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HDOXAIas—2M% T, tEHL. UTFidg>2TEZXS. Hilhm X, 054582
MCG, £ &EL. XA b I a7 —22MI3EH g DEGERMN ZPAY —< VHOZEEZEMTH D,
IO ZIE LTHRIZAX A b I 2 7 —ZMIEHT 2. 24 b3 2F—2HEL
4327 —MERRC & D EHERZEMTHD R C LFAMEE RS, 512, =X
a vy MLEMIIN S 69 — 6 XITOAK & R a2 > %7 Mk b o, BEHREROF
AEH =R brar sy MUZiiiREn s, =X+ ray o7 MeoBEFUISHZ R
FEAT = RIARE D 22 PML = PML(E,) TH 5.

McCarchy k& Papadopoulos i, & [1] i2BWT, BEARFERH OO N1%E%R % H

WT62D7 7R LENS DMEEZFANR. Masur [2] 13N FAAKIZONWT
TV, FEICHNDE 6 0D7 FADSHD 3DIE7 74 Y HEICE T 3 FIFRERN
JEL, 2 DAV D LR WHEAMEAMOE S ZEE T 2 L W ERTANNREFTH
5. ZZTIERD 1200 sufficiently large & PRI 2 IEFIEIERISXTIG S 2 B0 BRI NIG
$5. TZTMCG, DEDEE G, FIERORR2 20087 /Y 7EEE2ELL &
sufficiently large LM%, ZOKR G N7 /¥ 7 BB DEIE RO RIARDEAT A %
G DIBFRES ¥ FER ([1, p.147). 2L T ZAg = {[N\] € PML | I[u] € Ag,i(\, p) =0},
Qg =PML\ ZAg £ 5. sufficiently large & G < MCG, 1& Q¢ ICE A Hf
WAER$ % ([1, Theorem 6.16)).
ISA VR 3 RITNHIZER H oI S 2 CTH D, MERFEOEEFLR
DIEFIZA Y RAZHBE L LTRSS NS, BESEE T < PSLy(C) ofEHIc X D85 C
ZAEREE Q) MRES AD) CoElF 2. 774 U8 T id s Q) IcE
MHAEBLICER S 5.
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[1] J. McCarthy and A. Papadopoulos, Dynamics on Thurston’s sphere of projective mea-
sured foliations, Comment. Math. Helv. 64 (1989), 133-166.

[2] H. Masur, Measured foliations and handlebodies, Ergodic Theory Dynam. Systems 1
(1986), 99-116.

[3] H. Miyachi, Function theory, Dynamics and Ergodic theory via Thurston theory,
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465—496, Princeton Univ. Press, Princeton, N.J.



Hyperbolic derivative via composition operators

M s
R E—

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(DD). 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(D) such that

1f]l = i‘;g(l —12)|F(2)] < oo.

Then || - || is a complete semi-norm on B and is Mdbius 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 . Then H is the
Banach algebra with the supremum norm

[flloe = sup [£(2)].
zeD

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

For w € D, let o, be the Mobius transformation of D defined by v, (2) = (w—z2)/(1—wz)
. 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(D), we define that

) = T e

2020 Mathematics Subject Classification. 30H30, 47B33, 30HO5.
¥ — 7 — I angular derivative, hyperbolic derivative, composition operator, Bloch space, little Bloch space.




Then o7 is the hyperbolic derivative of ¢ in the sense that

b — 1 PP ()
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 ¢ (z) — 0 whenever |p(z)| — 1.
(iii) Denote by S" the set of all p € S(D) 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 3,] 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.



