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5. optical depth VN EVIFE (7 =03), KFD
ZESHICBNTIEo &) & L7 wake HEEIZR S
v, 2070, HUMHEZEWT, BCHE
BBTHIIo &N E LIBELRAZLIITEL
Vv, —7%, optical depth 2K V& (r =06, 1.2),
wake 53T oRETHLcEs D . o
B, £H L0 optical depth DHFHATH, HEOMMR
BEREREICZ>TWAZERZRAZ LN TES.
72, CORPST 75 —EEFMICHT S wake
DEE (EvFf) dbRARDLIELDPTET, Z0ME
BBBLZ20ETHA.
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D wake R FO— NVICRS, FDLD
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A S A 21ES-0IAT b/ NIKEHE
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=NV TbhTBY), £ Tk, HBOEHR
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b, Thbb, Z0 wake ik & I3RE & A K
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B EICRETS.
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YIBRZIDONEHEELTALE, KELHIRD
WHE () v 7RT) SR AT LT TEIR
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DOBIED wake 124 7o 754, wake l3HHE v F
A EkFEoTVALD, TORBOLTIX) ¥ 7O
MTRLE. Ht, BUEZ, —FORELIL
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BEd 51t wake D E{RE L CECBEERET
B L. ) ¥ 7t 45 7% optical depth Z4F -
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DFERERSB, L LEDD, VY TOREEIINS
{72 E, wake TRETSN/-BHED S HIZHID
wake DHE(EETHZ LIIRABDT, FERHOE
B3haE kb,

5 TREN LD 72 wake HEED ¥ FDHIC
HolBs, EBMICIREDIIICRZADESS
2?7 61X, ZO wake EEDHMNADEILL,
)Y HEOBEECHTIRAFOELERETY
B, VTOBEEN20EOHETS (VDBE),
wake HEESHM X I o 72854 (Hd@) & ()
Lt E oA (b)e@) TRAAVELR
>TWh, HBEIMEHEZOHEIR, ZORICLS
THZEBEIREhTLEY, BEIHEE 0%
B LERTHEMICK FIETIoTRZA. €L
2 7 OEED 10 BEOHE ((DDOHE), &b
SHE LA, OB, (a)k()TIE, Bieibaidid
LAEHEZTLE)DS, (b)&(d)TIIBEA S 2%
>TWh, LaL, V7D EEEINSKTE
L, FOEINEL 2D, @LDHE bBLH
SGHAHEZTLED. 2O ICHNIKETPER
2 B8 L, TTHRTY Y75 (Bl S hDH
Bii—8T5. ZORKRIE, YIaLb—YarThi
L7z wake HrE 13, BN TWBHL SOOI
HHEFERCHBETEDRILERL TV, I,
B ) ¥ 7 TH % S OIEMFMEABIR S vk WHEH
LT, BYYZIBAY YT XS ORTFIH
D, HTOL VLRGP %L, B5TRS
N7z X9 7% wake DR 2 OEIVh S W0 L E
ZbNTWV5S,

I COERIIERNRIDTHo72A, VI
L—3 3 T8 5N wake HixE & ff - CIBEARE
B ETHL SORLEERMISKRD, EBR
OB L BT 2 RAbITEbhoob 2 Y.
wake #1132 ¥ F OB LB R LR THRIEE
SELBHTELY, IFBRLFETHLEIAD
BbH., FOID, WFOF A A5 ER LI 3
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2b=2aryefTikikl, IVEL{ARGLE
Bdb.

5. 8bWIC

BRI TR oL B XA V) ¥ 7O ERHEE
DIEERELZRND 1202, )V T DO—EFDH
YERTHRRONKEET o/, 32
L=2a il&koT, NFRETOBCEN KT
WKEBIANF-HAEORREIC L DR FZEHIE—
RT3 <, wake BEEAMELND Z LA o,
$72, wake HELFEL CITRAT 2V, ZOHE
BaRKESBHBLERBTPOMEENLESD
A EEOHEFFERTRENL L EHLPIT L.
TE) Y IO%E, TOKE L, KK 100 m A
TVl h, EHIT, wake fEENT) v IHICH
272k b, TNIEDLH TR Z B0 ki L.
dbLYyIalb—varyTRaEN/ wake irEZE ) ~
TOHRIARET A% 51E, B TRO»>TwWa#
WAIHEE R ) ~ 7 OB B S OIEFR % [ (238
T&5,

Z DHIfF SN D wake DA X SITAE 100 m LI
TIWNEL, KA Vv —DH AT DR TIZERE
BHITAZLIIHETORW, LELEYS, Hv
VoS RERR L) EREEON AT EEBRLT
BY, $72, LVEWAE TCOBRFTEE RO,
100m A7 — VOrEEEFTCRAZENTE S, 0
Tk, V) TORICID LD 7% wake HEE DN IESS
RENDTRMTH Y, FREOHEEIEFICEL
HTH5.
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Local N-body simulation of Saturn's ring
-Formation of the Wakes and Comparison
with Observations-

Hiroshi DAISAKA

Department of Earth and Planetary Science Faculty
of Science Tokyo Institute of Technology Ookayama,
Meguro-ku, Tokyo 152-8551, JAPAN

Abstract: The detailed observations of the Saturn's
main ring have revealed the existence of substruc-
tures such as a lot of ringlet structures like a record,
much smaller scale, density gaps in a ringlet, and
asymmetrical phenomena in the ring. In this paper,
we introduce the results of local N-body simulations
carried out to explain the formation of such substruc-
tures. Our simulations showed the formation of the
wake structure induced by the effects of both self-
gravitational forces of particles and energy damping
through inelastic collisions between particles. We
found that the typical scale of the wakes is given by
the longest unstable wavelength against gravitational
perturbations in a thin disk. We also examined the
relation between the wakes obtained from simula-
tions and the substructures observed in the ring.The
fact that the wake is consistent with the observation
may suggest the existence of the wakes in the real
ring system.
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