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WAL TR ESE DO EBERFEOREE - LB EA~ DRES

Dependence of scattering properties of dust aggregates on
their structure and chemical composition

ANE BT (A - H) B8 B R ARSER - HRRLE)

Abstract

The dependence of scattering properties of dust aggregates on their structure and the chem-
ical composition has been investigated, using the discrete dipole approximation method.
Based on the result of calculations we shall discuss how the scattering properties of dust
aggregates reflect the differences of their structure and the chemical composition of their
constituent particles.

FHAGREZEPIIFEELBADKGREREOERMETH 2 F 1) A RIGEFAE
THAIEEPORHENF VI, BREFMECEONE L5109 4 ZR2MBORER - 1214
HFODESETH, BN TEAROLFHEEEDED RO RGN LN EERIIS S =
TR, BRI, R TEASROEBESEOMR IR, BREROBRPRENENLE %
HOPICTHERT TR, BRTDLRETHAIF VI MY I —VICE Y ELRONS
THLHIEEERREMELR OB EFECHIM T2 ECOEBYRME2 52 2.

R, A SREB CER SN B~ OB F» OB I NS0 B2 ok T
REWDIERFER discrete dipole method % AV THAT & 7o, K FEAEO LEESE
B, TRbbBEADBRECREEDEADAEKERIESKROSEN LZKE LR ED
WE R UREMEE ST T, REREHERT 2T OFEEAR I D EET 2. 4E I,
EFHBEDECPERSEOBEDE VL L 312 EOBICERELES RS 2 25285 2
KT 2720, 5EDOEL o FREREROMM FESERICH LT, {LFMABKOREL 2 21&
HOWBA T2 E 2, MBI % R EL S ¢ THhREBEESEOSE 21T o 2. LA »
TAERMA I ERIE L I RERETH 0, ESEOMHER FOBIIL 8102ETH 5.

F—D% 4 X - HEZFOMNTFERSERTIE, {EFEBOTILIIIE U CEESEDBRE 2
RAEDES, BCZTHENS -V OB NI BEAESRMMICET 2 2 LR Esn s, 5
HERIEDOT, W TFEAEOLHEIEESESEOMERLFER % & ORI KBt
TAHEDPICOWTHERT .
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. al-term method &  modal analysis
CRA Bl (WAK- B . Yulin Xu (709 ¥k EKX)

Light scattering by interplanetary dust particles
: the al-term method versus modal analysis
CHajime Okamoto " and Yu-lin Xu?
1) The Graduate School of Science and Technology, Kobe Univ., Japan
2) The Department of Astronomy, Univ. of Florida, U.S.A.

Recently we have developed the al-term method to calculate the
scattering properties of interplanetary dust particles. In this
method, a spherical monomer is replaced by a single dipole and the
dipole polarizability used in the Discrete Dipole Approximation
(DDA) is determined by the first scattering coefficient (al-term)
in Mie theory. Recent investigations have studied the exact
solutions to Maxwell's equation for cluster of spheres. Such a
modal analysis provides a unique opportunity to test the accuracy
of the al-term method applied to the cluster of spheres. We report
comparisons of light scattering computations for cluster of spheres
based on the al-term and the exact modal analysis. We show the
al-term method gives reasonable accuracy for the cross sections.

RERBEONHELARE L AL LCHAKRE ZMEO—D2IF, ¥X b
DEFELBFEROIMTEREINDL Y A ARG A= —X 51 0 L EDEA.
EEOHELDRIROBEME (FA L) CHEIGTEBHERIZVEWS T
ETholze 2N XH%1 0 LT ORF123F L TIE. Discrete Dipole
Approximation (DDA EIL T & 528, ETEEORE R PSHEHEDE|R
PoZNU LD A ZORTFOHEFTEIL, BELERTHRTH 72, &
D% kS 5720, EK A (EdipoleD BRI —HmhSKRD
HZET, BRERHFVRTHL 7 FR5-RIZOWT, FHEEE%
RIBIZILS B 5Ez R L7z (al-termiE) o —H DL ) gERIZON
Tl BRERHNFOEEP D2 WGEICIE, EHREYS5 2 5B
F1E9 5 (modal analysis), < & Tlid, al-termi% & modal analysis & @ HEL
IZDOWTEHRETHTETH 5,
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HEENXDOFNY 75— 7 O
Measurements of Doppler Shift of the Zodiacal Light

FHFIE", Elk (FWEA-H) |
J.F. James(The Univ. of Manchester ,England) ,
I. Mann(MPI fiir Aeronomy, Germany)

T.Mukai, T.Watanabe(Kobe Uni.),

J.F.James(The Univ. of Manchester), I.Mann(MPIA)

To test various models of the interplanetary dust clouds, photometry and spectro-
photometry of the zodiacal light have been done by using a Fabry-Perot spectrograph with
refrigerated charge-coupled-device camera at the observatory at 3049 m on the summit of
Haleakala, Maui, Hawaii in August-September 1995. Doppler shifts of deep Fraunhofer lines
around 5180 A (Mg triplet lines) have been detected. The results and their scientific
importance will be summarized.

BHEXDFY 77— 7 PORIENS, REMEOEH LT LI LPTE 5,
19708, ALV —TIZLo TRy FS5—=T 7 FOBE»THLNIZ, L
PL, ZORVWEHBED /-, M—0EH I, ” REMEDO KIS S, NEmEL
BIZHB” L) ERBIFRELEELNTE, SEF- BN EREL-YEIL,
(1) BREBEICL T, Fy 79— 7 boERID., REBEOWEEHOH
DEERERAE ML T 5 & W) FEIATTH & (Mukai and Mann 1993, A&A
271,530), & (2) BEHICCDI A FI2 L o T, {ERIEED 5 0 B0 SREEER AT
BE & % o 72 Z & (James et al. 1995, IAU Col.150) 2% 5,

Ny 77—V 7 PEEBEBROZ LT, BEFANKEISET CIconT#EmT 5
(KIZBEA 4 0 EET~0.6A) COEMEDKGEEMAKEND, Biirr 75 —&
EeH BIZLIHELOEREETTERHBTE 2V, BILB KBHETER Y 7
7—BEICEAL, 20, COBSENR)E GO H CEBICKET 5 & TS,
ERDBHHERVFHATE 5, COFEIL, EOBENALERICL-TEDBT
EERRET D, SOVBEORWERIC L - T, I OB O IEEKEN % B
LT B LD, SRDEHO—DODEMTH - 72,
BRIEREBDOBALTIZ 572012, NI 4 - <o+ TINERAFRT1995
FEH (BAPLIADBLZ40K) WWEH L. B NTF— 7 BB
PTHLN, EDORRLERT D LIIT, ZORENERIIOVTHRET 2,
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Vv bEFORRBRERMBOFEEEL
%% w—Es (% KRHE)
Non-Steady Evolution of Protoplanetary Disks with Jets

Sei-ichiro Watanabe
Dep. of Earth and Planetary Sciences, Fac. of Science, Nagoya University

High-velocity jet from a young star plays a significant rule in the evolution of the central star
and the surrounding protoplanetary disk. According to the recent observations by the HST, these
jets show remarkable beaded structures, which may be produced by machine-gun-like blasts of
dense gas from the central region of the disks. We explain the cafaclysmic behavior as follows:
Suppose the jet blows at a rate less than the equilibrium value, then the star would gradually
spin-up. By the dynamo effect the rapid rotation would nonlinearly strengthen the magnetic field,

the jet would gain in power, and the star would gradually spin-down.

