S H AR
2026 S

EES EC A S
sams JAMSI b

(1HH.3H23H)

2026 4-3 H

R HOBRER



BARFERE D R FEIC AT T
E FHE (SIK)”
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A 25—/ B g oM EITTRERMMIEZ X,  FE, B g DY —~< >
HDOXA I a7—2M%E T, &L UTidg>2TEZX5. HiHE X, 054G
MCG, £ #H<L. X4 b2 723N g M ZBY —< VHOEBZERTH D,
BRI O Ly LTHRIKZA LI 27 —BHICEHAT%. X4 b3 2o —%HIER
4327l & ) EEEREMTHD RYC 2EMEE RS, X5, =X Y
ay Ry MeeMEh 3 6g — 6 LDk FHZ 2 > o827 MbE DD, BEEOME
gy —2 rrarsr MuciiiRan g, —X + v a v o7 MeoEFIESHR a3
FEAT & AR E D22 PML = PML(E,) TH 5.

McCarchy k& Papadopoulos i, & [1] i2BWT, BEAREEHOE IO N1%E%R % H

WT62D7 FRZHELENS DWEEFNT. Masur [2] 1ZNY FIKIZOWTE
TW3., DHICENS 6 DD7 7 ZADSHED 32137 74 VEEmICB T 2 H15ME
JEL, 2 DEHEWICRD SR WHEMEAROE SR EE T 5 &0 5 BER TR R TH
5. ZZTIERD 120 sufficiently large & PRI 2 IEFIEIERISXTIG S 2 B0 BRI NIG
$5. TZTMCG, DEIRE G, FERDORR2 20087 /Y 7EEEE2ELL &
sufficiently large LM%, ZOKR G N7 /7 ¥ 7 BB DEIE RO RARDEAT A %
G DIBFRES ¥ FER ([1, p.147). 2L T ZAg = {[N\] € PML | I[u] € Ag,i(\, 1) =0},
Qo =PML\ ZA¢ &5 5. sufficiently large 72E878E G < MCG, & Q¢ ITEMEAEE
WAER$ % ([1, Theorem 6.16)).
OSq VR 3 RoTAMZeR Hr oBEERIE S22 CTh D, 1AX2HEOEEFHE
DIEFIZA By RZHBE L LCHIRS NS, BB T < PSLy(C) ofEHIc X b8 C
ZAEEE QD) L MRREA A(D) hEI5 2. 774 VB T IEREER Q) &
MEARHEBICIE S 5.

{1

IRAN

2 CODEEEICDOWVWT

CIZTWEREBEHEDOEDIZ 3 RN EMICERH T2 27294 VHOBEDODAEZ 3.
Sullivan[4] 13, A= — REGROBUSD S 2 74 VEO N ¥ RMEMmEREM L. O
HTIXERC [3] 1B 3, Sullivan DR % BEMEREO TS BEOMERIC BT 2 LMo
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774 B BAGKERE OB BE

Q(r) O

Ag Aq, ZAg

FERIEFHIRE sufficiently large

S* bz a—FH PML Exra—FH

& HP /T 1 3E SRR 2 F 7z s = T,/G 3ERZEFMBEL L F -0

A OERMRE S ECRTAINSHER T %

WKOWTika s 5. ZOWMIIEELRETH 2D T, REDRHIIEHE > TV B MEICD
WTEE L 720,

SE 3k

[1] J. McCarthy and A. Papadopoulos, Dynamics on Thurston’s sphere of projective mea-
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[2] H. Masur, Measured foliations and handlebodies, Ergodic Theory Dynam. Systems 1
(1986), 99-116.
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Hyperbolic derivative via composition operators

M s
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Let D be the open unit disk in the complex plane and JD its boundary. We denote by S(ID)
the set of all analytic self-maps of D. Let H(ID) be the space of all analytic functions on D.
For ¢ € S(D), we define the composition operator C,, by C,,f = f oy for f € H(D). Then
¢ is called an analytic symbol of C,,. In general, a main theme in the study of composition
operators is to characterize the operator theoretic properties of composition operators by the
function theoretic properties of the analytic symbols.

We here pose a new problem:

Could the compactness of a composition operator C,, imply the compactness of C,,
for any ¢ € S(D)?

We will consider this problem in the casee of Bloch and little Bloch spaces.
We recall that the Bloch space B consists of all f € H(ID) such that

1f]l = 2‘;5(1 —12)|F(2)] < oo.

Then || - || is a complete semi-norm on B and is Mobius invariant. Let the little Bloch space
B, denote the subspace of 3 consisting of functions f with

lim (1 — |z]*)f/(z) = 0.

|z|]—1

Then B is a Banach space under the norm

£z = 1O+ 1]

and that I3, is a closed subspace of 3. In particular, B, is the closure in B3 of the polynomials.
As a classical function class in geometric function theory, the Bloch space is unique in many
different ways. For example, the universal Teichmiiller space 7°(1) can be regarded as the
interior of S in B, where S = {log ¢’ : ¢ is conformal in D}.

