
����������	
��
��������

���	�
-������� !"#$�

%&'()
:*+,-./012*34

%&56)
:789.:;*4

(2005<3=4

1.>?@A

BCDEFGHIJKLMNOPCQRSTUVWXYVZ[\]MN̂_̀aTbc
dWefghRDEFJijKLGkQRSelmnRhdWeoUpcWqrGst'
QudWSWfDEFvPCwĴ_Xxe[3yzX{|e}~U�n���'��i
��jU�eWG����lWu��JQRijKLJqr̀����h�UDEFvP
C�J��X{cd����̀�nRhe��ro�ef��UDEFX{|e�tJ%
&�GUijKLGS�RQS���el�� hdW�fcQc¡¢JKL6£G¤ 
¥̀udWelmnRhUKL¦§J̈�̂_XxTUKL��o©��g helmn
Rhefª%&�GDEFKLJ��X«¬|ef
BCDEFKLJ��­®̀̄°±²|eglG��³Ugh́�µ¶±²MN·̧¹
Xxe

thermal radiation
J±²º»QR¼°½X�² hd��f�n�Voyager

X¾¿
 h�

IRIS (infrared interferometer spectrometer)
]̀W�±²�GUDEFoÀÁÂX

ÃRhhdWel�lBCJÄXSudWel�JÅ�JÆẀlow phase angle
MN

high

phase angle
.ÇÈUBCXÉcdÀÁl¦ÊËÌQRDEF̀±²|eQÍÉËÌQR±
²|eQ4JÎÏT�ÐÑ�fÒJº»UÄXSu�DEF̀low phase angle

QR±²
c�l�XUxTÓÔSÅ�JÕÖo×RhUghGKLoØutTl.Ù�Ú��l¦
Û�QÒhÜÖ�4��cdWegl̀ÍÝcdWeUlÞß h�f́�Uµ¶±²�

Pioneer 11
XxeBCDEFJ±²º»̀Þß|e¢XUDEFKLJ��­®XÉcd
àáSâãä̀��cU±²lJåæXxudçèWè��­®SRãéềxTè́t
ëì��eQUlWèíîoS hd��fcQcthermal radiation

Jâãä�ïoK
L��ÜðX�ñòS��̀cdWegl��TUKL��XÉcd����̀�neg
lG��dWSWf�n�UKLJ��Ú��̀ωUÙ�Ú��̀Ωl|el�U��J
âãä�GUódJKLo¦Ê��­®.ÇÈódJKLoω < Ω

lWè
“slow rotation”

QUôXódJKLoω � Ω
lWè

“fast rotation”
JçÈRQ4��el��cdWe

oUghGõ¡½�GSWf¡¢Uö÷ø'ù̀¥úDEFKLJûüUO SKLJË



o�t��|elWè�Ìo� hdWe
(Richardson 1994)fcQc����Jö÷ø��rGUgh́�pctÐÑRhdWSWf�<�XBCX�«c�·̧¹Cassini
��

¦ñJ±²oxT���J¹	
(CIRS; composite infrared spectrometer)

̀ud��h

úú�ef�udUghRJ±²º»QRxTì
S}~̀×e��XGKLJ��­®
XÉ|e�î½%&̀y�U RX±²lJåæJ��JxTõ¡½Sâãä̀i�cd
Wt��o�efgg�G�)J[3½��X«¬|ef
DEF

-
PC�JKL��­®X{cdàáSûülcdUDEF�X�Qh��úJO
PCo�TJOKLlĴ_Xxud�×|e��Ú���XúWdGU��pcW� 
o�S�h�

(Morishima and Salo 2004, Ohtsuki 2004a, b)fÒhXxelUKL!�̀

mUOPC!�̀Ml|el�m/M < 0.1
JûüXGOPCGØutTl(ω < Ω)"�

��|efcQcm/M ≥ 0.3
lSelU�#Ĵ_$XOPCX�nRhe��Ú���

o¶J%&'XåÑd*�tSTUgJ“random component”
XxTOPC��G"�vô�l�X��lSe

(Ohtsuki 2004a, b)f
DEFKLGö÷ø'ù̀¥ud(TUÒJ��̀mne¶�gJ“random component”
�Z�XSudtef́�KLJ1E)*��+,ä-él��+,ä-éGVWX./
c�è��U0)JúT�W�mne��o�efª%&�GKL̂_$J��1z̀m
2c�

N
ï3456é37EU8ï��9:� SRNXÞ;� ̀]WdUDEFKL
J��XúWdÐÑ�

(Ohtsuki 2005, Ohtsuki and Toyama 2005)f
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³́UódJDEFKLow!���eûüXúWdJNï3456é37EJº»X
úWdCÑe

(Ohtsuki and Toyama 2005)fD1GUÙ�Ú��Ω�EFz h�KL����J
root mean square 〈ω2〉1/2/Ω
J$¼yz̀6c��J��efD1a
GKL¼JY

VZ[̀m2c�ûüUbGYVZ[̀HGc�ûü��efÒhHhXúWdU°IË
ÌJÍJKIJ'̀8ÏTX1n�º»̀L0MNcdWe.ORQS6£̀�úKLJ
ûüUεt = 1
��e4fKLGBCJCDEFXYP|eQ�X�Qhd(TUKLRSG

1mUT̄ËÌJÍJKIlcdGUV̂_¡WXXt����r̀m2c��J̀]Wd
WefghRJDxTU����Gεt

X*�t��cUPYJglSoRUZ[o*�t
Se.ÇÈ

εt

oO tSe4\ç��Ú��J
root mean square
o*�tSeglo�Q

efYVZ[̀m2c�ûüJËoZ[̀HGc�ûüXåÑd����o*�tSeJ
GUYVZ[J]»XxT̂_#Iô*cÛ_$X(_eÚ���̀a]bôc|
e����e