HST 08Alic &0, FIHREPHEOVEICES Yy ME, BMIBEOFOHEEISHEFICE
RAVA—-PFPINTHEINTWBZENPSMIE . Zhid, Shu% (1994) ik -
TREINTWA D 2y MNAEDAAZXL (FOEDOHWBICEI NLT 4 X7 D0EEN
ROFEED & DHEKELCHRETIV) LEANTHS. LHL, HSTOBAMIIRSh3E b
I—DODOHHTHB YV zy MEHOBRMEED, ShuHDOEFEETFIVTIRIKRZLILL.

EDEMDIDBRBETIE, BEEDEL TV —Var - ToRIMSHEBNHE I A,
—HWR Y 2y PELTHEIH, BOEFHFLEICETLTWS. Yy MHORB R,
DT A RIDSDEBENHRINCENANTEIEICRBEALTNBE EZEZBZDN—BHT
5P, MBALZ . AMRTE, T4 RAILODERRBI—ETHBD, Yy b
DRSS ENEENT A e A B R L.

Bxid, £9, PLERBICEMNIRMENICENT 4 A7 OBELFTE L. ZL
T, TARI7HD6DV xy POBKEEEVNHINIAEFHEL KD, BEEL AT AS
i3, TARXRIHPOLETOTN IV 2 VBB v, B R ., LD ES 75 —BR] tx E R itEA
ANTFEAADH T TR tgEDHTH S, SHERKRICINIET, £HITL2EEY
Ty I ADIRUEDT Ty 7 REFHDV 2y POAMHINE DL, H/X5 X 7 DB
SNIHEIBICHEEEKEIITHEI Enbh -1,

CNODNRFIAFICHBEEZADIE, T4 A7 2Bl MWHDME, T4 X7 DH RE
B, BLUERETHS. O BHERE, FLETOIAFEERICL-THU B D, &
LEDHEREBIIKFT 5.

FAFEERAOEREOLISCEICLY, UTOLIICY xy PORBRIIEHENERX
heEZEZoNA. T Vxy MBFBOREEEZ S, ZDEXVzy MLLBZAEHED
TR BBRENTERLRY, BREOEBRE®IIPLERREICRE YTy 45, HEN
HEIBRERAUBETAFEERATHESIABISRILINS. ZhICL->T Y2y MIE
(Y, AEFHEINMEVESN, FLERKREBICAE VS Y VT3,
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- FIREE R BN T ORERE - iILE~DOEE
B RA (A - B2R)

The effect of fractal geometry on dust growth and settling in
protoplanetary disks
R.Nakamura
The Graduate School of Science and Technology, Kobe Univ., Japan

Taking into account of the correlation between the rate of
molecular collision and the efficiency of momentum transfer
explicitly, we performed computer simulations of the collisions of
gas molecules with fractal aggregates to estimate the drag force in
the free molecular regime. Quasi Monte Carlo method made it
possible to calculate multivariate integrations with sufficient
accuracies. It was found that the gas drag force on fluffy
aggregates can be approximated by that on area-equivalent sphere
in a wide range of relative velocity of the aggregate to the ambient
gas. The influences of this result on coagulation and settling of the
aggregates are investigated.

FIARERHABANTO S A POKE, EEESLHPEILOF A MO
BBz EzZHOM)%E. BESFRBEICBT 52 T ABRAIIRIEE
BINTA—=F —Tobd, —h. BB FOMFERRICEL > TEERE N
VoERERIL, TERIREBEINTELL ) REMRIRTEIR L, —&RICAH
BIZEEZH o TWwWh, FITHRA G, AHEAIGHEEZF - 2 BERIC
B HAEHE, BfEY I 2b—Yavildo TR, FOE, &
I LGB < A AP, B U Z FFoskicE it Ll
P TELZ EPEAPII R ol THRIE, BIZAT—VAEEE D - 77
750 8NV EREAEEZ DA, HARRO Y A XIKFEHEIIEEICTE
FTHIELEEEKRT S, COHERETAVT, BEBRXRERMABANTOT R &
FANOHMEEH. FICBRELILED 7 4+ — PNy ZHRICOWTHEK
HEITR I
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KBREENOS A NBOEATRLENE 1. @xHE—F

Gravitational instabilities in a dust layer in the
solar nebula. I. Axisymmetric modes

BEa%E (k- #)

Axisymmetric modes of gravitational instabilities of a dust layer
in the solar nebula obtained by Sekiya (1983) are generalized for an
arbitrary dust density distribution in the direction perpendicular to the
equatorial plane of the solar nebula. Linear perturbation equations are
obtained on the assumptions that dust and gas behave as one fluid due to
strong drag forces and the dust layer is nearly incompressible. Numerical
calculations of the eigenvalue equations are performed. Several examples

of numerical results are presented.

KEREERNICOIICIE—HICOH L TW ST X FROHBENER SN D ER
iiﬁ+\’i#ofwtwo_m%%Bmpié_ki:/b74b®lf¢
IBEPEE R LORBERLIDICRARTH D, B (1983) (FRBREEDR
EEHLQ~%&&E®52F&ﬁxmaﬁégﬁ%D\%@ﬂ%ﬂﬁﬁxﬁﬁm
SRRBENRS B L {RE LT, FEMIUO T TR EE | FITRICARVT,

L. KBREZHOF R FO/MIEE A FOREEDEVDEEDROEHES
BE. REEICAP o CORBBRALOTRERACLIRESTHT, BT LD
BEEREREH 22 A % LTV D D TRV, ¥ A NOBED 2 FROFHIC &> T,
F A NEBRRE /2o THBEENEKIND & XDBERABENRLRDFREND
%. I CAE., z FREDEEDF A b OBESMITH L TR WY STOBE)
KR pENE, L, (1) e, (2) FRAPETAOBRICLDES
R TRtk LTHRZBI L. BLY (3) FAMNBRIELALHERTHD
Se. BEREELE, BonEAESRRAEZEEHE TRV, W ODOE
B 2B LT, B (1983) & DHBHRETZ T D,