EEEBEEMRD L 7 F —HDOAIFER 72N DNWT
BIR BIE (LOA)”

BEECEH C NOHENMIRE D = {|2| < 1} L TERZINZ 2 DOERIBEE f,9 2
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)

RWETOORFEET LI 20D, X512, Ho(D) = {f : D — D HE|f(0) =
0, f(0) =1} 2ED, | ZEBXMBNOXME T2 & te] TRIX—XIFbhb
Ho(D) NOHIERIELDIE {fi}ier DIV TF—HHTH B 1F s <t ZifilcT2TD s, t el
LT, fo 2 i TRLTRIBLTWAZTHI L ERTS. L7 FH—HIZ Ho(D) N
D HEBOFREEHIICE T 2 U=y NFTHE (F - 7502 0EH) OffIcH
WHAL, Z DI S RAFERTEREGEGR OIS B W T EEREE ZH-> Tw5. ([1, 2])

WE, NIRRT EHREGEHROL 7F—HEER L, BRI NZL 7 F—FICBWT
HREKDL 7 F —BEHOEM L 2 25 RARBEICE I NS Z L 2R LE(8]) 22T,
{fher DEBHBEGROL T F—HTH2L13, [, D »5 C NOFEEELDH 2H
WO OEADOEBHEESRT £,0) =0, f/(0) >0 2L, Do s <t ZiflEILT
Ds,t €T WTNLT, f 3 LITRHLTIBELTWAZETHDILERTD. koL T
F—8HTIE (D) DEERE 72553, TEHEEBRDOL 7F—HTIE QO 13— HE
FERIR Y 2 2 UICBWTIRIR SN2 e o TV 5.

REHHTIE, WIEBEROAEHCTEEHEGERDOL 75 —$HOB {fihie ZHRT 5.
FOBIC, L7 F—ICNBET 24 (f), f = %, evolution family {ws,}s<;, Herglotz
family {P(-,t) }er) ITBELTHFE R LW,

BE X

[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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WS (RAHE)

HBEMG  (FAHEH)?
INERET (FAHE)”

Tz & 2 8GR =ABED 08 [5] 1SHi VT, BERIIEAFFO T EEZ ZER T 5,
BRI 7 v 7 ABELBWATRERR 7 v 7 ABHIEGRINT D %, FRSEGRT 7 v 7 ABED1E
BOARRER T HE D BRI 7 v 7 ZABETIR 5. TTPNC & D BERHI =AFHE T H S ATV T,
FRZMR D DR 2 %7 b TR WEGRI = MAHFE (2,3,00) & (2,4,00) & (2,6,00) D
ATH? 6], 22 TINd 3OO =AHDIEEERIBIHTDH 2 UAHEE 755
LD ZDFFEDFEMBETH 2, MANCEDEY 25 —8F (2,3, 00) DIEEHRH
HTH LA ETIEERWTI(7, 8], Z DM TIX (2,4,0) & (2,6,00) DIEEAE
[RESDEETH 2 VU2 R TKRD 2, R V87 b TIRBRWEGRIIL AR DWW T,
[ i2BVTBRCHEI T WS,

1. MTADHFE
RD Singerman DFEHRZEHANWT, ZAHT OB N O TH 2 UAED, ZH T,

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

F:<x1>"‘,l’r,p1,“',ps‘H:Uj pk:$m]:1>
j=1 k=1

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

1. T25{1,2,--- N} DEHRE Sy NDHERT ) : T — Sy BFEAEL T, 6(I) DIEH
BHERRHITH D, 0(x;) ERE mj/nj, - mj/n;,, D p; EDOKEIEL DD 5 72
D, O(pe) 23 6(pr) TEDKEIBEIOFE TR SNSRI, ROFEXZHZT,

s = Z 6 (pr)
k=1

2. WHHTEFEIZBE LT vol(H?/T,) = N - vol(H?/T) %7z 3%

ZDLETDIEMN OFSHELED, ={geT |0(g)(1) =1} e LTHELNS,
RIZT DERRZERD 5,
ol 2. /3]

BEGOERRE (A |jeJ L. BEGOMOEE HICH T 2 ERKEEKG/H D5
2RERE (B |kc K} T3, ZOr &

A;By, = B,Cy

*L e-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,

HICPUAREOREE SR DR Z 23T ODERR B, By, Bs, B, 20T, D
B2 Poincaré DEHZ W2 23, XD Lehner DAERDEITLDO,

e 3. [1]
B, DIEIERZ w; (1 =1,2,3,4) & L. 73 = Bs(wy), 7o = Ba(13) £ 35 & X, (wy, w3, T3, Wy, To, w1 )
DI A 6 ATE DTERMIC 72 %72 5. By, By, By, By (ZVIABEOEHRAER 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%ﬁtﬁﬁﬂﬂelh+&
W& 5T OEBITTOBRIE

(A1) = (2,3), 0(A2) = (1.2), 6(As3) = (1,2,3)

Y15, FRCT/T, DEERFRE LT, A3, DN DT, m@E2 &0 Ty DERK
T LT
By = A2, By=A,, By= A;2A;'A2 B, = A3?