Let H* = H>(DD) be the space of all bounded analytic functions on D. Then H is the
Banach algebra with the supremum norm

[flle = sup [£(2)].
z€D

Note that H> C B and that || f|| < || f]|e if f € H*®. For p € S(D), ||¢]| < [|¢|loo < 1.

For w € D, let o, be the Mobius transformation of D defined by v, (2) = (w—2)/(1—wz2)
. For w and z in D, the pseudo-hyperbolic distance p(w, z) between z and w is given by
p(w, z) = |ay,(2)|. For any ¢ € S(ID), we define that

AR )
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Then 7 is the hyperbolic derivative of ¢ in the sense that

b = 1 PP 0(0)
o7 (2)] = lim )

We remark that the Schwarz-Pick lemma implies that |¢#(2)| < 1 for any ¢ € S(D) and
any z € . Moreover C, is always bounded on B. On the other hand, C,, is not necessarily
bounded on B,,. It is known that C,, is bounded on B, if and only if ¢ € B,.

[Madigan and Matheson (1995)] For ¢ € S(ID), the following hold.
(i) C, is compact on B if and only if |¢#(z)| — 0 whenever |p(2)| — 1.
(ii) C,, is bounded on B, if and only if ¢ € B,.
(iii) C, is compact on B, if and only if ¢ € B, and |¢*(z)| — 0 whenever |z| — 1.
We here define some kinds of classes related to the hyperbolic derivative.
[Definition]
(i) Denote that S, = S(D) N B,.
(ii) Denote by S™ the set of all ¢ € S(D) such that ¢ (2) — 0 whenever |¢(z)| — 1.
(iii) Denote by S" the set of all p € S(ID) such that ¢*(z) — 0 whenever |z| — 1.

It is known that any function in H> N B,=COP is constant on each Gleason part in the
maximal ideal space of H*° other than D. We will use this property to prove the following.

[Boundedness on 5,] Let ¢ € S(ID). The following conditions are equivalent:
(i) C,, is bounded on B,.
(i) C,x is bounded on B, for some positive integer .

(iii) C,x is bounded on B, for any positive integer .

We will study analytic self-maps of the unit disk such that each does not belong to S*
(respectively, S"), but their product is in S" (respectively, S*). We also provide explicit
and new examples of such analytic self-maps of D satisfying (or not) the conditions in our
results.



EEEBEBRD L 7 F —HDOPIFRN 2 EHNDNWT
BIR BIG (LOA)”

BREECEH C NOHENMIRE D = {|2| < 1} L TERZINZ 2 DOERIBEE f,9
F0)=g(0) =0 2T LT3, ZOLE, [ g CHLTHELTVWS L, D Lo
ECERIBES w T w(0) = 0 A

f(z) =g(w(z))  (2€D)

BT OONFEET AL EVS. 51T, Ho(D) = {f : D — D HEE| f(0) =
0, f/(0) =1} 2ED, | ZRBXMNOXME T2 & tel TRIX—XIFbhb
Ho(D) NOHIERIEUDIE {fi}ier DIV TF—EHTH B L1F s <t ZifilcT2TD s, t el
WKHLT, fo 28 fi TR LTIRIBLTWR I THRZEERTS. L 7F—8IF Ho(D) A
D HIERHMOBREGHIICRE T 2 B =AU Ny NTH (F - 7502 2 0FEM) OfRIICH
WHAL, Z OIS S RAFERTEREGEGR OIS B W T EEREE ZH->TW5. ([1, 2])

A, MRERSEBEHEESROL 7F—#HEERL, RSN 7T F—8HIcBNT
HRERDL 7F —BERHOFELL L 72 2 5ERMAFERICE 2N S Z L 2R LE(3]) 22T,
{fher DEBHBEGROL T F—HTH2L13, [, D H»5 C NOFLAEELDH 2H
QO OEADOEBHEESRT £,0) =0, f/(0) >0 2L, D2 s <t ZilILT
Ds,t el WTNLT, f 5 LITRNLTIELTWAZETHDEERTD. koL T
F—8HTIE (D) DHERE L 72553, EEHEEBRDOL 7F—HTIE QO 13— HE
FERIR L 2 2 UICBW TR I Nz ER e > T 5.

AT, FIEREE DA HWTEERETIRDO L 7+ —HOB {fi}er ZMRT 5.
FOBIC, L7 F—ICNRET 24 (f), f = %, evolution family {ws,}s<;, Herglotz
family {P(-,t) }er) ICBELTHFE R LIV,

BE Xk

[1] K. Léwner, Untersuchungen iiber schlichte konforme Abbildungen des Einheitskreises. I,
Mathematische Annalen 89 (1923), no. 1, 103-121.

2] Ch. Pommerenke, Uber die Subordination analytischer Funktionen, J. Reine Angew.
Math. 218 (1965), 159-173.

