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felZLEF O CP, PR, IR, NPR, NR [ZZHhZi Combinatorial Preimage,
Persistently Recurrent, Intermittently Recurrent, Non-Persistently Recurrent,
Non-Recurrent DB TH 5. &4 DEEEFRFOROEEE LTI (PR)g., (PR),,, -
RELFTILETE, ZORPLLDLPALIIC K ORBEI N ce IM OREET
#%; (or #5) < 00 9 = 0o WTHA DT L, EiL #X, (or #3) = 0o DHEZr- B OME
Lo T3BVIBARTTIOTHS. LRI (IR)( PHEEICROF T #5, = 00
BIEI D& ILRoTND DL, & | -
|  lim sup 75(n) = 00, lim inf r2{n) < 00
DRI #T, = 00 ERBBDHTHD.
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(IR)M, (NR),, @3 ?ﬁ?ﬁf?ﬁbé
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RO DD THHERTHS. £T (CP)g. DRITOVTIIRBRY LD

Proposition 5.1.1. =z ¢€ (CP)K. (Bih, #5, < o0) i biE, 5 k€ NU{0} BEE
L |

| fro(z) € [ P;(0)
' . j=0 '
yirY:)2 iﬁ“ 5.

(Proof) : Zfib®hb ngeN, k€ NU{0} BEELT n > no 25 m(n) = n—ko
L7723 (ng = supE +1 &Fhid &V, Figure 414 B2fR). ZoZ i L, r-BEOERERNDL

' | 'ﬂﬂwwe%w@
LA EMLEREES. oo

Remark 5.1.2. ZOfERMND, b L 2 F5(0) = {0} R&NnDHI &K iofl(ﬁ
z = 0 CRFTER th D LbhhiX, (C ) BT HEEIT 0 OUBEFOEA
BTpzlicizy, TREATHDIILBDNPD (ERZS5THD I Lkl x_j‘é:h%’))
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Proy(F¥(@)) 38 0 2B DL DI 0 DIES ~NR2TL HZ L BF LTS, =R T
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Remark 5.1.3. Combinatorial Divergence Theorem 234 TILREN TS DT, 47
% ce (PR),, %741 (IR),, ®&&ZiT diam Po(0) — 0 (n — 00) THY, z € (PR)4
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THFBRDPY T ,

BA%IZ 2 € (NR). (PR 25 .

Proposition 5.1.4. z € (NR),. (BI®5, sup7, <o0) DEE ny =supr, +1 B E,
EED F>01% LT fi(z) ¢ P, (0) Ths, Bb zid f O iteration 125 o T (} DHBH
_ﬁ%hﬁﬁor 74 AT

(Proof) : ‘Zibéj E’.‘X‘}‘L'C fj(x) € Pos(0) THDHLTHE
| mw%m»wﬂ(%ﬂu»so
Thd. HoTr OEZERLY
To(no +§) 2 (no+ §) — § = no > sup
RV FEEAELD. Lo THERIIKD I, ]

BLETENETNOBEOROEBOHER Dot EENENOBEDOETED
HEHbDH> TWIETE B S, 4 Proposition 42.13 (2) £V 7(n) = t4p(n—1) T
HBMH c€ (CP)pp (PR) oy (IR) 0y, (NR) y 1D T ETHRATEHN 2 = f(0)=c &
LTHMT . _ ‘ _ :
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T OB 2R RBZ LIS, HELZOEDIE me NU{0} T LTHEE

K, %
| Kn i ={z€ K| f*{z) ¢ P.(0), n=0,1,...}
LEHLTHL |
(Outline of the Proof of Theorem A) : ,
AN 06uwd“wom%Aﬁ0mw%%% ﬁé@fﬂﬁﬂLﬁUKpmkmﬁT@
BT CIER Sh TS, Ko TUTTHRAIRE LT, ®iC
o¢Jsrw

n20

ThHDHLRETD. |
(Step I) : F9, NIFA—F—OHFEHEDLT K, (m € NU{0}) OFR, BLT
K\ K* = Upsof (@) OFRIZBNT K BRITEFTHHZ L&FRT. Thbiddtic
~ Poincaré metric > 75 (RS REEH O L FICLHEIFER) TLVFREN
%. Proposition 5.1.4 & V42 (NR),. @& z 02V CIIE% % m e NU {0} oL T
z € K, THBDT, /T A—F—05EHICEDLT, (NR)g. @ﬁki‘cﬁé%f@ﬁ*ﬁﬁ»
mENZ &S,

CRIE, AT A OIS T (PR),, (IR),p (NR),, OEHEITVTRAIC
K=Ky # =0 CREERCHHT L ERO RS LTRT
(Step II) c& (PR),, £7iX (IR),, PHA

Combinatorial Divergence Theorem (Theorem 4.2.10), Proposmon 4216 (1) & Proposu-'
tion 2.3.11 £ 9 ﬁ"ﬁ@ﬁﬁﬁm‘&é (§4.2 DEBTHRRILLBY THD). '

(Step III) c € (NR),, G)%A

Proposition 5.1. 4 %0, 5 meNU{0} KRLT f(()) € K TH DD (Step I) T
Lz b K X f(0) CRPTNERTHS. [ i branched covermg ROT, foT f(O)
DEBTHS 0 ihn‘ob\f%%f@ﬁv&)é |