Reference
Sekiya, M. (1983) Progr. Theor. Phys. 69, 1116-30.
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SLI AREEHZE: FiNERID & D plume DEB)DRRH
Near-IR detection of motion of the SL9 impact plume

MWE (K B [ BLRIR), BRI (T AT v 7),
R — (EMRXR), IUAREE (FRERK H)

Satoru Takeuchi (Kyushu Univ./NAO), Hitoshi Hasegawa (Astec, Inc.),
Jun-ichi Watanabe (NAO), Naotaka Yamamoto (Tokyo Univ. Science)

Sudden and rapid brightenings, called as Main Event, were observed by infrared wave-
length from about 6 minutes after the impacts of many fragments of comet Shoemaker-
Levy 9 (SL9) with Jupiter at July 1994. Source of the Main Event is unknown. While
splash back of impact plume is most famous theory, we propose that dust formation in
the plume enhanced infrared radiated from the plume.

We attempt to detect motion of the impact plume caused by the impact of fragment
K at July 19 from near-IR imaging observation of OASIS/OAO. Analysis of motion of
the plume help us to reveal evolution of the plume and the source of the Main Event.

1994 4E 7 A% AR ¥ 7z Shoemaker-Levy 55 9 EE O ARBHRE TR, FHRLTH» L6 5
BICERO BB AEIEYE (Main Event) 25, FMNEDOEEREFRICDZ-> TSN TOD
Main Event R & LT, BfES L O FERERER ICRL L 2 plume ORR~OEHET
Ic X BEER, Bk, Z1 T3 (splashBi)o LA LB X R4 ABAKERERE L THAH
8, splash X T CTRB[FPETEANWLEL TS, ZLTplume RTOFX X FDOFRICK -
C. Main Event DEIAASBHTE 2 L EE L TE o BED L T H, MEEE dIREMN ARIEH
Z#% ¢+ Main Event D[ RHRFHIN T AR,

COEERRRT 5 —> DR, Main Event OFifRIC T, BHAIZ W AFNFELR
DONBOEIETIRB L TH b, THARZHEHEEEXR D E, Thid Main Event DR %
HLACTETHA5, FaxlxsE. MIUTH - KEFEROBEFNEA» o, ¢ X 5%
BRI EOMEAIEEZ T, £ X D Main Event 0K ICBIFT 2EEE BT 5,

BRPEEERERRERY L C\ ke, BEL L D CREZEZAZYW - Y LBV
Tnl, ¥D%H, TFTREOHMNB Y FHEICRET 3B ERDH B, B4l RAUEBECE>
TVBEAFEH=ATEHANT, ThERERD %,



108

Va=X=N-+VE-F9ERDELEH0&0TTT)
Geometrical Nodel for Impact Spots of D/Shoemaker-Levy ¢

T ERME- (HIRXA) . R/ (7R7v2) . WHE (LKE/EBIEXE)

Junichi Watanabe (National Astron. Obs.), Hitoshi Hasegawa(Astec Co.), and
Satoru Takeuchi (Univ. Kyushu/National Astron. Obs.)

Abstract. Crescent shape of large spots originated by the impacts of Comet
D/Shoemaker-Levy 9 is reproduced by a simple model by dust particles travelling
ballistically in the Jovian gravitational field. Although some properties of

the shape cannot be explained by this model, such trial allows us to reveal the
origin of the bright flare observed at about 6 min after each impact with grand-
based telescopes in near-infrared light.
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Mars Imaging Camera (2 X 5 FF 228 BIET1E|
CHIEE WAK- BR) . MHE WELA - B8

The plan of observation by Mars Imaging Camera
ON.Nakagawa , T.Mukai
1) Thé Graduate School of Science and Technology, Kobe Univ., Japan
2)Dept. of Earth and Planetary Sci., Kobe Univ., Japan

PLANET-B will be launched by ISAS in 1998. Mars Imaging Camera (MIC) on board is a
CCD camera to take various images on Mars and its satellites. PLANET-B will arrive at Mars in
October 1999, and MIC will have taken pictures for two years.

In MIC science meeting, we have discussed about the targets observed by MIC. The scientific
objectives of MIC are briefly summarized as geological objective, meteorological objective, and
Martian satellites. In this study, we will summarize objectives of MIC, and report each
observation plan and scientific meaning.

MIC (Mars Imaging Camera) &3, 19 9 8 FEICFHBFMEFIHLET2FE
LT3, KEHFEMPLANET-BICHEB S N2 THEGHREACCDI ASDI L TH
5o PLANET-BiZ1 99 941 0 HICKEIZEREL., #hrb 2 ERH, HiE, B8l
THhNBEFETH 5,

MICOERIZDOWTIZ, SRFEFTCEIIMICHA LV AI =T 4 YT IZBWTHER S
NTEIzo MICHT A LEEL ETA720121 3, MICOSH2BBE L CFORN% &
REBIERL, BIRZBCESVWTIHFRNICERA I 2T TR b v, T/,
PLANET-BHASKE %515 9 0 EMAEEICIE, BOKBEEHIERVTAKELHN
o TFNOLDHEERICD A ATRIEBHINLDT, INHLDI L BEEIZANS L
ENH S,

MICIZ X 2%, BRloE L LTid, KEXREOMA 2., KEHESK., HEL
EVREINTVE, INLDOWEZDLIZ, MICH A ZVAF—L DR )N— %
DRLTIRBHEFT LOONTZ, SEOFETIE, TNETIRES N-EHE
HMRIZOWT I EDET, ZOEREE. BENEELZEIIOVWTHET %,
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BEEMETRAVAELZIPIL 720K (ZD1)
Preliminary Study of Development of Dust Collector Using Low Density Material

SIER (FHAREFXE) , #FRE (FEW) , SHEiEX FEHEMm)
KARzmE -CdLEE AN (RIIBHBESEITE () )
K.Imagawa (NASDA), A.Fujiwara (ISAS), H.Yoshida (MEL),

K. Fusegi and ®Y. Kitazawa (IHI)

Retrieval of Japanese space vehicle will increase, so opportunity to capture dust samples will also increase. Purpose of
this study is to develop dust collector for retrievable space vehicles. Capture type collector using silica-aerogel is
feasible for dust collection on orbit. So,we had performed hypervelocity impact tests to estimate performance of the
collector. As results of tests, silica-aerogel is effective for intact capturing of dust. And, Captured dusts were picked out
from silica-aerogel without any defects. Correlation data between crater shape of silica-aerogel and impact energy were
also obtained.