[3] H. Yanagihara, Loewner theory on analytic universal covering maps, arXiv: 1907.11987,
2025.
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Brm — AT OEBAE R 2B TH 5 AL
WS (RAHE)

HBEMG  (FAHEH)?
IRET (FAEE)”

PINC & 2 8GR =ARO 58 [5) ichin T, EalIAR O EREL Z5T 5,
BEam 7 v 7 ABELBWATRERR 7 v 7 ABRHIEGRINT D %, FRSEGRT 7 v 7 ABEDiE
BAERI DR D BER 7 v 7 AR 5, T X D EGR =ARE I ATV T,
FRZMR D DR %7 P TRBRWEGERI = AHEHE (2,3,00) & (2,4,00) & (2,6,00) D
ATH? 6], £ TINd 3OO ZAHDIREERIBIHTDH 2 UAREE 75
L7=DWRZDFED TR TH 2, MTNICEBEY 27 —8E (2,3, 00) DISEE R
HTH LA ETIEERWTI(7, 8], Z O TIX (2,4,0) & (2,6,00) DIEEAE
FRERTEECH ZVUMBEZ R TRD 25, R V7 P TRABVEGHHIMAFIZOWTIE,
[ I2BVTBRCAEI N T WS,

1. TRDF*E
XD Singerman DFERZ FHWT, =AML DB N O TH 2MHAHT, 28T,

iRl 1. [2]
(m17m27"' >mr73)@®%1@7977\g$

F:<x1>"‘,l’r,P1,“',ps‘H:Uj pk:xm]:1>
j=1 k=1

i)i\ (nl,b s Mgyt s e, My 5,) ﬂ@*ﬁ;ﬁ]\[ OD%Bﬁj\ﬁ Fl %@U%C@@L[Z‘g
AL GRES

1. T25{1,2,-- N} DEHRESy NDHERT ) : T — Sy BFFAEL T, 6(I) DIEH
BHERRHITH D, 0(x;) ERE mj/nj, - mji/n;,, D p; EDOKEIELDIED 5 72
D, O(pe) 23 6(pr) TEDKEIBEIOFE TR SNSRI, ROEXZHZT,

s = Z o (pr)
k=1

2. WHHTEFEIZRE LT vol (H?/T,) = N - vol (H?/T) %7z 3%
ZDLETDEMN OFSBEDET, ={geT | 0(g)(1) =1} e LTHELND,
KIZT DERRZERD 5,
il 2. /3]
BEGOERRE (A |jeJ L. BEGOEMOEE HICH T 2 ERAREEIKG/H D5
2RERE (B |kc K} T3, ZOr &

A;By, = B,Cjy

*Le-mail: s0422106_edu@ruri.waseda. jp
*2e-mail: k.soma@akane.waseda. jp
*3 e-mail: ykomori@waseda. jp



TEFEZ{Cjr|jeJ ke KHIHDERRITKR S,

B PUAREORBEE SR DR Z 723 Ty ODERR By, By, Bs, B, 3203, D
B2 Poincaré DEHZ W2 23, XD Lehner DAERDEITILDO,

o 3. [1]
B, DIEIERZ w; (1 =1,2,3,4) & L. 73 = Bs(wy), 7o = Ba(13) £ 35 & X, (wy, ws, T3, Wy, To, W1 )
D37 A 6 ATE DTERMIC2 %72 5. By, By, By, By (ZVIABEOREHRAER AR TH 5,

2. £1761

(2,4, 00) BID=AFET = (A}, Ay, A3 | A2 = A3 = A1 Ay A3 = 1) DIEEN = 3 DH T
th@@Agﬂﬂwm%ﬁ%ﬁ®f&éomﬁlwxﬁ%ﬁtﬁﬁﬂﬂeir+&
W& 5T OEBITTOBIE

(A1) = (2,3), 0(A2) = (1.2), 0(As) = (1,2,3)

Y15, FRCT/T, DEEREFERE LT, A3, AN 2 DT, mdE2 & Ty DERK
T LT
By = A2, By=A,, By= A;2A;'A2 B, = A3?

7\7731;/\‘( 32 32 Bél = BlBQB3B4 =1 %?ﬁf:j—o (UJ4,U)3,T3,U)2, Tg,wl) z)S\lﬂl?;CXXEEE
6 AILDTEMICRZ Z e, M3 & D (2,2,4,00) BIDPUARED (2,4, 00) D=1
B ORE S i nite LTEHN 5,

BEER
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Self-affinity, Mobius geometry and
Schwarzian-pre-Schwarzian derivative

R B (VP ILERY)
PR fEF (UMK R - 747 - £ VX Z b VIRSET)*

1. [FL®IC

STEREEMEG (LAC) 3 TEEEREHHHIC B 3 BRkEF 0B 25, FHHS (1]
CHREI NS 2 I X o TERML XN Y 5 A Th 3. ZHZMEREs I L
(Es+m)7= (a#0)
&t (a=0),
IHEIEE (o = D)2 a YV 4 K (a=-1)IXREXN2BhEr o725, ZOIHETD
BEPORATA—ZXac RAFERFHEE L Jidh 3.

HE 1 (SHOBST 71 V(2 3]) By ICHL, H3EEFRy(w) RS

Ja €R, Vw,e €R, (k5w +¢),s,(w+e)) = (e k" (w), e*s,(w)), (1)

FOL—2 Yy FHIED E(s) = £ncR THRENZHDT,

AT lE, ZADTHIRFREE D LACTH S Z L IKFAETH 5.