BECOTROBA D 2 =0 THRRABERTH S Z b, BT 2 =0 B DRTO
%ﬁ@#ﬁﬁ%k@%AuowTUTmi9LLTTéné |

(Step IV) c€ (PR),, 7z (IR),, 0%

Kmh.@ﬁ@omfﬁOﬁ@%W@ﬁ@maowﬁ@ i/ B 2 L BsbH Y (Remark 5.1.2),
f X branched covering CH I HLDRTHRAIERK L WA D, (PR) 4, (IR) . DARIC

SV T3 Theorem 4.2.15, Proposition 4.2.16 (2) & Proposition 2.3.11 2> &t EEE DS
bhd, BYO (NR)K‘(D RE K\ K* == Upsof (@) DRIZDOWTITETIZ (Step I) CRE
B L7z,

(Step V) ce€ (NR),DFA :
£ﬂ®4ﬁﬁ®%ﬁﬁ&bf_%ﬁfoﬁfé%ﬁmm%éné
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RO S R UTRFEMSEIER SRS, Rk, —RO MEREL Y ZHFETR
720 B4 Proposition 4.1.5 2 % & 12 LT T % partition %% 2 T, % partition iZ
BT AR ER L‘Cr‘lﬁ@% &Tnvﬁ; V. | , =}

(Out]me‘_ of the Proof of Theorem C) :

¥T K\K* = Unzgf‘“(a) ORFFTERIVBEOTSHS. RIT K* ORATHD ()2

b (iv) &L BREOTHHI L%, ¢ OHFEICERNCEGTIRUTOXSCLTRT
(3 : TEAMIZ) LT O (PR)g. ODHEEOIERD c € (NR), DHOGEICER Lfcﬁ-
< fa’:fét&)“(‘ 0)&%"”7‘\_?)‘5‘]?&1/ v 5). .

(Step I) (CP),. DAITAVT :

0 TORFEMEMEND Z O X S AT EE L7b>7f£b\ (Proposition 5.1.1, Remark 5.1.2).
Lo THIEOTHB.

(Step II) (PR),. PAKDOWVT :

c € (PR),, E£7iX (IR),, ThDHLTH. f1E< Y ZHAHETHRNE LTV \Z)O)'C Separation
Lemma, (Lemma 4.1.2) X 9, 3?3%) N eNIZH LT Pya(0) C Py(0) 2725, Z0X5%
NeN%1-oBET.

Z = {g; € K* | supy(n) =00, lim'%)rolfrm(n) > N}

nelN

L¥ne mG(PR)K hbreZ Lib. JZO’C |Z] =0 &REE+DThS. z€Z 72
5 supr;YN) < 00 T&)Z)ﬁ“b

Z = U.Zk, Zy ={x € Z | max7] 1(N) k}
k=0

LRED. KI
| A ={A(2) |z € Z;, n 2k, um(n) >0}

2B E A, DRERBRILENE disioint ThHBH T ERTEND. &t 2 € % 72D

Dmmy=c0 (5.1)
. =0
ThBIEWTREDOT (I : ZOWHDOIEHD ¢ € (NR),, PHEO—HETEA LA
725) S |
' ch{zG(C Z .modAm'oo-}
ZEDA,AE.A’,, l

MY L. §5 & Lemma 2.3.14 BHEX T |Z| = 0 B8FRED. #-7T |Z| =0 Th5.
c€ (NR),, DL %X, 25583 p 12T 5 Divergence Theorem 23785 DT
Theorem 4.2.15 £ ¥ (5.1) B S OTZ I THRAZEEABEOE EBHEIS. LirL, B
D& H3FAITIL Divergence Theorem D3/RERL 2%, £Z I I Tk ce (NR),, DHBE
TRTITBEBRATDRIOLET (K| =0 &Y. ORI (Step V) & LTHERS.
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(Step III) (IR)j. DRIV

z € (IR)g- ¢ BiX

sup T,.,(n) o0, liminfry(n) <oo
neN n—00

f%éﬁ,ﬁm
: ' hm mf 'rm(n) >N

chiiLzeZ L5, (Step 11) &0 |z|=0 vcg;,zm B rDF IR AKITEE O T
4. Lo TBATT '
| - liminf rp(n) < N

=00

LB R o e (R #EXD. 2T

l:msuprx(n) > N +1, hmmffrm(n) < N}

n—oo

Y::{meK*

LBk, CORSRMLY KBEND. XoT V] =0 ZREE+HTHEMR, Koebe's |
Distortion Theorem &> 7-Eia 0 Y| =0 75>=IEﬁfi ahb. '

(Step IV) (NR)g. oamczowc :

Proposition 5.14 &9 z € (NR)g, (&2 TH ‘iiﬁé’}iﬁ me NU{0} LT z € Kn
THD., LoT |Kpl = 0 ZREE+HTHLN, K, INHHEIERETHDL LR
Proposition 2.1.5 {2& 5 X 5 RIETREDLDT, Theorem 22110 |K,|=07Ths.
(Step V) c € (NR),, DHE : _ _

|Jgl > 0 725 Jp @ density point z 1 IR LT w(z) = w(e) 2 ¢c THhHI & EIEH
4% (Proposition 5.3.2). 2% 9 |Jf| > 0 72bi BEAETRTD 2 € Jp il onT
w(z) = w(c) 3 ¢ BRY LoD THD (Lebesgue’s Density Theorem). —7 ¢ € (NR)y,
72 & Proposition 5.1.4 £V 0 ¢ w(c), #oT c ¢ w(c) Thd. £>Tce (NR), &b
[Jpl =0 TH 5. | |

UENX 3T LTHEOTHD Z LIKFEHENS. 12k, — RO rﬁﬁﬁﬁf <D ZHWHE
Tk BEITRINEREMED L & LR UL Proposition4.1.5 b £IZLTTED partltlon
%% T, 2O partition LE@'?"?DT-—E@?&%‘E% LT, bEixEogEREITRIZL N

U EFETHONELBY, K* OELZ 4BVIIHELTE L OROESINME 0 m

BILETTORS, FRILNDEETD DS LEVRAERL, ThOIMEOTH
BILERTOTHS.