7\7731;/\‘( .B2 32 Bél = BlBngB4 =1 %?ﬁf:j—o (11)4,11)3,7'3,11)2, Tg,wl) 75%&&5&@
6 AILDTEMIZRZ Z e, M3 & D (2,2,4, 00) BIDVUARED (2,4, 00) D=1
B DR i nite LTELN 5,

BEER
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[3] W. Magnus, A. Karras and D.Solitar, Combinatorial group theory, Dover (1966).
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[8] K. Takeuchi, Correction to the paper: “ Subgroups of the modular group with signature
(0;e1,e2,e3,e4)”. Saitama Math. J. 15 (1997), 85-90.



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

AN SN VAVENIE Ve Jhe
PR fEF (UMK R - 747 - £ X R b VRS

1. [FL®IC

STEREEMES (LAC) 3 T¥EERREHHHC B 3 kR 0B 25, FHHS (1]
CHREX NS 2 X TERML XN Y S A Th 3. ZHEMEREs L
(Es+m)7= (a#0)
&t (a=0),
IEIEE (o = D)2 a YV 4 K (a=-1)IXREXN2hEr o722, ZOIHETD
BEIORATA—ZXac RAFERFHEE L Jidn 3.

HE 1 (SHOBST 71 V(2 3]) iy ICHL, B3EEFERy(w) RS Ca

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

FOL—2 Yy FHIED £E(s) = £ncR THRENZ HDT,

AT elE, ZODBIRFEE D LACTH S Z L ICFAETH 5.

7 08 [4] 1Z LAC 2B (V —#£ Sim(2) = COT(2) x RZ D2 7 4 V3%fil) 12k
I AR ETEDOAEMIRT, =27V vy RBNCEIT 244 7 —OiEffR D R B
ELTHEDI OGNS Z e R L. AEETIILACZRHEO 28T 71 Y %
A 2% (V) —#E Mob(C) = PSL(2,C) D7 7 4 ) 1281 % BifR O XHFRE
LTHERMELAZZEZOWTHE TS, ZZ TR LACHHIME L B L TA T
DHERTH-> T, WRFBE I L CEBE ROV DOBELATVS.

2. XEJ R

HifR c(w) = (c1 )T : R 2 i REI L det(cy, c) # 0 ZIRET 5. ZHITHL,

Md = (c, ¢) € GL(2,C) DIEFRLE X := detd~z, A = (X ckoTED, 2

DRAETZAREIM ;= ((cA), cA) =PA € SL(2,C) T3, 2Dk =71 x8RK

ey = OMEM =M (% f), wM=-28 (0—2> R (—(02/01>w) + (—(Cg/cl)“’)z
v w0 b &1 02/01 w c2/01 ’

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

T5. BVHAZ 5, SR [c(w)] : R — CP @ PSL(2,C)-FfEHIZ > 2 VLY

7 Syule] & —X—H 5 F 5. AR, AePSL(2,C)IZk 3 ][] e CP'DIB% [Ac] & D K.

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

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

ABFFEIX JIST CREST GRER S JPMJICR1911), BHFE FRERS 25K21661) DB Z 21} 7-.
*le-mail: s—-kumagai@hi-tech.ac.jp / shun.kumagai.p5@alumni.tohoku.ac.jp

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



DD VD EDST 2 VNI Sl BEBETH 2 Z L ICFAETHS. ZDL
w (k=0)

DI D LD,
eVRv (K #£0)

% PSL(2,C) DR EE L LT [c(w)] = {
3. EER

EA - IBELRER v (w) : R <5 CIIH L oy (w) == (Yo (@), Yow(w))T EBL e RS
C? I3kt 2 A7 L, ZOHEET N ¢ | E TV 29 VYT Py i= Yow/Yw
TREIND. BwlilHL, ¢ (w) Z XK TED 2.

