>]4c;X?t4X?t $N %8 %e %j %" =89g $K $D$$$F =t_7 !! =S2p (Sh unsuk e Morosa w a ) 9bCNBg3XM}3XIt?t3X2J (Department of Mathematics, F acult y of Science, Ko chi Universit y) 1 =x f $r D6 1[@0 4X?t$H $9$k !# z 2 C $N $" $k 6aK5$G f f n g $, @55, B2$H$J $k$h $& $JE@ z $N=89g $r f $N%U %! %H %&=89g $H 8F $S !" F ( f ) $G I=$9 !# $5 $i$K F ( f ) $N ^ C $K $* $1 $kJd =89g ^ C n F ( f ) $r f $N%8%e %j %" =8 9g $H 8F $S !" J ( f ) $G I= $9!# F ( f ) $N 40A4ITJQ@- $H %T %+!< %k$N DjM} $K$h$j C n F ( f ) $O C $N HsM-3& JD=89g$H$J$k $, J ( f ) $O ^ C $N%3 %s %Q %/ %H =89g $G$" $k !#??@-FC0[E@ $G$"$k L58B 1sE@ $N6a K5 $G $O %8 %e %j %"=8 9g $OJ#;( $H $J$k!# Nc $( $P !" Hs M- 3& $J %U %! %H %& @. J,$N6-3&$N J#;($5$r <( $7 $? LZ:d$N 7k2L !J [3] !K $, $" $k !# $=$3$G$O !" Hs M-3& $JD>@\H- !" J|J*E* H-Ey $N6-3& $O 6I=jO"7k $G$J$$$3 $H $, <($5 $l$F$$ $k!# 0lJ} !" %9%?%C %i %I $O D61[@0 4X?t$N 0L?t$K Cm L\ $7 $F !" %U %! %H %& =89g$N 3F@. J, $, M-3& $H $J$k==J,>r7o $r<( $7 $? !J [5] !K !# $3$N>.O@ $G$b %U %! %H %&@.J, $, M- 3& $H$J $kD61[@04X?t$r9M $($?$$ !# 2 4pK\E*@-<A $3$N @a $G$O !" $3$N >. O@ $G I,MW$J D61[@0 4X?t$N NO3X 7O$N4p K\;v9‘$r =R$Y $k !#>ZL@ $O [8] Ey $r ;2>H $7 $F M_ $7 $$ !# w 2 C $, !" $"$k <+A3?t p $K BP $7 $F f p ( w ) = w $H $J $k$H$-$K f $N <~4| E@$H8@ $& !# $5$i$K 1 < q � p $H$J $k<+A3 ?t q $K BP $7 $F f q ( w ) 6 = w $H$J $k $H$-$K p $r$=$N <~4|@.J, $N<~4| $H8F$V !# FC $K !" <~4| 1 $N <~4|E@ $r ITF0 E@ $H 8F$V !# 1