5.2 Theorem A DEEBH

(Step I) : BANC z € Ky, OEAITHIT BRFTERIEE ST A —F— c OHRTITLD
ROFETHRY, EODIT Li=#P, —1 LT

P\ {Pa0)} = {QW,Q9,...,Qu}
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ELT, & 5 QW X LTHEIR UD 2 U9 D QO &L, %7 f(QW) > QW ok x5
(U(”)) SUD & fcﬁ%’)c}: HITHERT D (B QW, QW (i # j) IX2WTik piece DIEYD Hir b

FQ9)>QY ik fQO)NQY =

DELLI—FRRY 0. i f(QD) > QY DL &EiT F(QY) & QU BERE—EE
ﬁ@'é l‘:?)hﬁ)éﬂ)‘f —ITLFL S F(QD) D QY MEY Lo ki RO 2W). £0
kI 5e U _(”) i1 QY OBEREHERT D external ray % “oblique curve” IZR
% external ray o:ﬁ%%,r.‘—:w)% Vic disk ZO AT bD) &iRDHHB, FELL %ﬁm LBy
ThHD

%7, oblique curve }.: i% Riemann map ¢ : C\K — CC\IE}) ks {re*® |r > 1} C
C\D D5/ &R L Th 5 external ray R(8,K) % Figure 5.1125H 5 & 5 72 curve

| exp[--2m{y = oz — IL'()) H C.C\ID)
J:égl‘éﬂ%b »%%75":{.72_‘60)'(5)6 (E: 150 external ray 123 LC 2K55).
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Figure 5.1 oblique curve.

K NT,, 51 land 35 oblique curve C; Wb HBEBOEH ¢ > 0 ZAWT {y =

elz — zo)?} DHOKWHRE S LI LT, B exp(—2wiz) & ¢! EROTHERT D (b5
% A zo 1% oblique curve 'C?eii 3). ZOEH c> 0 F+HaRICENIETE C ITEWT
disjoint T ‘

HCINC; =0, (i#3)
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BRI TLOITED (TC 72U Figureb.1 1235 X 912, YA equi-potential curve Tl
EEBRBREGE C LB I LT ). RERLERLY C\K KB D f ORI
C\D ETit 2z 2%, B H Tk 2 22 L7425 (Figure 5.1). #>T

Cc

‘ Z 2z
=cto-ap cH T fy - 2

(z — 23:0)2} CH

ThY. {<cTHIND, bLD {y = c(z — 22)*} & ilfﬁﬁ% Tax =2z TLHIRDL
e,

T, & QW (Dﬁﬁ%’l‘ﬁﬁk‘ﬂ*é external rays % “5’}-{,5'}”({?5 FOEE il;t UREIEL: R
- BMTHA D) O oblique curves k@% ¥z, I,, ® equz—potential curve &{F o TH LV EH
iR Q’(“) EEHETDHL
QI(@) Q(z) Qy(z) NK = Q(z) NK

ThY, P fIQ’(“’ HEHTHS. E F(QD) :>Q<:r> i

QP U(KnoQP) 5 »

PEE Y 3LD (BZ K N3Q'P i external rays DI BT D).

iz KNTy, = {z;} C K* LT % &% x; i3 preperiodic T, HIEHIC it o KEShA.
Q IRBEFRGETHIND, % o; WHLT o 2EL/NSRAR D; 2857 f(z;) =
72 51E f(D;) D Dy 232 fID; 75=¥-§Vf&7’£6429 =95 é:?)*‘f%é ZZT

(a) r(z)u U D
& EQ(‘)

L EBETRITRNObONE LIS (Figure 5.2 B8, BRCHEENIHBNE QO, ABT
NI & U MR TR BT OB UO), |

Figure 5.2 Q@ & U®,
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& TC,z€ Ky &TDE K, DEELY z ¢ P,(0) THH. 2Tz c Q0 ¢
P \{P(0)} THBETH. n>m LT 5L Py(z) QU ThVER, 5 QU Tkl
< f(Po(z)) = Paa(f(2)) C QU ThB. THE F(QW) D QW) THBML UD O
WG f(U) S UGe) 3SR Y 3D, & oC Schwarz’s Lemma 225 f~1U00) : U0} — [t
1% Poincaré BEBE%S X 1% (0 < X < 1) BATFY C’-WK’)ZD ST

dla.m U(‘O)P ()< A dzam vtior Pa1 (f(2))

DS ‘D M. L Pn(a:) c UD ThHd & E diam g Pelx) 13 U® ) Pomcare ‘metric 12
o TEtotz Puz) (DEP"E’%@“ lJfo... DR AR D BT L

diam yeo Pa(z) < X' -dxam ey P (f*7™()) € Xn 7™ { max dia;m WQ@}

MR SLOZ LB (1 71.7';1., Al iﬁé’ifcﬁ%@ Lell/) 73>X.ZDJ4~¥73>Z?)5) £oT
n—o00 & LT a N
‘diam ) Pa(z) — 0