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

EIE 3 iy DPEBERy(w) 2 b o THET 74 Y1) 2ARLTROIR, mAcFER
E2BRE s, = e, k¥ = e T, 2% B e PSL2,R)IZHL [¢]] = [Be, | THB.

1 _ f)/w(w +8> e 0 ’Yw/sw
[ (w+e)] = [—%j(w) ( 0 6_5> ( /__1,yw/€E>
DD ILD. TDEE [ch(w)] = V-1V THoT, & IBRFE D LACD
HE7 7 4 Y (1) & A7 TEEFRy(w) 12 LTS, Py = (a — 1)2 25 H 32D.
EH3 & D LACIE S, Py DIFEERE 72 2R R y(w) Z b DMy D7 7 RITET 5.
TRDOHNTRT L2122y 2 RITLAC KD EITKE L, £/, ZDO0EL
IR EE OO LACYIE T 27 FRARED Lk BFET 5.
, B — o 2y/-1
Bl A Ry (w) = w + V1w X Py = R
EHE 0 = wlt) = 1o, k€ REBLTHONBRR (1) = 1o + V- T5e™ 13
Ak/—1eFt + k2
2v/—1ekt + k
Bl B FEUZHE (o = 1 DLAC) DFRy(w) = e VD3 S, Py =02 AT, 1B,
Z ZClde, DHEMIESRAE A7 3T, M2 IZEREH XAk,

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

%Rﬂzo%&t?.—ﬁ,

Py = , SiPy =k &2 A77.

flC 7uY 4 F(a=-1DLAC) DFRRv(w / VI & Sy Py = 0% B 725

SE X
(1] FEHEAE, ZRIZ, ZILAEE, “HfroEAEEE BT 74 oM, 7Y A4 VTR, Vol.42, No.3,
pp-33-40, 1995.
[2] =HE LS, “ELVHRO R 207 7 1 VM7, WET#EREE, 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 080 4), IBEE, 2010.
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Wkt HERE (Bt

1 (FCHIC

P MAEIENEN ENEZMNZRRICHRDOZAETH S, HAHEZONEBICEEN
LZHEMNEZ SN L E, ZNEOHICFEFHCNERS KUNET 2 L =AEMEET %7
HORKENEME d? =1 —2r TH D, Chapple DA FE 7213 Chapple-Euler D F
ELTHIENT WS, 72720, r BNEEEE. d BEED SNEMOHFLE TOREEETH
%o TDONIUE Chapple (1746 [2]) & Euler (1765) MWHNACHRA LIz SN T3 (i
HUZDWTRHIZE [20) Z22H), £/, FRRICHENMMHE ZONEBICETENSHNEZ S
Nz &, NS5 OMICFEIFIC NS K CHEET 3 WO TEDMEES 5 T D4 E A
DEME 22 (1 4+ d?) = (1 — d*)? THY Fuss DR [10] EFHEN TV S,

<N AN
9

1 JE: UL =AAIE (Chapple ORI d? =1 — 2r AR DILD)
Fir BDPUATE (Fuss OEH 2r2(1 + d?) = (1 — d?)? KD I7D)

—J7. 2 DD L TAHLZMIEMMAET B L & TD XD EAOLZAHICIZIRBICAE
19 % T &M Poncelet OFER [17] GEHICDOWTIEFIZ IR [4] ) MHIRaEE N5,

EI 1.1 (Poncelet OFEE (f8A/N\—23Y)) 2DD/M E, & B, IKxfL T, Fy I
N$z URIRFIC By Z29M%S % n AIENEET UL, B EOMEEDORICR LT, 2OM%z
THRICEH By I LFRIREC By 299 % n MIEDMFEES %,

AT T, Blaschke B RFOREM22NEMEEZFIA LT, MICHET 22 AIPICH
I BaEZRD .

