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n≥,

I ¨ÍÏ™˚¨ÍÏ§: (�n[�ízã(1610, ¨ÍÏ™[�)

I ´√∑¸À: (�nπ±√¡(1665-1677, 'dë? �!ÿ)

http://cosmobiologist.blogspot.jp/2016/02/jupiter-king-of-worlds.html
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�—n≥, : ¢˚_

—§™À¢ 10,11 ˜ ‹§∏„¸ 1,2 ˜ ¨ÍÏ™
(1973,1974) (1979) (1995)

´√∑¸À ∏ÂŒ¸
(2000,2004) (2016)

https://www.nasa.gov/, https://www.jpl.nasa.gov/ àä
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(�n®

Porco et al. (2003), Limaye (1986)

I dSg 200m/s (B�720km) n�®
I -ÿÔ¶g⌘ML§ík èãq�®
I �W~W~�h®n⌃⇤L˛‹
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��n®

Sanchez-Lavega et al. (2004)

I dSg 500m/s (B�1800km) n�®
I ÿÔ¶g⌘ML§ík èãq�®
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0⇤˚(�˚��n®

0⇤ (� ��

I dSg�®(dSÖfi‚) , 0⇤odSq®
I -ÿÔ¶g⇢pnq�∏ß√»®
, 0⇤oJ⇤ 1 ,n∏ß√»®

https://sciencesource.com/Doc/SCS/Media/TR1_WATERMARKED/1/1/e/9/SS2791609.jpg?d63644523866, (Kaspi et al. 2018),
http://pages.uoregon.edu/jimbrau/BrauImNew/Chap12/7th/AT_7e_Figure_12_05.jpg
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https://sciencesource.com/Doc/SCS/Media/TR1_WATERMARKED/1/1/e/9/SS2791609.jpg?d63644523866
http://pages.uoregon.edu/jimbrau/BrauImNew/Chap12/7th/AT_7e_Figure_12_05.jpg


(�˚��nu&

(� (Juno) �� (Cassini)

I (� : ✏Uj⇢pn&
I �� : m“bÀ 

https://www.nasa.gov/sites/default/files/thumbnails/image/17-051.jpg
https://media1.s-nbcnews.com/j/newscms/2014_06/162536/saturn-hexagonal-jet-stream_222c76fb83cf9099fdb9ef4bc9c1f5df.

nbcnews-ux-2880-1000.jpg
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https://www.nasa.gov/sites/default/files/thumbnails/image/17-051.jpg
https://media1.s-nbcnews.com/j/newscms/2014_06/162536/saturn-hexagonal-jet-stream_222c76fb83cf9099fdb9ef4bc9c1f5df.nbcnews-ux-2880-1000.jpg
https://media1.s-nbcnews.com/j/newscms/2014_06/162536/saturn-hexagonal-jet-stream_222c76fb83cf9099fdb9ef4bc9c1f5df.nbcnews-ux-2880-1000.jpg


(�˚��n®ny¥

I dS�®(dSÖfi‚)

“ “K’œ›XGkÕYã? dSo�jEOjãoZ

I -ÿÔ¶∏ß√»®
“ _OUìgMãnoj\? iFÑcf≠�Yãn?

I (ufln&)
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(�˚��nhdn/∂An⇣‡nv

I �ED�‚«Î: —�hdÖn({|)2!CÑASK’
• Y4'—<, ≥Í™Íõ4s⇣⌃n�
• �qÑko ◊ : dS†�, Ô : -ÿÔ¶n�∂À 

(eg. Nozawa and Yoden 1993)

• �—n GCM �ó : dSflgn˛A ) Ô : dS†�
but ↵ÔÉLaˆk„Bä
(eg. Liu and Schnieder 2011)

I �ÒD�‚«Î: fi‚⇤ª˛A
• ^Y4', ≥Í™Íõíhf�ó
• �qÑko Ô : dS†�, ◊ : -ÿÔ¶n�∂À 

(eg. Christensen 2002)

• ÑD⇤ª˛A ) Ô : -ÿÔ¶n�∂À 
(eg. Heimpel and Aurnou 2007)
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fi‚⇤ª˛AOL⇠ö✏�(!!C)
Bìí 1/⌦, �¶í ⌦D g!!C� (⌦ oÍ‚“�¶, D o⇤ªnöU).

I /Mπ↵✏

@u

@t
+ u · ru + 2ez ⇥ u = �rp + RaT

r

ro
+ Er2u,

@T
@t
+ u · rT =

E

Pr
r2T, r·u = 0.

I ÉLaˆ : ⌦↵ÉLg)¶˙ö, Í1Yyä.

T = 1 at r =
�

1 � � , T = 0 at r =
1

1 � � ,

ur =
@

@r

⇣u�
r

⌘
=
@

@r

⇣u�
r

⌘
= 0 at r =

�

1 � � ,
1

1 � � .