RENFEHRRE BT JEMR ] FDE0MNAFHEI SHEH IA TS ), BALKBWTbHNELTO
FALOHE - QROWBEFEILE£E:20N05, 22T, FEEBEEHAOIA b L s —2HETLILEDE
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Fig.1 Construction of Test Model of Dust Collector Fig.2 Example of Captured Dust
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Present Status of Study on Japanese Asteroid Mission Project

MEE 5E (FE
FUJIWARA, Akira ( Institute of Space and Astronautical Science )

An asteroid mission to a near earth asteroid Nereus is being studiesd by Japanese asteoid
working group. It includes sampling from Nereus surface as well as testing of several
fundamental engineering items required for future sample-return mission.The current status of
the study is réported.
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INEREEAETHE (MUSES-C) [ ¥ v 7)) v 7EEE
CERBM . KEIEE. PR, EE OB, BHERER. NOE—E (EEW
g &, BIREE], MEEE, =&RIEM10E (%K)
IV Aaly B SV i Vi

The Exploration of Near-Earth Asteroid (MUSES-C): Sampler
Y. lijimal, M. Abe!, A. Nakamura!, A. Fujiwara!, S. Sawai!, J. Kawaguchil, M. Kato?,

S. Fujinami?, T. Masuda3, C. Miwa3, and Sampler Working Group
1: Institute of Space and Astronautical Science.  2: Department of Earth and Planetary Sciences, Nagoya Univ.
3: Instrument Development Center of School of Science, Nagoya Univ.

The exploration of near-earth asteroid is camied out to clarify the relation between meteorites and astercids.
One of the purposes in this mission is the sample-return from the asteroid (NEREUS). We present the
experiments for the development of sampler system.
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Muses-CEtEIICH 1T 2/NKEEE R U EHDEH

Mass and gravity measurement of asteroids by Muses-C mission
OmAtan') - wmmx) . wnre? - orem’) - mr w2

OHiroshi Arakil) , Hideo Hanadal) , Masanao Abez), Masatsugu Ooel) , Akira Fujiwaraz)
1) ElSZ X3 - KIR(National Astronomical Observatory, Mizusawa)
'2) FHPEBFFEHT (Institute of Space and Astronautical Science)

Mass and gravity measurement of asteroids is important to investigate it's bulk nature together with the results
of surface explorations such as sample return or remote-sensing. In this paper, some methods of gravity

measurement studied for Muses-C asteroid mission are presented.
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LUNAR-A BEEF DR
Development of LUNAR-A Seismometer

“k# . BREmk. RNRE. BF € (FEH . LWEDX (RAE)
H. Mizutani, A. Fujimura, M. Hayakawa, S. Tanaka (ISAS), 1. Yamada (Nagoya Univ.)
MU= GRIEXE) . FF B RRB) . #LRE (5mKE) |
J. Koyama (Tohoku Univ.), K. Itoh (Kyoto Univ.), H. Murakami (Kouti Univ.)
EAEE (EIXRXAKR) . BREE (TH)

H. Araki (NAO, Mizusawa), Y. Takagi (Akasi Co.)

The present status of development of the seismometer to be used in LUNAR-A penetrator is presented. The
LUNAR-A seismometer is essentially of eleclro-mégnetic type. New development of technology of winding 20 p
wire in the coil, adoption of a new Rare-Earth magnet, new spring material of low-thermal expansion and others
contributed to the success in building a light weight and highly sensitive seismometer.
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LUNAR-ARA b b — & BEHFEILEE £ ¥ — 0)!%%’*‘
Development of Accelerometer onboard LUNAR-A Penetrator
CHAEE, B 8. RIEE. BNEX, k% £ (FH)

H. SHIRAISHI, S. TANAKA, M. HAYAKAWA, A. FUJIMURA and H. MIZUTANI
(Institute of Space and Astronautical Science)

Abstract The accelerometer onboard LUNAR-A penetrator is developed to estimate the
depth of emplacemient and information on the physical properties of the lunar regolith. The
decceleration record is also indispensable to design the structure of the outer case of lunar
penetrator and to investigate quantitatively the shock-resistant capacity for the payload
instruments. Investigation of several kinds of sensors' performance and improvement of the
data acquisition system are made in order to design the most suitable accelerometer and its
electronics for LUNAR-A penetrator. Using the piezoelectric type sensor with annular shear
mode, the acceleration profiles with the sufficient accuracy are obtained under the actual flight
conditions.
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HRER M L—# |2 L B8R EFHE
Concept of heat flow experiment by LUNAR-A penetrators.

BPE. KRz, BFNER BIEE. ©FEE (FHH) |
FRIF— (REM) | FH— (AEBEIH)
S. TANAKA, H.MIZUTANI, A.FUJIMURA, M.HAYAKAWA, M. ABE (1SAS),
K.HORA| (Met. Res. Inst.), and K. HIRAl (Nissan Motor Co.,LTD)

Abstract:Heat flow experiments are planned for the LUNAR-A penetrator mission. Each penetrator
has 18 thermometers including 5 thermal conductivity sensors. Temperatures around the
penetrator are disturbed due to the large difference of thermal properties and heat generation
of the electronics. One of our strategy to obtain the data of temprature gradient with
sufficient accuracy is to minimize the heat generation after the pehetration into the regolith
until quasi-steady state is realized. By numerical simulation, it is expected to take several
weeks to attain this condition when the initial temperature difference between regolith and
the penetrator is 10 degrees
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Explosive nucleosynthesis of the light elements
and the oxygen isotopic ratios

Takashi Yoshida, Hiroyuki Emori, Kiyoshi Nakazawa (Tokyo. Tech)

The abundances and isotopic ratios of the light elements (Li,Be,B) in the meteorites
bring us important imformations to the origin of the matter in the solar system. These
light elements are considered to be synthesized by the cosmic ray processes or the explosive
synthesis processes such as super novae. We numerically investigate the nucleosynthesis
process of the light elements explosive models and the nuclear reaction network consist of
47 kinds of nuclei. The variations of the abundances and isotopic ratios of the light ele-
ments under the widely varied initial conditions are represented with the oxygen isotopic
ratios. Moreover, we compare these results with the abundances and the isotopic ratios
of the matter in the solar system and consider the origin of these elements.
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TLERAREELIILT LI LICL ) ZORFICETAIER YT,



302

b - ARBO TV ) JCRFTEE O B

Comparison of abundance of alkali metals in meteorites and lunar samples

CARERTF (HERLER)
Noriko T. Kita (Geological Survey of Japan)