* T239-8686 #hA%) [[WEARZARTIEK 1-10-20 B KA BOFBE =
e-mail: masayo@nda.ac. jp
AW O—ERISRHFE (FEES:25K07039) DK ZZ 726 DTH 5,
2010 Mathematics Subject Classification: 30J10, 30C20
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2 Blaschke EH5EF S AR
DUF., #E&EFm EoOREMNZ D £EL,

EFE 2.1 XDz Uiz d XAHEHR%Z d X (AMR) Blaschke £ & -5

0=0MmD B(0)=0D&E, B ZiEHE Blaschke fE& 5,

N 55 X 5 7% Blaschke FEOMRICEI I 5 [EIX. #2H4E Blaschke DAz A
FEt+0THhiTEehbNBDT, 5%l B LT

2 —ag
B(z) = zg = ar € D.
DIEDFEHE Blaschke FOAZ S o
Blaschke f#id D &2 H& D LICE S IERIBIT, D LMK THS, £z, 2 € OD
WX LT B'(2) #0 ZH7z9 (FIZIE [14, Lemma 3.1])s L72AW>T, A € dD @ B I
X351 0D LOWRESD d M DR 21, 29, , 29 MOKB T EDNDOMN B, TOMNEZ
ML T 2 MEHOMRZEANT 5,

21 PR

E# 2.2 d X Blaschke #8 BICH LT, N€0D O BILKBWR%ZE 21,20, ,24 £
. . —1

X CHD d O S REAT S 2 SR % ROEIN D75 BB () L5

o TOEE, HIE L = {0\ }rep DAEMZ B ONFHIFR LT 15 £EL,

P!
9 NI Ok R 30, 2, —1 41 ICBERFD 3 RE
# Blaschke FOWNHHIHR (L&)
Z—Q

2.3 2K Blaschke B B(2) = s £ A€ DISHLT, BICkD A IS5 2 1
— az

ERESEMOTERBHEDN S, 2 —a=\Z—a) £E TS, Lizh>7T. NEBHERIZ 1

m{a} TH%,

3 X Blaschke FEDONEBHIFRIIFEMICEZ S Z LMW, ROEHN S DD B,
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EIE 2.4 (Daepp, Gorkin, and Mortini [3, Theorem 1]) B 7% 0,a,b ICE{RZHD
3:5(*?@ Blaschke f'ﬁfaj‘%o A€ 0D sz‘d‘bf\ 21,29, 23 ZZ# BIlcXD A 6&5%1‘5%73
%3RET D, TDEE, 2,2 ZIESEUIKEM E

E: |z—a|l+]z—b=|1—ab| (2)

KT %, Fh, W E O&EIE. B(G) = B(() RS BAIE LOMEAS 2 545
(1, Gy s RERROB L 75> TV B,

ER 2.4 0 (2) TEXAHM E FHEAMNICANET 2 =AF Azizzs IKAELTWS
(K 3 ) DT, Poncelet DEFICEF ZNAIOKEMICEZ>TWVWD, Tie. TOBH E
& a,b ZIEEMICEDH BT ORI L BENH S EMHSNTWVS [12], Poncelet
DOEH EBIKDOBIRIC DOV TIEFI AL [11], [15] &K EZ K DN THON TN S,

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

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

o HifiifJICNIEL T F 29 Ed 2 =AEIMFET %,
¢« % a,beDICHLT, EW|z—a|+|z—b =|1—ab| hBEXBHEMNITHS,

EH 2.5 &, Chapple DARIT BT B HALDONEBDO ] ZFE N kR Uz 2 5 2
TW5, Tld. 4 X Blaschke #E%x#& Z 2551 Fuss DN ZIET B ENTEB
A2 RIZORERHS

5l 2.6 —fD 4 XX Blaschke FEDONEPHIFRITEZTIERXD 6 AXDOREHIFRTH %, C
DOWEBIIERZ RS 6 Xk, TDOT7 T AT 7 MCEHIFTERWL 50 DY A1 XD
ICix%h, BRI Blaschke fi% 5 2 (U5 LB HATIC R D . S AIRET H
%, X 41&, LUFD 3 DD Blaschke i

z—1i -2 z+§i

Bi(z) ==z 2 3

) 2. 2 2,
1+§zz z— 3%z 1—§zz
z—1 z—(3+30)z z—(3— %)z
By(z) =2 11, 1 _(1_1; 1— (L35
5% (2 2@)2 (5 + 52)2
1 1, 1,
B(z): 9 Z+§ .Z—<§+§Z)
+ 52 (2 51)2