B35 “huize K, T K BEERKTHAZLET L’C‘v\7 Prop031t1on 51.4 &0

I (NR) o DR 2 IZOWTIREYSR m e NU{0} KX LT 2 € Ky THBDT, /17

A —Z—DHEICEDL LT, (NR)g ORICET S RFTEFEEN RSN RS,
i< K\ K* = Upsof ™(0) OFRICOVTERETS. v K\ K* ITHLTiX

Pk M U ;6

e P, PE¢Py

BE2DE IR g O puzzle pieces DFIHEST (g ik a O combinatorial rotation
number % 2 L L7l &0 ¢ THD) z DL L7285 (Figure 5.3).

Figure 5.3 g {8 puzzle piece ZEH 5 & z DIFHITRS.

P, 1Y 5% plece P(') (1<i< q) wxk LT, puzzle piece DIED ﬁﬁ*fb nest 35
puzzle pieces D3 PP > PJE21 - THEEOE KL z € OPY L b oBR—E g._T%
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ET 5. XY ij: o 0)1%{%"@‘%6 b, +HRER TR LTEEI f”(m) =y
Lk, hww&%ﬁxﬁ%tht,K @ﬁ@%Aaé<ﬂﬁ®§ AN TET '

diam Py — 0 (k — 00)
WRENS. foTze K\ K OFAIBVTH K IIRFERTHS.

wIZ, 785 A—F—DHFEIE-T (PR)M,‘(IR)M,.(NR)MOD%%Ab_ob\“CK Ky
B z=0 CRFTERTHLD &%&@io LT

(Step II) ce (PR),, £7id (IR)MOJ%A

\.:}’LBO’)%A % #% =00, supT = 0 ThHBEMD weight function % §4.2 T~/ & 35
EF$ 5L, Combinatorial Divergence Theorem: (Theorem 4.2.10) 2B

§jmm

n=()

ABEEY Lo, Zhid Proposition 4216 Lo

}: mod An(0) = Z p(n) - mod AN(O)

n=0 n=0

%ﬁ%‘i‘é ¢ Proposition 2.3.11, Lemma 4.1.1 X9 K ik 2=0 T‘f%i‘ﬁi@%ﬁ'@%é.

(Step II) c€ (NR)y, DEE

7(n) = Tyo(n — 1) TH S Z & & Proposition 5.1.4 & YELR m e NU {0} & S‘d'L“C
1(0) € K B30 0. 2T (Step ) TRLIEZ L 2b K 1 (0) TRAEHTHS.
{ 13 branched covering 20T, 2T f(0) @ fITLDFHTHD 0B TH K IR

PhETFRTOHAIONT 2 = 0 (30 BRIERIESTEI. KIAHEIOV
T & = 0 LA A TORBERSEE T .

(Step IV) ce (PR),, £kl (IR),, PHE :

0 CORPFIEMENRT TITRENTVWEDOT z € (CP)g. 12V Tid Proposition 5.1.1 &
Remark 5.1.2 £ ¥ 2 13 0 O#BTH 5. f id branched covering THHH5H 0 TORFTE
D ¢ B SRR D .

KIZ & € (PR) g E2I3 (IR) 4o DARUTDV ‘T%&‘?‘é WTHROBE D limsup 'rm(n)

o0

0o Th¥, £ ce (PR),, Eiid (IR),y, D#81% Combinatorial Divergence Theorem
B Lo T, 62T p, 1T 5 Divergence Theorem(’i’heorem 4.2.15) & Theo-
rem 4.2.16 £ ¥

' imod An(a:) = 00

n=0

MRV 322, X o T Proposition 2.3.11, Lemma4.1.1 &Y K ¥ z TRATERTHD.
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2 € (NR) . DEICAVTH (Step 1) TRLIE LB ThB. m., K\ K* O &K
ST (Step ) TERUL. BLET ¢ € (PR), ¥ 7kt () @HEIC K = J; DR
 ERMESTR SR

(Step V) c € (NR),,0OH& :

BB meNEHLT f(0) € Kn Thb. 5T, z€ K\K* Z T (Step T) TR LTt
FoTzeK 233, HHneNEHLTze K, 25R0XY (Step I) TTTITR L.
5 TRVRBEED MeNICHLTHS n=ny € N BEELT f(z) € Pu(0) 5
BOsto, 2o THLHDEeNRZH LT fflz) =045 z 130 OFHTHY, 0T
T K BRFTERSThDZ & L f 2 branched covering TH 5 Z &M b £ IV TH RFTE
HECBhDEERD. £H2TRVWRLny /oo 7‘£74*f£i3§ﬁ§10> nas W2 LT f2(2) € Pry(0)
&5, T%’)& f(O)eK b/ '

an : m-i-nM(w) PM+nM($) ¥ Pm(o) PM(O)
ITEBEICR Y, 96 T modulus liile
100d (P e () — "—“PMMM(E‘)) _ mod (Pu(0)~ Fr@®) (52)

ﬁhﬁk /YA (Figure 5.4).