The alkali depletion in the bulk Moon is the important constraint on the origin of the
Moon. To understand the process of alkali depletion of planetary bodies, the literature values of
Na, K, Rb and Sr concentrations of meteorites and lunar rocks are summarized and compared.
It seems likely that alkali in lunar rocks, angrites, and eucrites which were formed through large
scale planetary differenciation are all highly depleted compared to chondrites, while Na contents
of parent bodies of less evolved achondrites (aubrites, ureilites, and IIE inclusions) are compar-
able to chondritic abundance. ~
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Distribution of W and Mo in ordinary chondrites and its cosmochemical implications

LB - ClEERE ERIK - H)
Ping KONG and Mitsuru EBIHARA
(Department of Chemistry, Faculty of Science, Tokyo Metropolitan University)

W and Mo abundances in the bulk metals of 10H, 5L and 6LL chondrites were determined by
instrumental neutron activation analysis (INAA). Although W distributions are significantly
different between EOCs and UOCs, no correlation is confirmed between the W distribution and the
petrographic type for EOCs. Mo/W abundance ratios remain constant in EOC metals, but are
variable in UOC metals, suggesting that the W solid equilibrium has not been achieved in UOCs.
The W and Mo distribution in UOCs still preserve the characteristics of W and Mo in the nebula,
which demonstrate that chondritic metals formed by melting before their accretion to the parent
bodies.

EErEIRIC B I DB M 0& VSR (W) . BV FF (Mo) OEEL2ER
BL RNV TRRD Z LB ZOEBBBD TNENZ Eh bEELATRETH D, —H.
LR OT— % — b+ 2 TRVNOTHERZ L > TTFHT 20D H LY., NRZ &I
BAR—EEU LIZb > TEHTOERREREEEZRRLTCNDZENE, 20 L
5 IREE) ZRAD DITRIFOMREERBTZY 55, AL TIE2 1 OF—F4FVar R
FA4bh Ha>YRKIA4 M1 0. Lav RS54 bS5, LLa> K54 b6 1) »5&)R
Mzt L. W, Mo FIEE % Rl B EAEIc k> Tk, &R/ ELE
tH DA% R DTz, :
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Analysis of Elemental Abundances in Micro-Cosmic Samples (2)

CtaftiFEE (FHkEX - #) , HEg- (FK-H)

T. Fukuoka (Gakushuin Univ.), Y. Tazawa (Kyoto Univ.)

Instrumental neutron activation analysis (INAA) for chemical compositions
in micro-cosmic samples less than 10u g weight have been reported. Glass chips
made from the standard rocks such as JB-1 were used as standard materials for
the ordinary lithophile elements. An alloy of Ni, Os, Ir, Au, Al, Cu and Pt has
been made for standard material of siderophile elements. The chemical homo-

geneity of tiny chips (>10uxg) were checked by INAA etc.

FREHEBRYT D2 EERKT L SREINZFHES I U S, LDEF, FBHRDOERIL
WMo—Hiiz L, BNFEMEOMEMEFFEBEIN TS, BE, FHEMD WA,
INBREZEOFEEMEIN TV S . IHWIFRIC, ZR6XKEL SO FRBRBFICA S
TREMME 2 > TV 3. ThoB/NFEYHEOMEPLRIELXH 2 ki, (L%, Y
¥, BR%¥, YEY¥EOT—IDPVETH S . B ARHBRBROEEM YERN T —
PTH3. LOrLAMERII e (107°%) 30 ZENUTROT, ERMFEX O ICP-
MSEZORBEESITETIE, B8, KEFELSOBLRMBMEL LD, HROEHEMIEDL
5. INECEA, ARBFOLEMEAMORECEHER L € & BB HTFBEHESITE
(INAA) &, pellTORRICOTDREEND D, BHE20TRULOSIMNAEETH 3.
INNMIZIEBIRIE T H 218, B TOERERY 2, B—RAB CEGENBZ, RIHE
HEROREE, MMOBFREFONZKE A LD 3 .
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BRUVERLW) TERSONEITY, WHREEMTLL, AHER L INMAOREREEET 3.
QBEHRORE 2 M/ NEREK3 x 3mn DRY TF L 2T 4 IV AICERABIAAT, TS EUE
WERRCT 3. QBETEOEEE LT, SEEERE (JB-15) Hkm 5EM L -4
AWK I0ugEEERAVS . —F, FEMEPKEEh 2 Z D% AU, Ir, 0siZDW
T, ThETI0pgt—F—TbB—RWEXB2 LN, THHDTHRETH-. §
m, HYFESETLE (k) OBHT, ThoLEOZEYE E LT, Nix—21T, Os,
Ir, Au, Al, Cu, Pt2EUEERER L. ZOEEDOHMNE (>10ung) OIL¥EHIE—
M4 INMETHRET L EREZ|MET 3.
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Resistance to Proton Radiation on

MIR Microorganisms

M. Kabashima and J.Koike (Tokyo Inst. of Technology), T.Saito (Univ. Tokyo),
Y. Kawasaki (Mitsubishi Kasei Inst. of Life Science), XK.Kobayashi (Yokohama
National Univ.) and M. Sasada (TBS)

Abstract: Resistance to radiation on MIR microofganisms were examined by proton

from Van de Graaff accelerator. An ability of resistance was shown 10-fold over.

BME: BEIEXRFEREOV 7y T/ 7HMEREHAVT, I - VAKX EEL 2%
EYyoro b VHEEZHEL . TR, Yo b ViR HERBERCEFL L 8L
MEHBRLTHED EOMBEZER L TV I EHNHBAL I,
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Formation of Organic Compounds in Simulated Interstellar Dusts
by Proton Irradiation

O%MGER - &T/H - IREE REENAZ - T)
MBI GRRTERY - AMET)
i B GO KEFHR)
Takashi Kasamatsu, Takeo Kaneko, Kensei Kobayashi

Department of Physical Chemistry, Yokohama National University
Junpei Koike
Department of Life Science, Tokyo Institute of Technology
Takeshi Saito
Institute of Cosmic Ray Research, University of Tokyo

In order to study the possiblity of the formation of amino acids and other organic compounds
in comets or interstellar dusts, we made several types of ice mixtures in a cryostat at 10 K and
irradiated them with high energy (3MeV or 35MeV) protons from accelerators. After
irradiation, volatile products were analyzed with a quadrupole mass spectrometer, and non-
volatile products were collected with water. They were acid-hydrolyzed, and analyzed by ion-
exchage HPLC. Some hydrocarbons were detected in volatile products and amino acids such
as glycine and alanine were detected in acid-hydrolyzed products. These results suggest that
the formation of "amino acid precursors" (compounds yielding amino acids after hydrolysis)
in interstellar dusts by cosmic radiation is possible.