7 08 [4] 1X LAC 25 (V —#£ Sim(2) = COT(2) x RZ D2 7 4 V3&%fil) 12k
B A REDAETEDOAZERIRT, =2V v FRNCBT 544 7 — D5t O FERL
ELTHEDST SN 2 Zmlie. RBETIILACEZREOT 28 Y 74 %
X 2% (V) —#E Mob(C) = PSL(2,C) D7 7 4 W) 1281 % BifR O 0HFE &
LTHERELEZZLIZOWTHET 2. ZZTIZLACOKIME L FB L TA - ITH
DHBERTH->T, WIRFHBEZC L ICEB L 52V DBELATVS.

2. XEJ R

HHfR c(w) = (c1 )T : R 2 RIS det(cy, c) # 0 ZIRET 5. ZHIIHL,

Md = (c, ¢) € GL(2,C) DIEFRLE X := det D2, A = (X ckoTED, %

DAETZAREIM := ((c\)y cA) =PA € SL(2,C) T 5. ZDr =7 L xBRK

ey = OMEM =M (% f), wM=-28 (0—2) S (—(02/61>“’) + (—(Cz/cl)“’)z
v w0 b &1 02/01 w 02/01 ’

DD H, ZOHLTAEDTZAME M ] := co/c; DAY R[AEEH L ——IG

T5. BVAZ 5, SR [c(w)] : R — CP! @ PSL(2,C)-FfEHIZ > 2 7Ly

7 Syule] & —X—HI5F 5. AR, AePSL(2,C)Ick 3| e CP'DB% [Ac] & D K.

fiE 2 FElDIREDD &, BEEIR [c(w)] : R — CPHIZRL,

JA(e) : R — PSL(2,C), Vw,e € R, [c(w+¢)] = [A(e)c(w)], (2)

ABFFEIE JIST CREST GRER S JPMJICR1911), BHFE FRERS 25K21661) DB Z 21} /2.
*le-mail: s—-kumagai@hi-tech.ac.jp / shun.kumagai.p5@alumni.tohoku.ac.jp

*2e-mail: kaji@imi.kyushu-u.ac.jp



DEDILDZ LI ZDY 2T VY WG S, [ WEBETHS Z L ICFAETHZ. ZDL
w (k=0)

DI D LD,
VR (K #£0)

% PSL(2,C) OfFA &Y LT [c(w)] = {
3. EER

EA - IBELRER v(w) : R <5 CIIH L oy (w) == (Yo (), Yow(w))T EBL e RS
C? 3mSRt 2 AT L, ZOHEET N ¢ | &7V 2 9V Py i= Yow/Yw
TREIND. BwilHL, ¢ (w) Z XK TED 2.

L) = 1/Sw 0 Yw _ 'Vw/sw _ wa/Sw
7( a <_Sww/512u 1/Sw> ('wa) <('Vw/3w)w> <\/__1’7w/‘fE> ' ®)

EIE 3 iy DPEBERy(w) 2 b o THCET 74 V() 2ARLTROIR, mAcFER
E2BRE s, = e, k¥ =e™ T, 2% B e PSL2,R)IZHL [¢]] = [Be,| THB.

1 _ Yw (w + 8) e 0 ’Yw/sw
[ (w+e)] = [—%(w) < 0 6_5) ( /__1,yw/€E>
DD ILD. TDEE [k (w)] = V-1V THoT, & IBRFE D LACD
HE7 7 4 Y (1) & A7 TR y(w) 1T LTS, Py = (a — 1)2 25 H 32D.
EH3 & D LACIE S, Py DIFEERBE 725 RKRy(w) Z b Dy D2 7 RITET 5.
TRDOHNTRT L2207 2 RITLAC KD EITKEL, £/, ZDO0ELR
LIGIRFHEEE OO LACHE T 57 F AR ED S kDFET 5.
, B — o 2y/-1 B L
Bl A Ry (w) = w + V1w X Py = W NS SwPyy = 0% A3, —7,
EHE 0 = w(t) = 1o, b € REBLTHENBRE (1) = 1o + V1o 13
Ak/—1eFt + k2
2v/—1ekt + k
Bl B FEUZHE (o = 1 DLAC) DFERy(w) = e VDX S, Py =02 AT, 1B,
Z ZClde, DHEMIESRMAE A7 3T, MIE 2 IZEREH X R0,

= [A(e)ey (w)],  (4)

flC 7uY 4 F(a=-1DLAC) DFRRv(w / VIR G lE Sy Py = 0% H72 5

SE X
(1] FEHEAE, ZREZ, ZILAEE, HfroEAEEE BT 74 oM, 794 VTR, Vol.42, No.3,
pp-33-40, 1995.
[2] =HE LS, “ELVERo R zoBHC 7 7 1 VM7, KETEREE, 72 (7) 857-861, 2006.
[3] S. Kumagai, K. Kajiwara, “Self-affinities of planar curves: towards unified description of aes-
thetic curves”, Japan Journal of Industrial and Applied Mathematics, 2025.