DNERHIERZ 2 3 D (lA&HR & AREHhRR) O ETHE L7z D TH S, By DWNERHIKR
T (2 1) ICRA B, FUd. By &

1 —2+1

z— 3 z— ==t

bl(z) =z 2 > bQ(Z) =z _232'
-1 - 2+,
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Lzl ZE, By=byob, £EIFB, LIieh> T, By ONERREFRIE by ONERIFRTH 5
1 BB S {1} ZEATOS,

X 4 4 X Blaschke BOWNIHIEROH): oS ZNZFN By, By, B3 IKH LT3
FE 2.7 —RIC, Blaschke fif B W< DH D Blaschke FEDEK b, 0by,_10-+-0b; T
FHFB L E. B ONEHIERE by ONEHIFRZ ZEC L ERMRICIHS N TH %,

LoflD B, OWNEHIFEHEHAZZE X SICHA 2D, ERICKEHTH S 2 LR SE
s,

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

DEWZ B=byob B EE, B ONERHRR I 13
Ig i |z—a|(lz— fil + |z = fo| =7) =0
T—Iiﬁ.%;\h%o foCL/\ fl,fg CiQLj—\'ﬁ*EmEiﬁ t2—(a—ab)t—b:0 @ﬁﬁf%b\ r Cilj—\'

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

THIC, REDO B,

EHE 2.9 ([6, Theorem 2]) HNIFICNEES BUMATZICNET 2RI, 2 DD 2 X
Blaschke FED G E UTEIT 5 4 X Blaschke M SRKEINEEDICES, 35D bH,
FE EiCx LT, RIEFEETH %,

o HMICNIEEL T E 29T 2UMAIEMFIET %,
« 5% a,beDISHLT, E W[z —a|+|z—b| = |ab— 1|/ 052 oz s
HEHTH 5,
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EFE 2.9 1% Fuss ORIUTET 5 HAIONERO M Z/EFICHRE LR 2 52 %0 &
2.9 OFERIE. &IC Gorkin and Wagner [13] ICX D 2T FAXRL—Z 05 OERN T
MENTWVS, £z, Aksoy B [1] IZFBWT 2" X Blaschke FHED G EARND 77 i A]
AEVES K U BUIHDMEIIC 72 B S DO T DS ZTT> T %0

i, Blaschke b 53E & 2 HALMIMR DM O HiFRZE A9 %,

2.2 H\EBHhHR

E#& 2.10 d X Blaschke i BIZXH LT, N€ 0D @ BICKX5WMG7% 2,20, ,2q &
BLo Ly 72 21, ,zqg CHAIMICEET % d RO SRAEE LT 5, N DFAIFJE
Lz LE] Ly DEDF 2 ERDOLZ RO Z B ONERHFRE W Fp &<,

5 SVRHRHROMERGE

z—a z—2D>

ffl 211 B(z) =z - —a 1.3 DL E, MWEHER Ep 3B(E U 2 Xh#R TH
— — bz

D, ROTERTHABNS,

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

X5IC, (3) & (Ja+ b — 1)% < |ab]? D& =R (Ja +b| — 1) > |ab]? D & ZHEM,
(Ja+b| — 1)% = |ab]? D & XHIROFTRK L 755,

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

/c

_
T

M6 fa=2b=bidi da=l-dib= bty fa=anb=—b+}i
722U, ap~0.668 1 a* —4a® —6a®> +4a+1=0 OFO—D LT3

—fRELD Blaschke FEICBH L TERDMEEMEB NS,

EIE 2.12 ([7, Theorem 2]) B % d JAFHE Blaschke Fi& 9% & &, SRR Ep &
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wAR d—1 XROREBEFRTH %
E 5T, MBI & AVERIIFR ORI 13 B B DO RED B 5 T L D5,