I !!C—È·¸ø

Ra =
↵go(Ti � To)
⌦2D

, E =
⌫

⌦D2
, Pr =

⌫


, � =

ri
ro
.
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fi‚⇤ª˛A : ÷∑ÕπØ˚

I Heimpel and Aurnou (2007)

• ÑD⇤ª�ó : dS⌃L∏ß√»h-ÿÔ¶�∂À íü˛
• 1/8 ªØø¸�ó : h⇤�ógojD („œ¶ 128x512x64)

• �óBìÌD : ⌅ 1600 fi‚(0.02ò'Bì)

q�A sGq�A
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�—nfi‚⇤ª˛A : ^>'˚

I Gastine et al. (2014)

• E = 3 ⇥ 10�6 ~gê⇧kfi‚í⌦Rã, Öò'�e
• „œ¶ : Ô¶π⌘Î∏„Û…Î¢p 682 !, ’Ñ¡ß”∑ß’193 !
1/8 ªØø¸ (E = 3 ⇥ 10�6 n4�)

(<Pπ`hL¶xÔ¶x’Ñ=256x1024x289 PâD)

• ^>'˚gÇdS⌃L∏ß√», -ÿÔ¶k�∂À �⇣

sG/∂A⌃⇤. ÊKâÛx E L✏UD.
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�—nfi‚⇤ª˛A : ^>'˚

I Heimpel et al. (2015)

• „œ¶ : Ô¶π⌘Î∏„Û…Î¢p 768 !, ’Ñ¡ß”∑ß’ 288 !, 1/4

ªØø¸ (<Pπ`hL¶xÔ¶x’Ñ=576x1152x432 PâD)

• E = 3 ⇥ 10�6, Öò'�(
• dS⌃L∏ß√», -ÿÔ¶k�∂À 
• �tÉLkÑDâö⇣d, hdk0Kj&

&¶fi‚¯⇣⌃ q�A
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‚XnvnOLπhSå~gn⌘⇧n�óã

‚XnvnOLπ

I YyfªØø¸�ó(h⇤gojD)

I M⌃BìLÌD. [D\D ⇠ 1 ò'Bì

⌘⇧nv/�ó

I h⇤�óíüL, ªØø¸�óh‘⇤
I gMã`QwBì�ó

• �ó«êL⌘jOf��, ⌃„Làäπ◆j÷∑ÕπØ˚g‘⇤⌧�
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h⇤�ók⌘&

hbsG® hb PHb≠b
(0⇤∑flÂÏ¸økf�ó, Takehiro et al. 2017)

I dSÖfi‚
I -ÿÔ¶k⌥p∏ß√»(W~W~)

I ÖËofi‚¯køc_À 
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h⇤�ó : Pú

I dSÖfi‚
I -ÿÔ¶∏ß√»®

• wBìM⌃nPú:

⌥p“ 1 ,kç�(W~W~àHã)

(0⇤∑flÂÏ¸økf�ó)

(Takehiro et al. 2017)
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—fÑÓ⇡ : (�˚��'⌫

�∂À hdS†�n⇣‡í¢ãko...

I ÑDfi‚⇤ª±˛A�ó, h⇤KdwBìM⌃L≈�
• HLvoL¶π⌘k˛'íÓö, ªØø¸�ó
dS†�h-ÿÔ¶�∂À í\åãh;5.

• WKW, h⇤�ónwBìM⌃go-ÿÔ¶∑fi∑fiLàHã?

I E = 3 ⇥ 10�6 �ó~gWKÑâåfDjD.

WKÇÖò'gÿ‚p⇣⌃íàä7O�pU[fDã.

• zì„œ¶íBRfàä✏UD E (fi‚')í¢ã
• c8N↵nùX'íøyã≈Å. Öò'jW�ógoiFjãK.
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ÿ„œ¶wBì�ón_Åk...

I ⇤bøå¢p €È§÷ÈÍn9o
• Ô¶π⌘k†Hf’Ñπ⌘n&⌫�íü≈
• àäÿ„œ¶˚'è!&⌫�óLÔ˝

I ^>'˚‚«Înãz
• 'è!ÿ„œ¶�ón_Ån&⌫�
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’Ñ&⌫� (^>'⇤ª˛A‚«Î)

1 πÏ√…&⌫�ó

NPV : ’Ñπ⌘&⌫p
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^>'⇤ª˛A‚«Î⌧�óã

I ŸÛ¡fi¸Ø�ó(Jones et al. 2011 n˝f)

I „œ¶(L¶xÔ¶x’Ñ<Pπp=1024x512x64)

I Ô¶π⌘ 32 &⌫, ’Ñπ⌘ 8 &⌫

q�A [ÙA ®Û»Ì‘¸
(PHb) (dSb) (hbÿ—)
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^>'⇤ª˛A‚«Î⌧�óã

I E = 3 ⇥ 10�5, Ra = 9 ⇥ 10�4, Pr = 1
I „œ¶(L¶xÔ¶x’Ñ<Pπp=512x256x64)

I Ô¶π⌘ 16 &⌫, ’Ñπ⌘ 4 &⌫

q�A [ÙA ®Û»Ì‘¸
(PHb) (dSb) (hbÿ—)
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~hÅh åk⌘Qf

�∂À hdS†�n⇣‡í¢ã_Åk

I �h⇤��wBì��óíüΩ
• ÀdS†�
• ◊�∂À oà≈

I Uâjãÿ„œ¶��˛ü�k⌘Qf
• [Ùdn&⌫�íüΩ
• ^>'⇤ª˛Anp$‚«ÎnÀ…

 å( t¶)n≤L(Ó⇡)

ÿ„œ¶gnÿ�fi‚^>'⇤ª˛AnwBìp$ü◆
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