HEREMC O OFEYOTFERA LN, BERL, FORBEEZ LN TWSEREF
DEEDIT, R ETOEMORBES, MOKEBIZBITAEMOFEDTREMEICEEL T,
Bk A FF- TV B,

L2L., ZRETOBAICRBW TR, 7B Co4sEER DI, BEEFL, EMEF
ZIBHEIATWRY, 22T, bivbiui, ZERENTEEEMEZ <V, THUIFH
BOEED THOIEREANX—DBFHREBH LT, TI/BREOFEMDOERIZONT
BEtL 7=,

EBIX, 7 T7A4FAF¥ Yy MIK)FOEBRIZ—BILIRBH A WNIAF Y - T E=T -
KEZDBEAKEEZREMITT Ky 2ERL, ERILEKRFEODVan de GraafthliEs, H5
WIITHE R KRZERFEBIEFROSF A 7 1 b a v bEF#R(GMeV,35MeV) & BB L7z, BE
%, BREOERYIIEESIEI COIT 1T, BERMEARDIIKIZEN L, BINAS
fE%. A AU HHPLC T, 72/ BOW #1772 o7,

ELLDHFEICBNTH, BIMAKAGBEOFITIZL T, ZV vy TI=vREDTS
JBOBFEENERIN., (73 BRI OERINTRENTR., BRORERSDOBRASHE
RS LEEEE, TV VDGHEEEATEE. REBERIZA L VR ESTHEEIE. 100
QHHEN ST RRETH oM, —BLRFEEZFSEHAITIE, 4 LIELS Lo,
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Organic Compounds on Mars: Formation and Detection
OINVMREIE - TMREE - £ B - 2FMNE (BEEXAIL)
AED (KMIEREEDB
EBE B (RXFHF)

Kensei KOBAYASHI, Takashi KASAMATSU, Tadashi SATO, Takeo KANEKO
Department of Physical Chemistry, Yokohama National University
Yoji [SHIKAWA
Bio-Environmental Engineering Department, Obayashi Corporation
Takeshi SAITO
Institute for Cosmic Ray Research, University of Tokyo

It is probable that early Mars had the same type of atmosphere as early Earth, that is a mixture
of carbon dioxide, carbon monoxide, nitrogen and water. Irradiation of high energy particles to
such a gas mixture caused the formation of amino acid precursors. Less amount of amino acid
precursors can be formed in the present Mars atmosphere. These organic compounds could be
preserved in ices in polar caps and/or underground frozen soils. Detection methods for the
organic compounds on Mars in the future Mars mission are discussed.

KE(I46{BFERDEELIE, 40BEF< 5 OFTE TIRMBR UL ET= L&Y,
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REIPICREGELUVEEEOERYIRETE LM >, LA L. VikingstE(c
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JERBIERMR] NER LI EERT, T, BB ELTREDKERTEEFIVE
L. COLNDREZ10{EIC LT MERAZAR] (CO: 0.7%; No: 27%; Ar: 16%;
0z2: 1.3%; COp: balance) DESTHERM O HITH, BEOATHTHHEDT
I/ BRRISRAENERFIRETH B C ENTREEINT, ,

VikingstEI DR 2 BF X -BXRO0 DEBBAHIC L3 AEDERY - &
RENTERTH B[], £HiEEEXEE UTRBE,. BAEEENBBICEN-T
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BIEEE LTI B BGC/MSEDM, kil (H3 W IIIKSR) %, BSOS
ERMEO7 I/ RICEHEENGSITENEZbNS, BE. BT EREERYTE

TRAWT, LREFEOFHEERA TS,
[1] D. Chemavskii, et al., J. Biol. Phys., in press (1995).
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MPD7-7¥ =y MZ X 57 XV RO R KEE
(Huge Momentary Synthesis of Amino Acids with MPD arcjet)
OEJI fir - BHA 38 - ER B GRITK - TH)
/MR RBIE (BEEK - WHET)
Shin Miyakawa - Hideki Tamura - Akira B. Sawaoka

(Res. Lab. of Engineer. Material., Tokyo Inst. of Tech.)
Kensei Kobayashi (Depart. of Phys. Chem., Y okohama National Univ.)

In general, the prebiotic synthesis of amino acids has been conducted by means of
supplying low energy for long timel.2). In this study, however, the total energy of 524 kJ was
introduced to gas mixture composed of H2: CO: N2 =15:4: 1 in molar ratio only for 1 ms
with a Magneto-Plasma Dynamic (MPD) pulse arcjet used 2000 times, and the high-
temperature and high-density plasma was produced. The total amount of the injected gas
corresponded to 4 / under normal state. A huge amount of precursors of amino acids (4.7
umol) were momentary synthesized, which suggests the possibility that precursors of amino
acids were produced in high density on the primitive earth by high energy activation, e.g. a
big meteoritic impact.

JFIEHER L CRREME Y VN B ERT A7 DB A BREDBETT I VBED
LIEZDRIBFESFEL 2T NELR D2, LAL. EROT I ) BEOAEKRITE
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MPD7 — 27V x v hEFENANNVARI TS A< REREBEEZH G, 1ms LW
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CBEBETIATEERL, 2O
fHI1X 2000 ¥ a v FrOREIZHY
Th, ZHIZED, 4.7 ymol £\
KEDT I BERIERE L B ICE K
TAHIEIWKRI L, 2oz kid,
BIEHER E 2 B W TEKBR DE5E
BrlZERENS L) BRIV F—
RETTT7 I BERIERARASTHIZEE IS
AR L7 TREM A RIBT 5

Impact

Reference
1) R. Stribling and S. L. Miller: Origins of Life 17 (1987) 261-273
2) K. Kobayashi, M. Tsuchiya, T. Oshima, H. Yanagawa: Origins of Life 20 (1990) 99-109
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Comparative Planetary Potamology
° Akinori Kadota - Hitoshi Mizutani (Institute of Space and Astronautical Science)

Abstract The objective of this study is to examine whether Martian valley networks are formed by fluvial
valleys as has been widely accepted so far. Although morphology of the Martian valley networks is similar to
that of terrestrial valley networks, it does not necessarily mean that the Martian valley networks are landforms
eroded by liquid-water flow. The landforms eroded by flows driven by gravity are controlled by viscosity of fluid,

gravity, discharge of the flow, inclination, and others. In this study, we will attempt to assess what parameter is
the most important for fluvial landforms on the Earth.
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The heat budget in the runaway greenhouse state.