P, M-+ (m)

g

2T frMD cr‘iti{:a,l Vaiue R LR
Figulre 5.4
diam PM(G) — 0 (M — 00) Th-oTchb
mod (Pp,(0) — PM(O)) o0 (M — o)
‘éﬁ) B, £>T(5.2) &Y

100 (P (8) ~ P ) = 00 (M = )



94 . CHAPTER 5. JULIA#21B7 5#% — THEOREM A, C OFEH

BEEY 0. ik
diam Prrin,(z) =0 (M — o0)

2FRT. koT K=J; ik o CRFERETHS. |
BETTATOBERANT K = K; = J; RRAFEHETHSZ L RERShE, O

Remark 5.2.1. (1) FEFI® (Step I) DES TR 72 oblique curve DIFIEIRAIC L B,
e & 5 725k L LT Milnor IZ X % “thickening” & W) FHELHB. ZhIEE—FTEAR
lpuzzle piece DEEF &M L TV V% external ray DAEZD LIZWEZ, landing point i
/NE 7 disk %‘:OHT piece ® KBRS LB, #HLLIF [Mzz p.12, Figure 11] %‘r%?@
T k.

(2) diam P,(0) — 0, (n - 00) 73*‘1‘52@71@“(, 0N f=p T non-recurrent ¢ %
Lk (Bh, 00HBEHFV XL 0) ¢V (n=12,...)) &, 02 combinatorial i
non-recurrent THHZ & (Blh, HD me N BFELT f"(O) ¢ Pn(0) (n =1,2,...))
DEMEMER DS, BRI DT L I3 Proposition 4.2.2(3) & ¥ sup,en7(n) < 00, Eﬂfb
ce (NR),, LFHETHS.

5.3 Theorem C d)%’ﬁaﬂ

K= K*u(uf“”(a)) ThB., T UM() ITEEAROTRHEOTHS. 22T
§5.1 TR~ K* DEAOHEICHE ST (CP) ke, (PR)ges (IR)jn, (NR)p PZRTHN
HEOTHSZLETRT.

(Step I) (CP)g. ITOWT
Prop_osmon 5.11 & z= \_?oﬁ‘%’aﬁjf@ﬁ*ﬁﬁh

(CP)g. = U F0)

n=0
B, EREAEEARDT |(CP)g| =0 Th 3.

(Step 1) (PR}, &2V T

F RV IHTETRNELTVAHDT Separatlon Lemma {Lemma 4.1.2) £ 0, &5
N €Nz LT Pyya(0) € Py(0) &725. ZDX 572 N € N (separation level) %1
ETD. S

Z::{méK*

sup 7.{n) = 0o, liminf Tm (n) >N }
nelN ) n—oo

Li5L g€ (PR 2biEzeZ LRRDBOT|Z]=0 2T RIE+ITHS. z€Z 7D
i sup7y 1(N)<oo“6‘&b?575>6 .

Z = UZ’“ Z w{zeZ[ max 7, 1(N) k}
' k=0
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LEED. EoTh Z IoWT |2 =0 BRET IV, 21T

A 1= {An(:i:) | x € Zy, n 2k, pe(n) >0}
&Té&&#mﬂio

Lemma 5.3.1. A, OHREZS annuli HEVE disjoint TH 5.

(Proof of Lemma 5.3.1) T n(:z:) Anly) € Ay &9 5. B, z, y € Zy T |
LMM>0,ﬂwm>0,0%m2k)
f&ék?6 :®&%ﬁmnsm?&é&LT;w.%%i@
An(@) = o) = Pur (@), An(t) = Pu() — Prori®)
'e%ﬁam,mwzommﬁmaaﬁaapmmmﬁﬁm
Poly) C Pa(z) ¥72iE Pr(y) O Pa(e) =0

Thd. REOHEIT

Anl@) N Amly) =
& f&é@’ciﬁ'ﬁﬁiﬁi'ﬁ S0, BB OHAIL2 o@mﬁu#ﬁ%tﬂé LLTWBOTm=n T
LBV, o Tm>n THAINEIL ye Pon(z) 20X A.(z) & An(y) iT disjoint
CHBDTIDE % b LR L. Lo TRBBAIE m>n TH0 y ¢ Puu(z) OB
BTHDH, mi’bﬂﬁé) D/ E %‘:‘U.'F'CTT (Figure 5.5 %F?) :

, ZHIOK
/ |

:n;tm /2w

Figure 5.5 An(2) & An(y) ORCERR.

f T An2), An(y) ZBELTW->T depth 7(n) ETE L £ Figure 56 D LD X 51
25



9% . CHAPTERS5. JULIA%AWMT 5% — THEOREM A, C OIS

T

T (1)

‘L’-—h

[a—
el

12

Anly)

2:1 ], fre(m-rieatrd)

Figure 5.6

EREREY max (V) = kThHBMD k) =N THY, % A OEBIY n>k
'CE?)%')%?‘B
Tz(n) 2 N

ThdH. T 2T pa(n) = (Tm(n)) > 0 Th Db Proposition 4.2.9 £V 55 [ € N 2kt
LT _ .

o Crn)) =N, )¢ (=0,1,...,0=1) :
L7275 0>C depth 7,(n) LK Figure 5.6 DT O L 512720 Py(0) £ CHET 5. cod
% Poy(y) BEXDHE IO f O iteration & 5434 depth (23 T Figure 5.6 O &
510D (DF D BROOMBIEME NI E E depth N ETEET 5). LoT

I Ny) € An(0) 2 f*N(Pria(y)) € An(0)