Dj5A !! f $N <~4| p $N <~4|E@ w $K BP $7 $F a = ( f p ) 0 ( w ) $r w $G $N f $N >hK!0x;R $H 8F$V !# $5 $i$K (1) j a j > 1 $N$H $- $K w $r f $N H?H/<~4|E@$H8F$V !# (2) j a j < 1 $N$H $- $K w $r f $N 5[0z<~4|E@$H8F$V !# (3) j a j = 1 $N$H $-$K w $r f $N CfN) <~4|E@$H8F$V !# $5 $i$K a m = 1 $H $J $k<+A3 ?t m $, B8:_$9$k$H$-$K !" CfN)<~4|E@ w $O M-M}E*$G$" $k$H$$ $$ !" $= $& $G$J $$$H$-$O L5 M}E*$G$" $k$H$$ $& !# M-M}E*Cf N)<~ 4|E@$O J| J*E*<~4|E@ $H$b 8F $P$l $k !# L?Bj 1 H?H/<~4|E@ $O%8%e%j %"=89g $K B0 $7 !" 5[0z<~ 4|E@ $O%U %! %H %& =89g $K B0$9$k !# z 2 C $, D61[ @04X ?t f $N HsFC0[ CM $G $" $k$H$O z $N $" $k 6aK5$G f � 1 $N $9$Y$F$N J, ;^ $, #1 2A $K$H$l $k$H$-$r $$$$ !" $= $& $G$J $$$H$-$K FC0[ CM$H$$ $& !# FC0[CM $N=89g $r sing ( f � 1 ) $G I=$9!# $9 $J$o$A sing ( f � 1 ) = f f $N NW3&CM$^$? $O A26aCM g $G $" $k !# %U%! %H %& @. J, D $, !" $" $k<+ A3 ?t p $K BP $7 $F f p ( D ) � D $H$J $k$H $- $K f $N <~ 4| @. J,$H 8@ $& !# $5$i$K 1 < q � p $H $J $k <+ A3 ?t q $K BP $7 $F f q ( D ) \ D = ; $H$J $k$H$-$K p $r$=$N <~4| @.J,$N<~4| $H 8F$V !#<! $N<~4| @.J,$NJ,N‘DjM} $, @.N)$9$k !# DjM} 2 f $r D61[@04X?t $H $7 !" D $r <~4| p $N f $N <~4|@.J, $H$9$k !# $3$N $H $- 0J2<$N$$ $: $l$+$, @.N)$9$k !# (1) D $O <~4| p $N 5[0z<~ 4|E@ $r4^ $‘!# $^ $? !" D Fb $K$O>/ $J$/ $H$b $R$H$D sing ( f � 1 ) $N E@ $r 4^$‘ !# $3$N$H$- D $r 5[0z<~4|@.J, $H 8F$V !# (2) @ D >e $K J|J*E*<~4| E@ w $, B8:_ $7 $F D >e f f np g 1 n =1 $, w $K 9- 5A0l MM<}B+$9$k !# $^$? !" D Fb $K$O >/ $J $/ $H$b$R$H $D sing( f � 1 ) $N E@$r 4^ $‘!# $3$N$H$- D $r J|J*E*<~4|@.J,$H8F$V !# (3) D $O L5M}E*Cf N)<~4|E@$r 4^ $‘!#$^ $? @ D � [ n � 1 f n (sing ( f � 1 )) $H$J $k !# $3$N$H$- D $r%8 !< %2%k 1_HD$H8F$V !# 2

(4) D $O HsM-3& $G$"$j !" f f np g 1 n =1 $, 1 $K 9-5A0lMM<}B+$9$k !# $3$N$H$- D $r %Y!< %+!<NN0h $H 8F$V !# %U%! %H %& @. J, D $, G$ 0U$N <+ A3 ?t n !" m ( n 6 = m ) $K BP $7 $F f n ( D ) \ f m ( D ) = ; $H $J $k$H$- D $r f $N M7AvNN0h$H 8F$V !#M7AvNN0h $N HsB8:_Dj M} $H $7 $F <! $, @.N)$9$k !# DjM} 3 sing ( f � 1 ) $, M-8B=89g $J$i $P f $O M7AvNN0h$r;}$?$J$$ !# $5$i$K%Y !<%+!<NN0h$NHsB8:_DjM} $H $7 $F <! $, @.N)$9$k !# DjM} 4 sing ( f � 1 ) $, M-3&=89g $J$i $P f $O %Y !<%+!<NN0h$r;}$?$J$$ !# FC0[CM=89g $, M-8B=89g $H$J$k$h $& $JD61[@04X?t $NB2 $r S $H =q$/ $3$H $K $9$k !# $7 $? $, $C$F S $N 85 $O M7AvNN0h$b%Y!<%+!<NN0h$b;}$?$J$$ !# :# I f = f z 2 C j lim n !1 f n ( z ) = 1g $H $*$- !" f $N H/ ;6E@=8 9g$H 8F$V !# f $r B?9‘<0$H $9$k$H 86 E@$r Cf?4$H$9 $k ==J,Bg $- $J1_HD $N30 $G f f n g 1 n =1 $O 1 $K 0lMM<} B+ $9$k $N $G 1 $O F ( f ) $N E@ $G$" $j!" $5 $i$K I f � F ( f ) $G $" $k !#0lJ}D61[@04X?t $K BP $7 $F <! $, @.N) $9$k !# DjM} 5 f $r D61[ @0 4X?t $H$9$k!# $3$N $H$- !" I f 6 = ; $G$"$j!" $5 $i $K J ( f ) = @ I f $+ $D I f \ J ( f ) 6 = ; $, @.N)$9$k !# $5$i$K <! $, @.N)$9$k !# DjM} 6 sing ( f � 1 ) $, M-3&=89g $G$" $k $J$i $P J ( f ) = I f $G $"$k !# 0lJ} !" f $N <~4|E@ $N=89g $, J ( f ) $G cGL) $J$3 $H $, CN $i $l$F$$$k!# $3 $l$h $j !" D6 1[ @0 4X ?t $N %8 %e %j %"=89g $K $O50F; $, M-3& $H $J$k<~ 4| E@ $N=8 9g $H50F; $, L5 8BBg $K F( $2 $F $$ $/ H/;6E@ =89g$H$$ $&A4$/0[$J $k@- <A $r ;}$C$? $U$?$D $N =8 9g $, $H $b$K cG L) $K B8:_ $7 $F $$ $k$3$H$,$o$+ $k !# $3$N $U$?$D$N =89g $K CmL\ $7 $? %8%e%j %"=89g$NFCD’ IU $1$rM? $($k$N $, %+ %s %H !< %k$N2VB+ $G$"$k!# <+A3?t N $K BP $7 $F � N = f s = ( s 0 ; s 1 ; s 2 ; � � � ) j s j 2 Z ; j s j j � N g 3