EH 2.13 ([8, Theorem 5]) B % d XIFHE Blaschke K& L. Ejf %2 B OV
DETEDIFHIRE T B, TDL &, MBI

TEABNG, L. wh(z)=0& By D7 74 Vi OEHRITRTH 5,

213 Z2f5 T & T, A ELRZ SRR D S FLE AR R RR 72 M B
CENATREICE B

3 Blaschke S EX 5 ZHA

3.1 Blaschke ZA¥
DUR, ZABIMNZALOATEL, BHZAREEDTEZIS T LICT 5,

EE 3.1 2DO0M E, & B, IS LT, By ICHBELRERHC B, #9459 % n AlE%R
Poncelet n f1E & M,

bRz X 91, Poncelet DEMIZANFICIEZ STz 2 DOFEHICH LT, Poncelet
n AIEN—DFET UL, 1-/3F A—2 D Poncelet n AEDN SR HENMFAET ST &7
REEL TV, T Poncelet n MIEDIBICH LT, [ n MEOHLONSERZESITE
DEIFIVICTZZMN? | &S Ri#% Shestakov (1814) W& A, FIHEERN S TAHZ L
ZTzo TORBEIX, #1200 F5£D 2016 FICLLTD X S ISR E iz (BRICDOWTIE,
(18] Z&),

EHE 3.2 (Schwartz and Tabachnikov [18, Theoreml]) FE, & E, ZfH& L. E,
X B ONFRICEZENTWE LTS, £, TNHE5DOFEMICH LT, Poncelet n D
1NT A =REMAET B & E n MIEOTHRO RO L EEEBLT n AIEOH
HELNLELERE. TNTh B EHUGHEHNEZE 1 S EE586L %5,

COREIZ, $IEEH 2175 2T By 3HNMTH S L LTE—REZELEDEY, £
Tz, EHL 24 & 2.5 5 Poncelet =L, 3 X Blaschke 5 E % % =M &L
WO T ENDLND, THI, —RIED Blaschke BN SEX 2 ZAILEEZ T2,

E2 3.3 d XX Blaschke & BIZHW LT, A€ dD O BIC X3 xEHE LTS d AF
% Blaschke d f4TF & "L,

AE 3.4 CCTlE. TDH Blaschke ZAEDIELEDONEEHLD FH 25 DT, Blaschke
Z MR MEZAIGICIRE L < THMER RV,
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Blaschke & B ® Blaschke £ D501, B ONERIFRICHET S L0 S HE 2§
Do LML, B OXRED 4 R EOEGE. NEHFREATAO®E © HEEIRE D, %
NICEBED 5T, RBKNLT %,

e 3.5 B & d XIEHE Blashcke &9 %, A€ 0D &35 & & NITHILNT % Blaschke
d AFEDOTEROEEFOHN B AESIEMHE L 1 S ESESETH S,
FE 3.6 Blaschke ZAFEOEREHE LA LKA ESIE 2 RIGFRIC R 5 R W0,

ZRIC, Blaschke ZHEZEMICNET 2 ZARICHEET A E2E ATV, TDT2H,
HAT P C1ERIZ: Blaschke BZ2E M2 IR > I X FEADHEHOMEE TER I NS E
BELUTHET A E2EZ 5,

3.2 Blaschke-like Zf&H, (Joukowski ZHlc K 3)
RO DEBZ ., Joukowski (XKykosckuit ) 2541 & LS,

1 1
2 —) O<t<l).
1+t2< w+w, 0<t<1)

COFEHIF w P EOBAIHINRZ 2 i EORIR E, ONERICE T E[GHRTH %,

}, },\\ L/\ E ”

TEEZMEMINTH B, TEOBELE e (0<e< 1) ITHLT, IFEL t BEXNL o IC
X o THNFIARIIEELED e OFMHOERZFFOMHEIICE S T &N TE S,
fZH4E Blaschke i B ICx LT, B, = ¢ 0 Boy; ' &8,

z=p(w) =

ot

w
O = ©®
]D) i’ ]D) U)Q w3
Ot \ \ 2N Pi ‘ \ Yt
— Z9 3
C\E, C\E
BCPt ¢ g) B<Pt N\M