[4] J. Inoguchi, Y. Jikumaru, K. Kajiwara, K. T. Miura, and W. K. Schief, “Log-aesthetic curves:
Similarity geometry, integrable discretization and variational principles”, Computer Aided Geo-
metric Design, vol. 105, p. 102233, 2023.

[5] H AlE—, difge Y VU b > (B2 N80 4), BEE, 2010.
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GIRT T a7 ORI HEICDWNT
ekt HERE  (BfAER) "

1 (FCH»IC

P AEIENEN LN EZM 2 RRICEFDZAETH S, B EZONEBICEEN
MG A 5N ¥, TN 5 DOMICRIRHCNED KU 2 L =AEMAAET 57
HORKENEME d? =1 —2r TH D, Chapple DA FE 7213 Chapple-Euler DN Z
ELTHIENT WS, 72720, r ENEREE. d BEAD SNEMOFLE TOREETH
%o TONRUE Chapple (1746 [2]) & Euler (1765) MWHNAICHRA LIz SN T3 (i
HIZDWTRAIZE [20] Z25H), Xz, FERRICHEMNHEZONEICEENSHNEGA 5
NicL &, TN S OMICFEIIFIC NS K UHEET 3 MO TEDMEES 5 T DL E A
MG 22 (14 d?) = (1 — d*)? THDH Fuss ORI [10] EFFHEN TN 5,

N\ AN
9

1 JE: B =AATE (Chapple ORI d? =1 — 2r AR DILD)
i BDPUATE (Fuss OER 2r2(1 + d?) = (1 — d?)? KD I7D)

—J7. 2 DD L TAHLZAIEMMAET B L & TD XD EALZAICIEIBICHE
19 % T &M Poncelet OFER [17] GEHHICDOWTIEFIZIR [4] Z8) M HIREE N5,

EI 1.1 (Poncelet DFEE (f8A/N\—23Y)) 2DOD8M E, & E, IKxfL T, F; I
N$z URIRFIC By Z29MES % n AENEET UL, B EOMEEDOSRICR LT, 2OM%z
THRICEH By IS LFEIREC By Z29Y 9 % n MIEDMFEES %,

A T, Blaschke B RFOREMANEMEEZFIM LT, HICHET 22 AIPICH
I 2aEZERD .

* T239-8686 #h4%) [WERZARTIEK 1-10-20 B KA BOFBE =
e-mail: masayo@nda.ac. jp
AW O—ERISRHFE (FEES:25K07039) DK Z2Z 726 DTH 5,
2010 Mathematics Subject Classification: 30J10, 30C20
F—"7—F ! Complex analysis, Blaschke product, Algebraic curve
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2 Blaschke FH5EF S AR
DUF, &I EoOREMNZ D £EL,

EFE 2.1 XDz Ui d XAHEHR%Z d X (FAR) Blaschke £ & W5,

pe—

d
Blz) = T Z— 2 D, 6 € R. 1
(2) e}}_[ll—akz a, €D, O e (1)
0=0Mm"D B(0)=0D&E, B ZiEHE Blaschke fEE 5,

N 55 X 5 7% Blaschke FEOMRICEI I 5 [EIX. #2H4E Blaschke D A= A
EtT0THhiEehbBDT, 5%l B LT

2 — ag
B(z) = Z,H = ar € D.
DIEDOIFEHE Blaschke FEDHAZHK S o
Blaschke f#id D &2 H& D LICESIERIBIT, D LMK THS, £z, 2 € 0D
WKL T B(z2) #0 ZH&H7d (HIAX [14, Lemma 3.1]), L7eA>T, A € 9D @ B I
XBW%1E 0D LOWRES dHDF 21, 29, , 29 MOKB T EDNDOMN B, TOMNEE
ML T 2 MEHOMBRZEANT 5,

21 PR

E#E 2.2 d X Blaschke $f BIZXH LT, A€dD O BICKBHR%Z 21,29, ,2q £
% Chb d o BEARE 2 feks Y kommnsnakar o o5
S COEE, W Ly — {3} DEKEE B DM LT [, <

D)
9 NERHEIORE RS 30, 2, —1 41 ICBEERFD 3 KL
#E Blaschke O NRHIHR (CIF&HR)
Z—Qa

il 2.3 2 X Blaschke & B(z) = S EXeEDITHLT, BIZKD NICES 2 5
ZRESEMMOAENRNEEITENS, z2—a=\NZ—a) &FE TS, Lieh->T, AHEHRRIE 1
m{a} TH%,

3 X Blaschke O NERRIFRIZFEMICIR S T &M, ROEHM DI S,
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EIE 2.4 (Daepp, Gorkin, and Mortini [3, Theorem 1]) B 7% 0,a,b ICHERZHD
3 lj(*%@ Blaschke f'ﬁfaj%o A € 0D Eﬂbf\ 21,29, %23 ZZ BIlcXD A LC%%*B&&
%3mRET D, TDEE, 2,2 ZIESEUIKM E

E: |z—a|l+]z—b=|1—ab| (2)