THY, ELE&:’%‘U) 0<j<n—NIZHLT fi(Pan(y)) 70 THS. i 7(n+1) < N
ThHIEBRLTEY, —%5 SUD, ey Ty(n) = 00 THHPLFHEOERLY, 5D
Fontl LT ) =N 255, “nidmaxr (V) =k<n+1ChdI LR
$5. P ETLemma @iﬁﬁhﬁﬁifﬁéi}’bt L |

XT, ce (PR, £hix (IR) M 0)%/‘*‘ i Dlvergence Theorem X ¥ Yo o i(m) = o0
T#HDHHH Theorem 4.2.15 £V, z € Z2b Y _Gu,,,(n) 0 ThHB. JZO'C' Prop031- ‘
tion 4.2.16 X EZET 5 &

ZkC{zGC| E modAx_oo}

2€D4,AEAL
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B 5. T5E Lemma 23.14 £V 2] =0 815, #>T |2 =0 ThB.

c€ (NR), DE&Z X, H3PAIIE pu BT 5 Divergence Theorem HFE 50T
Theorem 4.2.15 £ ¥ (5.1) B> DT Z THRATGEAB T OELBAT S (Remark 5.3.4
£HE). Lo L, BlDbhDEAICIE Divergence Theorem B¥R< 2%, £ITII TR -
c € (NR)y PEET~TUTEAT HRIOTFIET (K| =0 Y. ZOFEBAE (Step V)'<‘: ‘
| L’C:dif\%’o

(Step IIT) (IR)y. (Z2WT:
z € (IR) . BHIX

sup7z(n) =00, liminfr,(n) < oo
neN 4 n—oo

ThHoHHB, BiZ
~liminfry(n) > N

00

Thhidlze Z & 5. (Step. I LY |Z|=0THHNLIZOX I 2ESEINEOTH
B, XoTEAT T
hm mf T(n) S N

c‘:f;éﬁxe(IR)K. EEZD., £ZT

Y:m{xGK*

limsup7(n) > N + 1 hm mf To(n) <N }

- 0O

EFBHE, ZOLOIRARY CEEND. LT =0 2R eE+4THS. TITHE
FDzeY Y O density point TRV I & % Koebe's Distortion Theorem o Ry
X DT TRY. £ 5 31T Lebesgue’s Density Theorem &9 Y| =0 237€ 9.

STxeY &¥5L DT I7HLABRKDFIny <ng <--- <y <+ T
n; €8, D 1(n)=N
LB LOBRFEET S (Figure 5.7).
[ 3
AN NN

N/

[0, g o9 " ng g4 N

Figure 5.7 z € Y D 7, oV 7.
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+5E ‘
- fravreld) = fra=N ;P (2) — Py(0)

i% conformal THHPLHEHR
g5 1= (5 Pay()) ™ Pl0) = Puy (@)
ME BRI b %K conformal THB. ZOLF
diam Py, (%) = diam (image g;) —» 0 (j — 00)
Bb, g; i3 Py(0) J:U)'fl:"é’k%%ﬂt = o [T 5. BRI g; 1% conformal TH 5N b
mOd-(Pnj (=) - Pnj+1($)) = mod (Py(0) — Pn41(0)) > 0

THD (N iX Pyy(0)C Pr(0) 22X 52D THT). £oT
ZmOd (Pnj (x) - Pnj+1($)) =00
=1

¥ 72 % G Proposition 2.3.11 & 0 fEARE>
ETCZ T TCgy:=friNaz) e Pu(0) &BL. Fk

p = diSt&I}.Cﬁ(PN+1(O), BPN(O)), Dj = Dp(.’ﬂj)

L¥BE D;CPy(0) &78%. £ZTro:=8 & 95 Lemma 228020, H5EH C< 1
PIEELTER® j it/ LT

density(K, D (z;)) < C<1

RV 20, ¥£72 ;) D; 1 univalent T&H 5 %5 Koebe’s Distortion Theorem £ U %% %E
¥ O >0BFEL |
| dist(g;, Dro () < ¢

DEE D sz, Zhub O density & distortion OFEH & Proposition 2.2.6 £ ¥

density(g;(K), g;(Dry(2;)))
|95 (Dro(25)) N KT
I'Dro (‘TJ)I .
- | p2dist{g;.Dro(24)) density (K, D,,(z;))
= g2dist{gy,Dry (w)) . density( K, D, (z;)) -+ (1 — density(K, D, (z;)))
e2¢'C
eC'C+(1-C)

2 DFEAEL Y L0, RIZ

=C"<1

g= sup |g;(2)—z|
2€Dy, (5)



5.3. THEOREM C Dt 99

EBL g BPEH ¢ LEICEIERBEICBURTSIEM0 ¢; - 0 THS., 22T
density (K, D, (z)) 7T 572 0% T density(g;(Dry (25)), De;(2)) 2 THOFHET 5 Z
EEEZD. ET '

gj= sup Igj(Z)—gj(fvj)Iﬁ( sup lgﬁ-(z)l)-lz—mji_é( sup lg,(Z)I)

2€Dr, (z5) 26D, () 26Dy (5)

TV, —7F Proposition 2.2.5 OFHEEME S &

0@ = / JRCCE

Drolz;)

> ¢ D) gl (p) 2D, (2)]

2185, L peDy(z)) ﬁi&:‘%ﬁw,ﬁ’c“&;é. LT

195 (Dro () N De, ()] 5 e~ k9 Dro(=30) | o (p) |2
1D, () 71‘((Supzc-zm,o(:.:,) lgg(Z)l)f"o)2