O A ( bk - WKL ), hE 0 ( Ak ),
RN Bk - MR )

OM. Ishiwatari(Hokkaido University), K. Nakajima (Kyushu
University), Y.-Y. Hayashi (University of Tokyo)

The heat budget is analyzed in the runaway greenhouse state of three-dimensional atmosphere. The
system considered here is based on the one-dimensional model of Nakajima et al. (1992), but includes
the atmospheric dynamics. The Rayleigh damping and Newtonian cooling are introduced in the upper
layers in order to make long time integrations possible. 2000 day integration are performed under the
condition that the solar constant is 1800 W/m?. In the runaway state, atmospheric heat budget is
determined only by the condensation heating and radiation cooling. The atmosphere is cooled only
in the mid-latitude and heated in the rest part. The whole atmosphere is continuously heated.
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Magma Generation and Mantle Differentiation of Mars
Based on ““Ar Abundance

OHiE #—., 54K & (FA-18)

Eiichi Tajika and Sho Sasaki (Univ. Tokyo)

Magma generation and mantle deffirentiation of Mars after the formation of the planet
are estimated from the atmospheric abundance of 9°Ar and the erupted volume of volcanic
materials. The present amounts of “°Ar in the atmosphere and of the volcanic materials
on Mars suggest that the volume fraction of the erupted magma to the original mantle
materials averaged over the history should be about 0.02-0.05. The integrated volume
of mantle materials that produced the observed volcanic materials and atmospheric 4°Ar
is estimated to be about (4-11)x10'®m?, hence the extent of mantle differentiation after
the formation of Mars is only 0.03-0.08.
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HOEFEEITTROER
Volatile Loss from the Moon

BA =E
HIK - B HERREMFES

The Moon is depleted in volatiles such as K much severer than the Earth. Possibility
of volatile loss from the lunar magma ocean is investigated, taking K as an example
because of its geochemical significance. Thermal escape of K-vapor and degassing of K
from a convective lunar magma ocean are theoretically examined. It is concluded that
thermal escape can hardly cause loss of significant amount of K. A boundary layer theory
of thermal convection suggests that degassing of K could proceed to a moderate degree
during convective cooling of the magma ocean, but its degree may be still too small to

explain the strong K depletion from the Moon.

ARERCERX K ItRBINW2ERE TR CBOTRZ LK ZR > TWVW5, {it
o, ERBREICLIMEPL. GEO< I/ - A —v e YOEKEAOERMETE DR
PDOBHETIHPBREESNT VS, L2LZOHEMIC >V TRAHEHLANBES . EHENSE
TTEOBDLDBAORFICOWTHEEZOL, O > TV,

SRIBARI < A —v2 YD OLOERMETHKOBE DO AR IC>WT, HIEILFH I
BERKZ2PlicEd, ARTA %, KO K 0BFHAELA OB EEEZ LR 2iCiE. £
WOOKULEOFEBRBSLETH 2, Chid<w /74—y + YORE (8% 5 <~3000 K)
ELTRIEBENTE S, LEB->T.KOELIK—FICANBETA» SHET 2 &
BEZISLK, BNREGEA S = XA E LTI Jeans Escape Wb - &5 L0, TOHRE
M 5 &, REEE 000K Fo. K o##ikE I 1.5x10° mol/yr t& %, ALK
OKEBiZ 10 mol d4 -5 —Tdh0. FHEH% & > Tb Jeans Escape TR HD K &
EEEARKESEBMAIEZIEETERV, LArLABROMER LT, HhRI K EX
DEGET HAEENEE2D LNV, ZOBGICE~ I =Y+ VDO DK ORA
ANREBREREEA D, BUROBABEROEAZEAT 2 L. =7 < OBILEUE
HEKOVMELBABROLEY K OBV ANBEZZEST B2+ -7 25 L1025, BILER
M. WELEERE L1007 m?/s. 10° m?/s 2z h FhiRA L. ¥HIRE 3000K %K
EL.REEHMBROZFELSIZ200KFHETYrv - —ve YBEHIT R ELREBEE.
HABBIEHK 40-50 B s s, ChizAD K OFDE (~ 1/15xCl, ~ 1/5x H1Ek)
EHETZICRATDTCH L. R A7 A —v e VORKTK ORZZHEFT 3
DR, PBROHELEA LI,
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BETTOLE#-H,ORIGERYMOER EBEICONT
Shape and texture of the reaction product between metalic iron
and waterunder high pressure up to 10 GPa

Ribip4d” (GEIX - #)
Okuchi Takuo (Faculty of Science, Tokyo Institute of Technology)

Metallic iron reacts with water to form iron hydride under above 5 Gpa.
Shape and texture of the reaction products, obtained as metallic iron at
1atm, was studied up to 10 GPa. Melting temperature of iron hydride up to
10 GPa was roughly estimated.

VIEBhER DA BB ICIE, SER&%E VYT A FOMRIS, XY OBDERERD D
BENTUWEREESEL. COERERSY, £RICSIEHRVTEELRET VB
WOSEEEIC, TENFRICESIHRENZIOMNE, TOROMIRAROELPRER
BEEZBZLTEETHD. FLEREEPDEAR, 2B% - S VUM MEBICR
HSETFIFB3ESICEB< DT, MEBIEOBERDI A FIHOREEZDLTHERL
15.

EMRARICABICHEETI3ERERSDS B, RELHEEICOVLTR, &F
TTEELTEESICHBEND LD, TNETICERNICEMIOHONTINS. £
FKEIZIENNSCPaLl LT, BHERISL TEERSKRLY (FeHx) Z2ERTS
o &M, Fukai(1984)BIckYBESMICEN TS, FIEEROREKRICIE, KR
EICHOELTRIBENAELEZDNSD. COH0E8L YT A - 2EK-HODR
Tl, Suzukietal. (1984; 1992)4E 2L > T, EHHSGPak TORBRMIARSTT
bh T3, TORE, ERTVICLEHNFIZSRESL T, KRATEE300umZE
DEEHRERRTEL, BALELERPICZSHORENHOND ZEBHRLMNIC
Xhi. COLOIBEEHOEREOTRKIT, BELASVIA MIEENDHHOL
SEBHMSRGL TFeHxZR L, RBEREIUARRELEZONS.

FRETE, RALIUTA b-2ES%-HO0RICDWT, EH10GPak TOFEATRER
27T, SESHFORK - BEOTEH LS EHLA. £BEHRNTORRIT, &
KECMDEERENTORSDOEREEZBHDEEZOND. YIHHIKREICH
BENETHBITITTA— v I, HIEYOHONRER L TOARTRERDLS
L\, TOFTHREBEHEHOBREL T, BIFEREOHKFRLIITERENLTDH
25, ZOHKECMIRELDT, TDOAEICLIBEHEBRORE— RIX, SKOEE
DIFE LY BEN>EEZDBND.
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Plastic deformation of powders
~ SHIRONO Shinichi YAMAMOTO Tetuo
Department of Earth and Planetary Sciences, Hokkaido Univ.