KT %, Tz, W E O, B(G) = B(G) ZH 23 HAIME LOHRERS 2 513
G, G RS SERRDE S L 72> T 5,

B 2.4 O (2) TEX M B GHEAFNCHNET 2 ZAE Azizzs KHAELTWVS
(K 3 ) DT, Poncelet DEFICE T ZNAIOKEMICEZ>TWVWD, iz, TOBH E
& a,b ZEAMHICE DD 2175 OBIKEFENDH 5 C ENHSENTWS [12], Poncelet
DEF & BUIHDOBIRIC OV TIIBIZ X [11], [15] 72 82 < DIFIZEITTON TV,

ERE 2.4 ICBHE LT, Frantz [5] ICK D RARENT VS,

EH 2.5 (Frantz [5, Proposition 3])  HfiMICN#ES 5 =AIBICNET EHE. 3
X Blaschke i B/ ENEEDICRS, T74bbH, fEH E I LT, REFAHETH 5,

o HfifJICNIEL T F 29 Ed 5 =AEIMFET %,
¢« % a,beDICHLT, EW|z—a|+|z—b =|1—ab| hBEXBHEMNITHS,

EH 2.5 &, Chapple DRITIBUF B HALHDONEBDO M Z RGN kAR Uz 2 5 2
TW5, TlE. 4 X Blaschke %2 #& 2 123551 Fuss DN ZIRET A ENTEB
A2 RIORERTS

5l 2.6 —fD 4 XX Blaschke DO NEPHIFRITEZTIERXD 6 AXDOREHIFRTH 5, C
DOWEBIIFRZ RS 6 Xd. TOT7 T AT 7 MTEHIFTERWL 50DY A1 XD
Iz % h, BfRkIN7Zs Blaschke fi7% 5 2 (U5 LBV HATIC A D . S AIRETH
%, X 41&, LUFD 3 DD Blaschke 1

z—1i -2 z+§i

Bi(z) ==z 2 3

) 2. 2 2,
1—|—§zz z— 3%z 1—322
z—1 z—(3+30)z z—(3—2i)z
By(z) = 2 11, 1 _(1_1; 1— (L1435
5% (2 2@)2 (5 + 5z)z
1 1, 1,
B(z): 9 Z+§ .Z—(§+§Z)
+ 52 (2 51)2

DONERHRERZ 2 3 D (LA&HR & AEHhRR) O ETHE L7z D TH S, By DWNERHIFR
T (2 1) ICRA B, FUd. By &

1 =241

z— = > —aTt

bi(z) ==z 2, bo(2) = = 5.
1() ].——;Z 2() 1— 2522’
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Lzl ZE, By=byob, £EIFB, L5 T, By ONERREFRIE b, ONERIFRTH 5
| B BHES {1} ZEATVS,

4 42X Blaschke BEOWEHIFROF: feBZNEN By, By, B3 IKHISLTWV5

FE 2.7 &I, Blaschke fif B W< DH D Blaschke FEDERK b, 0by,_j0---0b; T
#FHI B L E. B ONARIIHIE by ONEBIFRZE8 2 L LRRICIHSG N TH %,

LoflD B, OWNEIIFEHEAZZE XS ICHA M, ERICKEHTH S 2 EDRN S5
s,

% 2.8 ([6, Lemma 4]) 29@2%Bbmmﬂéh@%:zf_a,@@%:xf_b
— 0z

DERZ B="byob £BL X, B DN I &
I i |z—a|(lz— fil + |z = fo| =7) =0
T—Iiﬁ.%;\h%o foCL/\ fl,fg CiQLj—\’ﬁ?Hjiﬁ t2—(a—ab)t—b:0 @ﬁﬁf%bx r Ciy—\'

TEXAMETH 5,
- |12+ | fo]> — 2
- 1 .
r=lhk '\/ PIRE -1

THIC, REDO B,

EHE 2.9 ([6, Theorem 2]) HNIFICNES UM TICNET 2K, 2 DD 2 X
Blaschke DG & U TEIT S 4 X Blaschke M SRKEINDEDICES, 35D bH,
& EiCx LT, RIEFEETH %,

o HMICNIEL T E 29T 2UAIEMMFET %,
« 5% a,b e DISHLT, E W& |z —a|+|z—b| = |ab— 1|/ 052 oz s
HEHTH 5,
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L 2.9 1% Fuss ORIUTHT B HAIONERO M ZREFICIRE LR 252 %0 &
2.9 OFFRIE. &IC Gorkin and Wagner [13] ICX D 2T FAXRL =& 5 OERN T
MENTWVS, £z, Aksoy B [1] IZFWT 2" X Blaschke FED G EARND 7 i A]
REME S K CBUIAMEMNC 2 B S-S DV T DM 21T > T %,

I, Blaschke B 5E &K 2 HALFIROIMUDHIFRZHAT %,

2.2 H\ERHRHR

E# 2.10 d X Blaschke i BIZXH LT, N€ 0D @ BICKX5HG7% 2,29, ,2q &
BLo Ly 72 21, ,zqg CHAIMICEET % d RO S RAES LT 5, N DFAIFJE
Lz LE] Ly DED5 2 EOLZ RO Z B ORI E W Fp &FE <,