$H $*$- !" %7%U %H <LA| � : � N ! � N $r � (( s 0 ; s 1 ; s 2 ; � � � )) = ( s 1 ; s 2 ; � � � ) $G Dj5A$9$k !# Dj 5A !! D61[ @04X ?t f $K BP $7 $F !" J ( f ) $N ITJQ =8 9g C N $, f $N N != %+ %s %H !< %k$N 2VB+ $G$" $k $H$O <!$N (1) !A (4) $r K~$?$9$3$H $G$" $k !# (1) F1Aj<LA| h : � N � [0 ; 1 ) ! C N $, B8:_$9$k !# (2) <+A3 $J <M1F � : � N � [0 ; 1 ) ! � n $K BP $7 $F � � h � 1 � f � h ( s ; t ) = � ( s ) $, @.N)$9$k !# (3) 3F s 2 � N $K BP $7 $F !" lim t !1 h ( s ; t ) = 1 $H$J $k !# (4) t 6 = 0 $G$"$l $P lim n !1 f n ( h ( s ; t )) = 1 $H$J $k !# DjM} 7 E ( z ) = �e z (0 < � < 1 =e ) $H $9$k$H !" J ( E ) $O N != %+ %s%H !< %k$N 2VB+$r4^ $‘!# $5$i$K E ( z ) $K BP $7 $F C N � C N +1 $H$J $k$h $& $K N != %+ %s%H !<%k$N 2V B+$r9=@.$9$k$3 $H $,$G $-$F [ N � 1 C N $r E ( z ) $N %+ %s %H !<%k$N 2VB+ $H 8F$V !# $3$N$H$- <! $, @.N)$9$k !# DjM} 8 E ( z ) $N %+ %s %H !<%k$N 2VB+ $O J ( E ) $H 0lCW$9$k !# 3 5[0z@.J, $N 6-3& D61[@04X?t f $N FC0[CM $K$D$$$F <!$N#2$D$N>r7o $r$D$1 $k !# [SV1] F ( f ) $K B8:_ $9$k FC 0[ CM $O NW 3&E@$N $_$G !" $= $l$i $O $9$Y $F 5[0z <~ 4| $K 5[<}$5 $l $k !# [SV2] J ( f ) $K B8:_$9$kFC0[CM � $K BP $7 $F$O [ n � 0 f n ( � ) \ D = ; $, 3F%U %! %H %& @.J, D $K $D$$$F @.N)$9$k !# 4

$5$i$K S V = f f 2 S j f $O [SV1] $H [SV2] $r$_$? $9!# g $H $* $/ !# $3$N$H$- S V $N 85 $G$" $k$J$i $P !" $=$N%U%! %H %& =8 9g$N<~4| @. J, $O 5[0z<~4|$N$_ $G$" $k$3 $H$K Cm0U$9$k !# <!$N DjM} $, AP6J 7?M-M} 4X?t$N C1O" 7k%U %! %H %& @.J,$N 6-3& $K $D$$$F $N 7k 2L $H F1MM $K $7 $F <($9$3 $H $,$G $- $k !# !J [1] ;2>H !K DjM} 9 D $r f 2 S V $N <~ 4| @. J,$H $9 $k !# $b $7 D $, M-3&$G $" $k$J$i $P @ D $O%8 %g%k %@ %s 6J@~ $H$J$k !# $5$i $K%[%o %$ %P!< %s$N DjM} $rMQ$$ $F<! $r<($9 $3$H $,$G$- $k !# !J [7] ;2>H !K DjM} 10 f 2 S V $H $9 $k !#$b $7 F ( f ) $N $9$Y$F $N <~ 4| @.J, $, M- 3& $G $" $k $J$i $P J ( f ) $O 6I=jO"7k$H$J$k !# 4 Nc $3$N @a $G$O !" <! $NNc $r 3N $+$a $k !# Nc 1 <B?t � $O � 2 = e � e +1 f ( � 1) 6 = � 1 (1) $r K~$?$9 $H $7 f ( z ) = �z e z $H $9 $k !# $3$N$H $- F ( f ) $N 3F @.J,$O M- 3&$G$" $j!" $=$N 6- 3& $O%8 %g%k %@ %s 6J@~ $H$J $k !# $5 $i$K J ( f ) $O 6I=jO"7k $H$J $k !# $^ $: !" 3F@.J, $, M-3& $H$J$k$3$H$r <($9 !# f $N FC0[CM $O 0 $H f ( � 1) $G $" $k !#$9 $J$o $A !" f 2 S $G $" $k !# $7 $?$, $C$F M7AvNN 0h $H%Y !< %+!< NN0h $O B8:_ $7 $J$$ !# 5