(Morishima and Salo 2004UOhtsuki 2004b)f
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3.��������ABI. N��������	

�XUDEFKLon(r)dr ∝ r−qdr
J�Jö÷ø'ù̀¥udWeûüX(_eNï

3456é37EJº»XúWdCÑe(Ohtsuki and Toyama 2005)fD3a
G��Ú��

(root mean square)
Jö÷ø'ù��r̀L0MNc��J�U�*KLRS̀1n�Î
ÏTJûüXúWd�cdWefghxTUggX�c�	Wö÷ø
JûüXGU��
Ú��G\�

r−1.5
Xå�|eglo�Qef�ËU�C|e8ï��9:� XXt��
+,ä-éyzËÛ
̀ÞtË�̀]WelUDEFJÂ3½	 (τ )

oO WûüXú
WdGxT
�Wö÷ø
XúWdJ� o��XSefÒhXxel*�'Jö÷ø��X(Wd��Ú��G

r−1
Xå�cU'ùJ����J*�SKLXúWdG\�r−1.5

Xå�|elWèº»o×RhdWef�udUD3a
Jº»GghRJº»l��|ef
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���ef́�D5Gö÷ø'ùJ���IqXÉ|
e��r̀�cdWef�OMN�*KLö÷ø̀1n³XqÒ t|elU*�SK
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τ
1̀n�ûüJº»̀�cdWefD6a
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τ 0̀.03
QR
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JûüU��Ú��G\�r−1
Xå�|efghGUgJxèSKLI��J�

W��GKL¦§o°�cüWUspin velocity
J*� (|s| = r|ω|)
oö÷øX�RSt
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synchronous rotation
.ÇÈ

ω = Ω
4J��r��e�lWèxèSÞßoc�c�S 

hU�<�Ü��́u�Cassini
Xxe

thermal emission
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¡¢JBCDEF�GUKLGIcm(
�eWGÒhÜÖ4QR

10m
Û�XM�ö÷ø'

ù̀¥udWelmnRhdWefgJxèS
�Wö÷ø
̀Nï3456é37E�

èJG���GSWf�ËUBCJCDEFJxèXÂ3½X�WDEFJûüXGK
L¼Ĵ_��oO tU��̀���[3yzGÎï̂_J��Z���C��ef�ò
GgJxèSûüX(_eKLJ��+,ä-éyz̀�C|eËÛ
̀��cUÞ;�
 MN8ï9:� Xxud��+,ä-éJö÷ø��r̀ÐÑ�(Ohtsuki 2005)f
#��QR��KLJ��+,ä-é̀Erot ≡ I〈ω2〉/2

.
I
G�râé�EN4l|e

lU!�m′
��e�KLlĴ_Xxe

Erot(m)
JyzG�
��C��ef

dErot(m)

dt
=

mr2

5

∫

ns(m
′)ff ′〈∆ω2〉

3

2
Ω|b|dbdedidsde′di′ds

′dm′. (1)

ggX
ns(m

′)dm′
G!�o

m′ ∼ m′ + dm′
JKLJ£I��UfGKLJ9:��beU9:�̈Ú

iUMNspin velocity s = rω
.
r
GKLRS4J'ù{IU〈∆ω2〉
Ĝ_Xx

e
ω2
J1z̀QYÚ%&c��JUbĜ_|eÎKLJ9:�RSJ���efeUiG

Rayleigh
'ùUÒcdKL��XúWdGËÌG1E)*���Ú��GGauss

'ù��
el��c�PS1I1�̀�SèlU(1)

G�JxèX��Qneglo��ef

dErot(m)

dt
=

∫

ns(m
′){CCS + (Erot(m

′) −Erot(m)) CCF }dm′. (2)

ggX
CCS ≡ mm′2Ω3R4

HγCS/{5(m + m′)2}
MN

CCF ≡ mm′ΩR2

HγCF/(m + m′)2
.
RH

G
�äRS4��TUγCS

MN
γCF

GKLJ1E)*��U����UÍJKIUMN�CQ
RJ �X��|eH�!���ef
D
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G8ï9:� XxT

γCS

MN
γCF

"̀��º»̀�|f#IMNÀIGKLJ�
���̀1n�ûüJº»�UÒhHhσsp,r/{(r + r′)Ω} (σsp,r

GYÉ
spin velocity
J'

�
)
o

1
MN

4
Jûǜ�cdWef́�¡IG$J'̀6cU'o%lSel�XG&
I�'É'̀�cdWef1E)*��o('*�tKL¼Z[oHG��eûüXG

γCS = (r + r′)2

(

c1σ
2

ran,r − c2σ
2

sp,r

)

/(R4

HΩ2)
MN

γCF = c3

l6 hefggXc1 ∼ c3

G°
IËÌJÍJKIJ�X��|e�IUσran,r

GYÉ1E)*��J'���ef(2)
J�

)*+�,GÛ_̀�cd1E)*��l��J¼��S�he+,ä-é-�̀6c
dWef́�+Î,GU.Seö÷ø̀¥úKL¼�̂_o���ûüU��+,ä-éw
'�XÌQè�ÌJ�egl̀�cdWefghRxTU§3�CÑ�Nï3456é37
EJº»̀ëì|eglo��e

(Ohtsuki 2005)f
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5. Discussion
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dUthermal emission
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