5 SVRHRHROMERGE

z—a z—2D>

Bl211 B(e) =2 f—e - S DL E. S By WEELE 2 RIRTH
- — 0Z

D, ROTEATHA BN,

abz? — (|ab]* — la +b]* + 1)2Z + abz® —2(@+b)z — 2(a +b)Z+4 = 0. (3)

X5IT, (3) 1 (Ja+ b — 1)% < |ab]? D& =R (Ja +b| — 1) > |abl? D& ZHEM,
(Ja+b] — 1)% = |ab]? D & XHROFRR L 755,

=
.
7,
,, /,/////////
2

/c

_
T

M6 fa=2b=bidi da=l-dib= Lty fa=anb=—b+}i
212U, ap~0.668 1& a* —4a® —6a®> +4a+1=0 OfFO—D LT3

ol

—fRRED Blaschke FICBH L TERDMEEMEB NS,

FIE 2.12 ([7, Theorem 2]) B % d JAFHE Blaschke Fi& 9% & &, SRR Ep &
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wAR d—1 XROREBFRTH %
&I, WERHhHR & SV HIHRORIC I3 H 2 O IGHENDH 5 T L b %,

EH 2.13 ([8, Theorem 5]) B % d XIEHE Blaschke K& L. Ej %2 B OISR
DETEDIFIRE T 5, TDL &, NERHRRE

TEADBNG, L. wh(z)=0& B D7 74 ViR OEHSTHERTH 5,

ER 2,13 25 T & T, LR ELAT A SR AR D S PEEE I MEME R N AR AR K S %
C EMAREIC TR B,

3 Blaschke 5 EX 5 Z A

3.1 Blaschke ZA
IR, Z2ABEMNZALOA TR, BRZAREZOTEZIS T LICT 5,

E&E 3.1 2O0M E, & B, IS LT, By ICHBELRERHC B, #9459 % n fAlE%R
Poncelet n ff1E & M5,

FEITIBNTz K 512, Poncelet DEHII AN FICR > 72 2 DOFEHICH LT, Poncelet
n AIEN—DFET UL, 1-73F A—2 D Poncelet n AEDNSRZDHENMFET ST &2
REEL TW 5, T Poncelet n MIEOBICKH LT, % n AEOHFLONSEZERITE
DEIFIVICTEZMN? | &S Ri#% Shestakov (1814) MWE A, FIHEERN S TAHZ L
ZTzo TORBEIX, $ 200 F5£D 2016 FICLLTD X S ISR E iz (BRICDOW T,
(18] ZZM),

EHE 3.2 (Schwartz and Tabachnikov [18, Theoreml]) FE, & E, ZFH& L. E,
X B ONFRICEZENTWE ET B, £, TNSDOFEMICH LT, Poncelet n D
1NT A =RENMAET B & E n MIEOTHRO RO L EEELRIT n AIEOH
HELNOLELERE. TNTH B EHUGHEHNEZE 1 S bE5856L 55,

COREIZ, $IEEH 2175 28T By WHNMNTH S L LTE—REZEDEY, £
Tz, EHL 24 & 2.5 5 Poncelet =L, 3 X Blaschke FEh 5 E X % =M LML
MO T ENLD, THI, —RIED Blaschke NS EX D ZAILEEZ T2,

E2 3.3 d XX Blaschke & BIZHW LT, A€ dD O BIC KXW xEHE LTS d AE
% Blaschke d f4TF & "L,

AE 3.4 T CTlE. 2D Blaschke ZAEDIELEDONEEHULD I 25 DT, Blaschke
Z M MEZAIGICIRE Lk < THME RV,
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Blaschke & B ® Blaschke £ D501, B ONERIFRICHET S L0 S HE 2§
Do LML, B OXRED 4 R EOEGE, NEHFRERTAO®E O B IRE D, %
NICEBED 5T, RO %,

e 3.5 B & d JHEHE Blashcke FEE 9 %, A€ 0D &9 5% & & NICHILT % Blaschke
d AFEOTEROEEHFOHN B AESIEMHE L 1 A ESESETH S,
FE 3.6 Blaschke ZAFOEREE LA LKA ESIE 2 REGFRIC R 5T,

ZRIC, Blaschke ZHEZEMICNET 2 ZAICHERT A E2EZ TV, TDT2H,
HAT P CiERIZ: Blaschke FZ2E A2 IR > - X FEADHEHOMEE TER I NS E
BELTHET A EZEZ S,

3.2 Blaschke-like Zf&H, (Joukowski ZHlc K 3)
RO DEB %, Joukowski (XKykosckuit ) 2541 & S,

1 1
2 —) O<t<l).
1+t2< w+w, 0<t<1)