?^ 1: f ( z ) = �z e z $N%U%! %H %& =89g 4X78 <0 (1) $r $_ $? $9 � $O $?$@$R $H $D B8 :_ $7 $F e 2 < � < e 3 $r K~$?$9!# $3$N$H$- f (0) = 0 j f 0 (0) j = j � j > 1 $G $" $k $+$i !" 0 $O H?H/ITF0E@ $G$" $k !#$5 $i$K (1) $K $h$j f 2 ( � 1) = � 1 f ( � 1) 6 = � 1 ( f 2 ) 0 ( � 1) = 0 $H $J $k$N$G f� 1 ; f ( � 1) g $O 5[0z#2 <~4| $G$" $k !# B> $K FC0[CM $O$J $$$N$G !" G$0U $N F ( f ) $N E@ $O !" $3$N5[0z#2<~ 4| $K5[$$9~$^ $l $k !# :# � $r 4^$‘ F ( f ) $N @.J, $r D � $H =q$/ $3 $H $K$9 $l $P !" D � 1 $, M-3& $H$J$k $3 $H$r<( $; $P NI$$!# x > 0 $K BP $7 $F f n ( x ) ! 1 ( n ! 1 ) 6

$G$"$k $+ $i x > 0 $O J ( f ) $K B0$9 $k!# C = f x j x � 0 g $H$9 $l $P C � J ( f ) $G $"$j !" f � 1 ( C ) � J ( f ) $H$J $k !# $7 $?$, $C$F !" C + = � z = x + iy � � � � x = � y cos y sin y ; � < y < 2 � � C � = � z = x + iy � � � � x = � y cos y sin y ; � � > y > � 2 � � $H $*$/ $H f ( C + ) ; f ( C � ) � C $G $" $k $+$i C + ; C � � J ( f ) $G $" $k !# 8N $K !" D � 1 $H D f ( � 1) $O C + $H C � $N 4V S $K B8:_$9$k !# :# !" a > 0 $r ae 2 > a 2 + 4 � 2 $H $J $k$h $& $K$H$j !" R a = f z j Re z > a g $H $*$/!# $3$N$H$- z 2 R a $K BP $7 $F j f ( z ) j > �ae a > ae a +2 $H $J $k !# $3$3$G ( D � 1 [ D f ( � 1) ) \ R a 6 = ; $H $7 !" z 2 ( D � 1 [ D f ( � 1) ) \ R a $r$H $k $H Re f ( z ) > a $H $J $k !#0lJ} z 2 D � 1 $K BP $7 $F$O f 2 n ( z ) ! � 1 ( n ! 1 ) $G $" $k $+$i !" L7=b $rF@$k !# $7 $? $, $C$F z 2 D � 1 [ D f ( � 1) $K BP $7 $F Re z < a $H $J $k !# $^ $? !" 0 2 @ D � 1 $H $9$k $H 0 2 @ D f ( � 1) $H$J $k !# $3$3 $G f ( C ) = C $G$" $k $+ $i !" 86 E@ $N6a K5 $G D � 1 !" D f ( � 1) !" C $N=g=x $O f $K$h$j5U E> $9 $k $, !" $3 $l$O L7=b $G$"$k!# $7 $? $,$C $F !" E, Ev $J@5?t � $K BP $7 $F !" U � = f z j j z j < � g $H $*$/ $H ( D � 1 [ D f ( � 1) ) \ U � = ; 7