. dens:tt‘y(gg (]D'-"o (:EJ))’ ]D)E-'J( ))

b5 (k:e; DEEDPD g(Dulz) C Dyy(z) ThB) B, TIT p e D) AT
HoThbINDOTIORT p € Deylz;) IKBELTsup 2L 5 LHR

[93( m(-’L’J)) ﬂm)gg( )| > emdmg(gj,ﬂ)m(mj)) > e—c
|De; ()] |

2R5. JJ_E:CD\._ &b

03(Dra(@3)) N K| 4 (D, (@) — 0(Dra@)) N K|

density(K, Iﬁ)ej(x)) = fm}e, @)
< Iga(Dro(%))ﬂKlHDs,(w) 9i(Dro(25))]
- [Deg(x)l
< C9i(Pry(25))] + IDe; (@) — g;(Dro(27))]
- IDE,(x)I
_ (@ = 1)|gi(Dry (@)} + 19;(Dro (25))] + [De; (2) ~ 95(Dro (25))]
D, (=}
- . it !gj(Dm(icj))l
= 0T @)
< 1-(1-C"e @
<1

B D LD, g; — 0 TholehbIhit z 2 K O density point TiEARWI L &R LTV
3. BILYCK THa05 il Y © density point TH 72V, 1o T Lebesgue’s Density
Theorem £ 0 Y] =0 Tb5%.

(Step IV) (NR)j. i22WT @
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z € (NR)y. ZDl%R meNHLT 2 €Ky Th. £oT [Kn| =0 ZFREHE+S
Thb. T2 T Ky PUHHHLEETHLHZ L ZUT TR,
Theorem A DFEBAD (Step I) THARLL DI, Li=#P,—-1& LT
P \ {Pu(0)} := {Q0,Q9,..., Q")
LU, & QW ok UCHIR U® 28T 5. Lx LA A%
| a1 Q9 5w
A 10 if FQNYNQEW =0
CTEETD. Ay =10LE gy = (flUNHUD LERT DL ERUP (k=1,2,...,L)
DEFELY g;(UD) cUD BRRY Lo T2 & Proposition 2.1.5 & Y HHTERE X B
TEL, X ERBEESIRAITRS. LI |
Ya o= {z= (@) | 2n € {1,2,..., L}, Az = 1}
o(z) = m Gxyzp © Joowy © 7" © gwna:nu(U(mnH))

n=1
X = 6(¥4)
THd. €T .
Km 3 2 2(2) := (@a(2))2 € {1,2,..., L}
% fo(z) € QErl) Ko TEBT D E

(Z) - (xﬂ(z))n"—l € XA: (.’L‘(Z)) =z

75“55?.‘9.[.’3 HsT Ky, CX THYVESTE,C X THD. X iﬂ@é’)ﬁﬁﬁﬁ/\f&é
b K, bR EeERd (I %iKm—XﬁW"“ﬁré) P& T Thoerem 2.2.1
10 [Kal =0, HoC |Kn| =0 Th5.

(Step V) c € (NR),, @*’/%A
TOBER Ky = J; OR%E 7, CHETHIL f&( =R |y =0 &Y. TOTDITHE
/) Proposn'.lon %“/T'l'i‘ T+aThB
Proposition 5.3.2. |J;| > 0 7251 J; @ density point 2 (T LT
| w(z) =w(e) 3¢
MELT 5. ko THIZ ce (NR),, BR5IE | =0 TH5.

Ch@%’i’tﬁﬂ U)TC&)ECI{R@ Lemma % FET5 :

Lemma 5.3.3. W, U % Jp LRDBEREL, BB neNEHLT (W)U Th
BETH, ZOLEERDE>OITHLTHDB e,(8), e(8) >0 BFELTIRDZ & BAKL
35 |

diam U < § = diam W < &,(8) < €(9).

BT g(6) = 0 (6~ 0), €,(6) — 0 (n — 00) ﬁ§ﬁﬁﬁ"§“6.
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(Proof of Lemma 5.3.3) : ¢>0% 12 VEETS. " Theorem A DFEH & bh 5
£ |

diam P (z) — 0, (I — o0)
T&)thimkﬁgb‘f—ﬁfébé k=T, % leNBPFELTERD 3 € J; okt
LT |

diam P(z) < e | (5.3)

BV L. {P2)}ees, 11 Ty OB THS. £2 T OBBIED Lebesgue 8% 6 &
5, Bib, E&EN6 u“ﬁw&%@%”*ﬂiﬁ)‘é P(zo) (mo € Jp) WEEND, &T5H. Z
DZLE UISERTS. 2D ypoeWnd; T (yg)mﬂ?gGU LB b0EEY Px)
%y OEEBIR->THIERT L
' Piia(zo) DW

ThHIEBRDPS. (5.3) &Y |

diam W < ¢
ThD. . ‘ _ 7
EC, PEOBRETERIHDHLOIC §>0BEFE2bhit 67316%%‘“(%‘62:

e>0&B+A/MELLHILITLY, ERO Lebesgue M < § LRDHLDITTHILHT
5. Lo TEHRIIEH ST, o

(Proof of Proposition 5.3.2) :  w(z) Cw(c) THD I LITT T _Corolla.ry 2.217 T
RENTWSD (@ Corollary 2.2.17 13 2 REFERICR ST, —ROFHEEBIEETHHR
ThD). LT Jp @ density point zo 12X LT w(z) 3¢ ThBHZ L %’:JA—F’CTT