C OEE w Pl EOHAIFRZ 2 Vil EORMIR E, ONERICETEHEABBHRTH %,
fz7z L/\ ]Et &

z=p(w) =

Bo={J:- 1?#‘ + o 1?#‘ <2}
TR E DTS B [LEOBELE ¢ (0< e < 1) IHLT. 5E< 1 BEAE o 10
K o THAITIHRIGEELDERD e DFEMOBR ZHOMHIHKICE T N TE %,
fZH4E Blaschke i B ICx LT, B, = ¢;0 Boy; ' £,

w
O = ©®
]D) i’ ]D) U)Q w3
Ot \ \ 2N Pi ‘ \ Yt
— ) 3
C\E, C\E
BCPt ¢ g) B<Pt N\M

7 Blashcke-like 544 B, = ¢ 0 Bo g, *

T T Ty o(1/(2w)) = @(w) BIRDNIDDT, ¢ : {1/2 < jw| < o0} — C\
E, (onto, conformal) D ¢, : D — C\E; (onto, conformal) hbnz, Lizhio
T, % 2eC\E, LT, ¢ '(2) DK w T |w| < 1 Ziilzd & DM 1E—D1FE
T, TOLE, B, EHEMKOIMIC\E, ZEEIC onto 15,

E& 3.7 LHOXSICHRL B, & B & ¢, ICB9 % Blaschke-like 5% & MES,
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Joukowski 24 2 = ¢ (w) & D FOMERKTH O, HAHE oD LT

t*w+w
ZIQOt(’w)Zw, w € JD
EE TS, LIeh->7T, 0K, T,
_ z —t%2
w = p; (w) = R z € OE,

Lisb, ThERAVIE. X e R, IZif LT, B, O¥ig%#2 % & T, Blaschke
CIARRIC TINERERAR ). THVHERR ). [Blaschke-like ZfJE] ZEHKTE %,

WEBHIFRICRE LT, 3 X Blaschke B B & ¢ B9 % Blaschke-like 5§ B, ICD
WTRMEE NS,

EE 3.8 ([9, Theorem 4]) 3 X Blaschke f B & ¢, ICB9 % Blaschke-like H 4
B,, ONIHIFRIHEMITH 2, THIT, %2 DDMEM IE, (0 <t <1) & By I LT,
OE, ICNE LIRIKFIC By 72949 % Poncelet —AENTFEET S2DIE. By, D5 3 X
Blaschke 8 B @ Blaschke-like 5§ B, DWNAHIFRIC K% & 2R %,

Blascke-like Z Ik L TiX. Poncelet ZAEDOIEETH S EH 3.2 EHLIOKER
MEENS,

EHE 3.9 ([9, Proposition 7]) B, % d X Blashcke #&& ¢, ICBI9 % Blaschke-like
HET %, A€ OB, LTHLE ND B, ICLBWERENETS d AIEOEMSDT
Bhoh 55 8E G OE, EHLEUEEMNEZE 1 iS5 E 58 5I1CE 5,

CDOEMTIE Joukowski ZHah SR E 117z Blashcke-like BARZFIFH L7=hY. FH#k
B IERAFEMHOEICEMICETEIIMICE NWANWADH S, Tld. HloZHEFIH L
TG EEIRBIEAIM? I OMEEEZ S,

3.3 Blaschke-like ZH; (Jacobi {5FIREIC K B)

AT P 72 M PR O NERIC A I B 2 iE, Bl A I Schwarz [19] IC K% Jacobi 18
MBI ZFMHT 5L DS N TS, LU TIE T OZHZZFIH L T Blaschke-like 44
ZRERS % (cf. [16, ChapterVI]),

v dw
Sk = [ ,
R A [T

! dw
K =
- VI =)~ Ru?)
2 dw
K’ = .
(k) /1 V(w2 —1)(1 — k2w?)

-1
u(w) =u = —Z+1, v(u) :v:c'snfl(u,k),
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z(v) =z =

e == VP (0 ),

°= 2 T

TR UL k& cldlog /12 = mid D log /1L = cK (k) ZHTT XS ITER, &
fo. FABERD X515,

D, = {|w| <1, Im(w) >0}, D, = {Re(u) <0, Im(u) > 0},

1
Dv:{—logw/# < Re(v) <0, 0 <Im(v) <7},
—-Pp
1
D,={l1<|z| < ,/#, Im(z) > 0},
-p

D.={lz=V1-p+]z+1-p’| <2, Im(2) > 0}.

CDEE, u,v,x, 2k TNEND,, D, D,, D, D, ZRRETEREIRTH%,
INHDOEKRERZ v LB,

z="v(w)=zoxovou(w).

v & B D, S BRI D, "OEMBETH % DT, Schwarz OFFERD FHEED
ED&EE ={]z—1-p?+|z+1-p* <2} O RCETHERGSRT MAHET B,

TDOLE, BIf B;=50Boy 1k &, LD Blaschke-like 5IC72 %,
3%@@mamﬂ§3@%;af:é-i;iEﬂbf\HSﬁ\pz0W7@k%
0E, DEMDWHEN 5 TE BEMBER N2 EDTH B, WHKEIE By ONEHEE 5
ABM, EM 3.9 D B, DEHEIRRLTD, IN5RBVINEEHICESR,

BATEABMICK 59, Blaschke-like BARICHIB T 282N EIEH ST 95 D,
HHETNIEDISHZEDEASIH? TOREICONTIX, SHBOFETH 5,

BE XK
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