7 Blashcke-like G4 B, = ¢ 0 Bop;

T T Ty o(1/(2w)) = @(w) BRDVIDDT, ¢ : {1/2 < jw| < o0} — C\
E, (onto, conformal) D ¢, : D — C\E; (onto, conformal) hbnz, Lizhio
T, % 2eC\E, ITHLT. ¢ '(2) DK w T |w| < 1 Zililzd & D121
T, TOLE, B, EHEMKOIMIC\E, ZEEIC onto 159,

& 3.7 FRlDOXSICHK LTz B, Z B & ¢ ICBI9 % Blaschke-like 55§ &5,
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Joukowski 24 2 = ¢ (w) & D LOMEREBKTH O, HAME oD LTk

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

L%, ThERAVIE. X e B, IZif LT, B, OMig%#2 % & T, Blaschke %
CIERRIC TNERHAR ). THMHERR ). [Blaschke-like 2] ZERTE %,

WEBIIFRICEE LTI, 3 X Blaschke B B & ¢ B9 % Blaschke-like B4 B, ICD
AN/ CANE IS g

EE 3.8 ([9, Theorem 4]) 3 X Blaschke f B & ¢, ICB9 % Blaschke-like H {4
B,, ONIHIFRIHEMITH 2, THIT, F2DDMEM IE, (0 <t < 1) & By IKHLT,
OE, \CNE LFEIFFIC Ey, 29\ %9 % Poncelet —fAIEMNFIET H DX, B, D5 3 X
Blaschke # B @ Blaschke-like % B, ONESHIFRICR2 & IR 5,

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

EHE 3.9 ([9, Proposition 7]) B, % d X Blashcke #&& ¢, ICBI9 % Blaschke-like
HgETh, A€ OB, LTHLE ND B, ICLBWGERELNETS d AIEOEMSDT
Hoh 55 HE G OE, EHLEUEEMNE 2 1 i 5 A585I1CE 5,

CDOEMTIE Joukowski ZHa/h SR E 117z Blashcke-like BARZFIH L7=hY. FH#
SRR OEICEAICETEHIIMICENVANWADH S, TlE. HloZHEERIH L
TG EEIRBIEAIM? I OMEEEZ S,

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

AT P 72 S FIMR D NERIC A I B 2 iE, Bl A Schwarz [19] IC K% Jacobi /5
MBI MY 5L DONHSN TS, LU TIE T OZHZFIH L T Blaschke-like 44
ZRERS % (cf. [16, ChapterVI]),

v dw
k)= [ ,
R A [Ty

! dw
K =
=) Va— w1 - R
2 dw
K’ = .
) /1 \/(w2 — 1)(1 — k?w?)

—1
u(w) = u = Z——l—l’ v(u) =v=c-sn H(u, k),
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z(v) =2 =

72120, k& cldlog /22 = K, 75‘3 log 1+p =cK (k) ZPHTcd XHITHES, X

1-p

To. HEZRDE S ICHB L,

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

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

DZ:{|Z— /1—p2|+|2+‘/1_p2| < 2, Im(z)>0}

CDEE u,v,x, 2. TNEND,, D, D,, D, D, ZRXRRETE[EIRTH %,
INHDOEKRERZ v LB,

z=7(w)=zoxovou(w).

v & B D, 5 BRI D, "OEMBETH % DT, Schwarz OFERD FHEED
5D & & ={lz—V1-p+]|z+1—-p? <2} DLICETERGHET DMHET B,
COLE, G B;=50Boy k¢, kD Blaschke like BRICTR %,

3 JEEHE Blaschke % B(z) = 2 - f__aaz 12 _5 ICHLT, M8 & pr0.67T DX
OE, DB MDWIGEH 5 T X BEEHEEIVZ LD TH %, WEHIE B: ONTHIEE 5

ABM, EM 3.9 D B, DEHLERRLZD, INS5RBVINEHEHICES R,

BATEHEABMICK 5T, Blaschke-like BARICHIE T 28 MM EIEH B2 5 D,
HHETNIEDISHZEDEASH? TOREICONTIX, SHBOPETH 5,

BE XK
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