$H $J $k !# $5 $i$K b < 0 $r � (2 � + j b j ) e b < � $H $J $k$h $& $K <h$j L b = f z j Re z < b g $H $*$/!# $3$N$H$- z 2 L b \ S $K BP $7 $F f ( z ) 2 U � $H $J $k$N $G L b \ ( D � 1 [ D f ( � 1) ) = ; $H $J $k !# $7 $? $, $C$F D � 1 � S \ f z j b < Re z < a g $r F@$k !# 8eH>$N<gD% $O DjM} 9 $H DjM} 10 $+$i => $& !# 5 >]4c;X?t4X?t <!$N4X?tB2 $r 9M $( $k !# D = f P ( z ) exp( z ) j P ( z ) $O B?9‘<0 g D k = f P ( z ) exp( z ) j P ( z ) $O k <!$NB?9‘<0 g $3 $l$i$r >]4c;X?t4X?t !" k <!>]4c;X?t4X?t $H 8F$V !# !J [6] ;2>H !K D k $N 3F85$O !" $? $@$R$H $D$N A26aCM 0 $H =EJ#$b 9~$a$F k 8D$N NW3&CM$r $b$D !# $5$F !" 4 @a$N @5$N <B <4 $O %+ %s %H !<%k$N 2VB+$N 7T $G $" $k $, F1 MM$N$b$N$, >]4c;X?t4X?t $K$b 8+$$ $@$; $k !# JdBj 11 f ( z ) = �z e z !" arg � = � $H $9 $k !# s 2 Z $K BP $7 $F <!$r K~$?$9 6J @~ L s ( t ) !" t 2 [0 ; 1 ) $, B8:_$9$k !# 8

(1) f ( L s ( t )) = L s ( t ) (2) ==J,Bg$- $J h $K BP $7 $F !" <! $, @.N)$9$k !# L s ( t ) \ R h � f z j (2 s � 1) � � � < Im z < (2 s + 1) � � � g (3) L s (0) $O f $N ITF0E@$H$J$k !# (4) t 6 = 0 $K BP $7 $F !" <! $, @.N)$9$k !# f n ( L s ( t )) ! 1 ( n ! 1 ) Nc 1 $r <( $7 $? J}K!$HF1MM $K $7 $F !" <! $r<($9$3$H $,$G $-$k !# DjM} 12 f ( z ) = �z e z $, <~4| #2 0J>e$N 5[ 0z<~ 4|$r$b $D$H 2>Dj $9$k !# $b $7 L 0 (0) = 0 $G $" $k$J $i $P !" F ( f ) $N 3F@. J, $O M-3& $G$" $j !" $=$N 6-3& $O%8%g %k %@%s 6J@~ $H$J $k !# $5 $i$K J ( f ) $O 6I=jO"7k $H$J $k !# $5$i$K f ( z ) = � f z � (1 + a ) g e z $H $$ $&7A $N>]4c;X?t4X?t$r9M $($F$_ $k !# $3$N $H$- sing ( f � 1 ) = f 0 ; f ( a ) = � �e a g $G $" $k !# :# !" a 6 = � 1 $H $7 !" 0 $, 5[0z IT F0 E@ $K5[<} $5 $l $k $H$9 $k!# $3 $N $H $- !" f ( a ) $, B>$N 5[0z <~4| $K 5[<}$5 $l $k$H 2>Dj$9 $k$H !" $3$N 5[ 0z<~4|$K BP1~$9 $k#2 <!B? 9‘<0N‘ ;w<L A| $, 8+$$$@$; $k !# $= $7 $F !" $=$N #2<! B?9‘<0 N‘;w<L A|$N=< E6 %8%e %j%" =89g$N 6- 3& $K %+ %s %H !<%k$N 2V B+ C 2 $N 2V 4’ $, D%$j IU$$$F $$ $k $N $, 8+ $( $k !# !J ?^ 2 ;2>H !K ;29MJ88% [1] Beardon A. F., Iteration of Rational F unctions, Grad. T exts Math. 132, Springer 1991. [2] N. F agella, Limiting dynamics for the complex standard family , Int. J. Bifurcation and Chaos, 5(1995), 673-699. 9

?^ 2: � = 0 : 0577688 � 0 : 0721882 i a = 4 � 2 : 8 i [3] M. Kisak a, On the connectivit y of Julia sets of transcenden tal entire functions, preprin t. [4] T. Kuro da & M. Jang, Julia set of the function z exp( z + � ) I I, T^ ohoku Math. J., 49(1997), 577-584. [5] G. M. Stallard, The iteration of entire functions of small growth, Math. Pro c. Camb. Phil. So c., 114(1993), 273-298. [6] M. T aniguc hi, T opological completeness of decorated exp onential families, preprin t. [7] Wh yburn, G. T., Analytic T op ology , Amer. Math. So c. Coll. Publ., 28(1942). [8] >eED !" C+8} !" =t_7 !" !! J#AGNO3X7O=x@b !" !! G]Iw4[ !" !! 1997. 10