SBERT I LT B, 2= f(20) & L

- dist({z}alo, ) 2

THHBETH. Oy I LT Lemma 5.3312H5 § & €(6) <y 5:72%’)3: HITED. £
ITn E12EDT Dy(z) £ED, THO fIEED 2 OBBITR-TBIZRLES L
5. BB, _
Uy = 0 (Dg(20)) O 2 B ETLRSY

LEHETSH. T5L Lemma b33 L0

| diam Uy <e(6) <7, (k=0,1,...,n)
T B 5% Uy H critical point ¢ 2 &£V (8) — 0, (6 — 0) Thotib density
& distortion & AV ZERR D 2 13 J; @ density point TiddH V BLRWVZ L35, B
EoEEIRENE. | _ ' 0

PLETHFRTOES 6 1220T |Ky| = |J;| = 0 BIEH S hiz. o

Remark 5.3.4. (1) (Step III) OFEHIIAERIIT Theorem 2.2.16 O HIFEH (R:ema,rk.
2.2.18) LEHETHS. b HSA Theorem 2.2.16 DEEHAD L S LT ‘E)ﬁ%'?"l’; EBTED.
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(2) (Step V) OFERI Lyubich iIC X 56D TH % ([Lyl, p.5, Lemma 4]).-

(3) (Step II) OFEFIFEHAPIZbIBT L BY ce(NR), PHEEETLTLHBA LY.
LA LKRO L ) BREEEFE CHBSERTS. Bb, K* ORE 4BV IZHEL, %(D%»‘?
HBHEOTHD T LERTHENAN ce (NR),, OHLBAIITTOEEBATS. LS
VWHLZ B E ce (NR)M D& BB Divergence Thecrem PO IM2DTHB.

%9k Proposition ERBLTEL

Proposition 5.3.5. (1) n2 N+ 1 R5EED n iR LT

> u@) >0

J=Tn)
BT H. 7272 L N € N i separation level ThH 5.
(2) a, beN B a<b 7(a) <7(d) BT LTS, ZDLEIFREKX
' 7(b)—1

1
Z#(J 5 D k)
w1'(0;)
73>ﬁkm&.‘§‘€> FICb¢X E7id b, 7(b) e X b
b (b}
Soui)zg Y, u
Jea J_-'r(a,)

PREALT D,

(Proof) : (1) JRWHETHRT2. £ n=N+10LE&E n-1=N THY u(N)=1
THHEMLERIIMD 2. RIZn (> N) 2255 n ETHRIL->TVDHELTa+1
DLEEEZD. neL B rn+1) <7(n) ThHdrb, n+tl1DEXOTE L S4H
j=Tn+ D)~ ldn 0L EORMELIHE j=7(n) ~n-1 L VEIZEY. XoTHERA
HBOREPLERIIRVYID. n¢ b r(n+1)=7(n)4+1 THDIPbn+1DLED
E L BHEMLj=T(n)+1~n ERVINE n DL EDTRLDEH j=7(n) ~n—1
EHARTL2EFTRTHWS, bL7(n)+1 <5 <n—1THY puljo) > 0 ZWIT SO
FETREn+1 0L ELERIIRY L2, T TRINVTIFWEOEE LY p(r(n)) >0
TRIFIER LRV EBDMD. n¢ L Thofeh b weight function p DEEHN B

1
() = Su(r(m) > 0
&0, RV ZOBE b ERITM Y S0

(2) PREOFHELY 7(@) <j<7b)— 1 RIEBD jIIHLTa<i<bd ¢ T
(i) =74, i ¢ L EWTHOORFETD. €T
‘ ) -1
E# 3 e = Y ur@) 2 Y k)
- fma a<:¢<2b:—1 a£§¢$$g”1 : J=r(a}
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| é:fw 5?%%:&)&@10 Hi bgéz@%f\mu(b) %(’r(b)) ThHEINPDLINEE
B LN REROFBICMA D &

T(b)

é; ﬁ> ()

Jm?”(a)

BELND. &tbqﬂoezm%ﬁﬁ ();m{D—O&@é®T$iD DR,
VIRE O 20, O

ETce(NR),, &£7T5. supneNr(n) <00 THEPD n; /00 7% %ﬁ*ﬁ@?ﬂ& my < my
5% BRET :

T(n_,-) = 1, T('nj + 1) =My, N;€ hX
EWHETHLONREET S, 20 ne L RIBAZA T 2L EENPONRF -
NERERYIESNDHDOTHSH. DL E Axiom of recurrence (Proposition 4.2.2) X ¥
mg=00r —1 £ B

mo=rHm) +1, (21, ™ (m) €%)

PR M. V»Tk>2T%5&ﬁﬁTék

mg < 'r(ml)

ALY 3D, Eh_ m2N+1ThD kfﬁim‘?‘é x Proposﬂ;zon 5.3.5 (1), (2) i/

LT RS ) ‘ m1w1 my—1

dou®z D sz Y u(l)_>0
l=ni+1 =g ts=7(ma)
LIRBDT .
oo Mgl
z.u 25 3 oo
J=0 l=nj+1
AR Y 3L,

COBEELY ce (NR),, DL ETh, (Step II) TB~IEBIAEM LRV EA 1T
Lab7ank Bbhs.
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