH THEVD, HH Siegel FEEIC TR
THEH REEAVDE, HIELPTV. ThbB, FY Siegel I D DIE
HIE CRIBB O S HARIT SR G T, DICEMHEBICIERT 5 OMNEE
L, #0 Lie B g ZEH j KBOEERED. Eid, XRD VAKX A “g
FORBHFAER fA” IS L TWT, fa ld g FICEREE TTEREEHE
Hermite WEEREDS. Thk G LICEFRECBL, JlEEBRZHVWTG L#
PEMEEDICET T &> T, D EOFHE Kihler 5B ha BEX 5. O

Dorfmeister DFER [3, §3.3, Theorem 2], (3, §3.4, Theorem 1] Z{£5 T &ic
Ko T, IEBRAGTRDBENMELNS.

fiEf 4.1. %Y Siegel fBE D FOFEDOEY Kahler 51BZ L LTS, TDLE,
DA H BNAEREH A : Q- R oWEELT, (D, h) & (D, ha) i& Kéhler
AL LTHEEICERS.

#. V = Sym(n,R),Q = Sym(n,R)* DFE. g € GL(n,R) IKXFL, V NOIEA
p(g) % p(g)v = gvlg TEET 3. QICHMHBINCIEHT 2 0 HAIRE

H={p(9) | g € GL(n,R), g AR DHEDTF=ATTHI}
THEZoN5. BAENZ H ENAZERIZ

Aoy,.eyy 1= et 7 det O™ detsn (51,0, > 0)



2 B OB (DIEDERSE) THB. TT T dety, ..., dety = det i&, F/IMT
WREEEDNSIEICE 5728 DTHSB. 8IS, D = Q + iV D Bergman I

.....

4.2. HH Siegel fAlHD Cayley ZHODMK. §4.11C5| &% &, D #EFH Siegel
L L, A: Q- Ry BEANE HHENTEBERE T3, AT 58
BRI, Q- V ERDESICEET 5:

(v,Za(z)) = =D, log A(z) (veV).

AE. Q=Sym(n,R)* CcV =Sym(n,R) D& &, z € Q DHTINIRD K S I
Rt ons:
tr(vz™!) = ~D, log det(z) " (veV).
TxbhbH, EEERRE (w,w') — tr(ww’) TV BV ER—HBLIEL &I, 27
—gradlogdet(z)™! L —8T 5. QDB —WMOMNMHHEDIZEE, BT 5 Jordan
REUC BT BT, tr B E det ERZAWTRRICKEMNISONS. TOX
5 XK T, BT ER I, 1& Jordan REDHTTERDIREZ>TWS. O
Ia DFEHEZZELDHTEL.
o Q DFUXHE Q" 1
O ={feV"|vzeQ\{0}(z f) >0}
CEBIN, TNLFERTHS. BHREBRINZ QD5 O \DOLHEG%Z
5x%.
¢ Ip\(E) = Ep. 722U EA € V' iZ (v, Ep) = (V|E)a (e V) IKES>TEE S
EDTH5.
« Ta 3 HAZETH5: Ta(he) = h-Ta(z) (he Hz Q). TTT, - IEHD

V' ADRBIERERT (v, h- f) = (h~1v, f)).
o Tn AREHEMI W —» W IHEE NS, Q+iV LTRERTH 3.

T, A AT % Cayley EHCA BRDEK S HHEEBUXW — Ut xW*
(U3 U LOERERBFUERDOZEM) L LTERINS:

Calu,w) := ((2Q(u,-),Ia(w + E)), Ean — 2Za(w + E)) ((u,w) € U x W).
D ¥ Ca(D) IXIERIEHMETEH D, Ca(D) EHEFR TH % (15, Theorem 4.20].

4.3. —#& Bergman B§& LT Cayley E#t. D FOKIERIBEH f(2) &
pe DICKL, 9f(p) € TDOY ZRDESICLT (U x W)t Dt R 3:

(v,8f(p)) = 0.f(p))  (WEUXW)

8 4.2. p := (0,E) € D k<. Cayley Bt Cp £ —# Bergman B
gk i D — T'DPY o (U x W)t & DRI ROBHRARILS 5.

ohe =1Cp08.

P
2L, O(u,w) == (u, W) TH 5.



5. SHDFEICDONT
o BEANZMEL LTETERIICBITONZDIE, RO L THS.

RIE 5.1. —fit Bergman ERHVEGT & 2% Did Kahler ZARAMNE DK
i EM? El, BHEREGEBZDIEEDLS KL EH?

o FXTHANT=X 3 IC, —% Bergman BROKHIZ5E TH % Xu D Bergman
EHICE L T, KRB L Vo IBERZ VT, ATERNREKE
BOMNCT BT LNTESRLEDNS. £CT,

fIf8 5.2. —f& Bergman BARDWNIERNZERKIZH 2 H0?
o TNLERL LIZRIETH 3D,

R 5.3. —#% Bergman Ef§Id Kahler ZREDEHRE N SWVEIC
RS ZH7?

L3V LMEREAMICLE S, #iE3.2 TRZK 51T, Kihler ZERED
M ORI E B, —f% Bergman BB TIZ 1= 2V EREBHLIZS. £
T, COMWHEEE X 5:

IR 5.4. —D®D Kahler B#kAD, —fit Bergman EFDHFHNI=ZY
R 5iE, & & D Kahler ZREIIFERRN?

—f% Bergman BN HE T, T4bb, GHIENTLESBELHD
1ZA5h5, BES4 3—RICiE No THEKIICEDbNhS. Lhl,hd
%9 Kahler Bk L LT, FE Kshler ;B2 ANT-FHEERREL ST
EIBBITE, Yes £ 508 LAk, TOFEAICIE, —#% Bergman Bi§
35 E TIKHEL T E Cayley BEDETH 205, BANGZEHEICK ST
TRy I TEBAEENENDS.

o BRI, LATH SREBEVEKEKL E > TV AEICEN . FXTERN
ek 21, (¥ IH 2 L EDOBKE) XHERBEOARBHER THAL
DiZ, Harish-Chandra EIRDATH 5. —/4 T, Xu D Bergman EHRIC LS
FHEREHOBE, AEHFZEAICIE Harish-Chandra EHR & —H L
TOTHEN, IERREBEICIITENT W, EH 34 ICE->THLME
# -7z, Bergman BAIREREECHRNMEEE 5222 L, FHEOBVWEAR
BAEERTHZH 5, TNHAMTHRV AN, IOFRBEERERL M TEN
DTREVD? LW TFHEKHHS. £ T, ROMBICBRICHEERIMNEL

FIfE 5.5. IENFASEERERHRIMNVEERBEERZL 2RV DO TR
T E0EZ L, WEEEEREEI AR TIE RV D?

EURICRDOT EHEIBATE- ¢T3, EFHE34LHEBRTLICELT
I 5.5 I3 BEEMICARRE N 5!

“EHEARBESNE S, FD Bergman EROBIIHTHS.”
A 5.5ICBIL Tk [4) bBRE hi.
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