It is expected that a planetesial consists of micron-sized grains and has porous structure.
Knowledge of mechanical property of powder is necessary to understand evolution of plan-
etesimals. We propose constitutive equation of powders which can be applied to plastic
deformation process of porous powder and calculation of energy dissipaiton.

BREODKGREREBRICBVTIE, MERE SPEN S KENEHEZSE L CEEDR
BEEWRLEDDEEZLNTNS, ﬁﬁ%@W%$MS0/&aﬁﬁ%bnrmé(w
B, O9FARES VRITILN), ZDLESIT porous BREDHEAL RT3 7 DICI.
BRYE CTHIMMEQESZHEMITIRENRD B, FO0] $mnr1%¢@%m
FERX EEIT VN duy EISHBERT V) doyw DBBRR) 2R,

AP OBET R F—0 5 DRAICGET 2 LR FRIOTRONE L., EHELRE
EDOEEAD, HNBEVERNTOBELEBEOH ETHEE, BRIRILE—, &
HEMER, SABBERNZNEN E.(0),K(W),u() EvOBBELTEEDZ B D ET
B, INEEAVTHRRER fIZROLSIET o ENTE S,

1 1 1 1

f= 5Tk [QR Sikon -+ ﬂ(aik - §5ik011)] - E, (1)

fE=0RRo e EIBHERBID, f<0DEERIHULHETS. BEOTREY

%z duy = dufy, + dujy CHEMEERS duf, EEBMEERS dub, ETHET B, BRI B WL TIEGE

MEMLLTWBHDETDE, dul, = 0f/oad\EZIF B, dME df = 0 DE&fEM 5 i
THIENTE, iz dy = dufy — Y(duf; + duf)) THD I EITHERT S & dub,ld

1 2 1 1
P o= 6; — ok | A
dui 2 [‘7” ’“<9K 3u) * f’“]

3K [Uu(szk(gK ) + O'zk] do s 1 -

s ouckk
oy [E + 4”20-1&: e Cr Al < ] You

d\ = Aok (2)

(2) KVMEDHRAFBERTH 5. (2) RITL D TRINF—BSRR bogdul i 5 3HET
HIENTESD,
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The motion of a hydrogen atom on icy mantle of a dust grain
“Koichi Masuda”, Tadashi Mukai®
1) The Graduate School of Science and Technology, Kobe Univ., Japan
2)Dept. of Earth and Planetary Sci., Kobe Univ., Japan

It is widely accepted that most of molecules in space are produced
by the surface reactions on dust grains rather than by the gas phase
reactions. Such grains have generally the icy mantles accumulated
on the solid particles inside the dark clouds. Moreover, such mantle
has not crystal structure but amorphous one. We have investigated
the dynamical behavior of hydrogen atom impinging on the mantle
consisting of amorphous water ice based on the computer
simulation of MD (Molecular Dynamics). We have found that the
hydrogen atoms impinging on the surface of amorphous water ice
were easily trapped in a dent of the surface and, consequently they
have been fixed there firmly. Our results suggest that the migration

of hydrogen atoms over a large region of the icy surface of a dust
grain seems to be inactive.

FHEM TOSFIE, FHTOREB LY, CLAFHEL COETRREGICL> <
EREINEDBETHELEDNTVS, 72, dark cloudFTld. ZDFHEIZA
TCELIV MV EEE-TBY, o< v ML ENVLEEBETIEILLLTENL
77 ABEZ LTSI LB OER SN T WS, 4EOMETIE, B
REBIZLoTEVELEROIE 2 HORKROTEN 77 2 Kk% . EXGERO
TPV ERNTT, €D ETOKRERTFDEE %MD (Moleculer Dynamics) % B\ 5
ZEWENYIab—b LA, COREEE, RACSEOES HRAFEL 71T
T, BFARRERBIN TRV, COFR, 72 FEEICHEA Sk EET S
FEACHE, BRESNEZEE D otz T, HELIAEREFRI VA LE
HZEVERICD 2o THBET A2 2 LIITES, YAMRBRORF VY vy L0 iE
IZBEBoTLE) T e 72,
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ESR dating of NH, radicals in NH,-doped ice
of outer planets

CEB WP OB R R TTE (RKED)

N!I3-doped ice irradiated by v -ray at 77K were measured to electron spin resonance(ESR) dating
of the surface materials of outer planets. Signals of O and NH, radicals were observed in
these samples with X-band ESR measurement as shown in Fig. 1. Micro wave power and temperature
dependence of the spectrum at both X- and Q-band frequencies have been examined to separate
NH2 signal from other overlapping signals. Annealing process of NH, radicals and future
possibility of ESR dating of icy planet and satellites using NH, in ice are noted.

NEROKEFEBARECRESNTE Y, BEHRBRICEZ 5 VAVHEELTH
5 LHEA NG, BaBBUCRODARERYITH B005 V)V E RO EEDKDESR
FRMWEDTRETH S I E2MELTEI, TITR, A E LTEZNANLOHE
MBI, TIKT o $1I84 LB 7 € =7 kDX-band ESRMEZFT 720 FDX
N7 MVEFLG HIRY . JHURES VAl N, 5 VANVDESNEL > T 5b %2
bMbo INLDREFITONT, /T —4iE, BREHELTN, F7:Q-bandESRHllE %
1T\ Gtk Lo UEDRIRELD ., I VMV OBSBIRELE L, HERELD
HNYH & VTHFET 2KFOT V&2 T A% AOTOKOESRERME D AT LI
LTRSS 5,

Fig.1 EANH/KDESRE=
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KERDRFERB OV XEERICRET 5 =B
Experiments on size dependence of restitution coefficients for ice spheres
ChEGEt. FNBE. MBE— GEAEED)
° M. Higa, M.Arakawa and N. Maeno
(Institute of Low Temperature Science, Hokkaido University)

Measurements of the restitution coefficient ( & ) of a water ice sphere were made in a wide range of radii
(0.14 =rp= 3.6 cm) and impact velocities (1= vi < 1000 cm/s) at 261 K. The impact velocity dependence of
& was expressed by a critical velocity (vc). vc corresponded to a velocity at which fracture deformation
occurred at the impact point. In the quasi-elastic regime (vi = vc), the value of & was almost constant cross
to 1 and ice samples showed no fracture deformations showed. In the in-elastic regime (vi > vc), € decreased
—log(v./v)

1 C

with increasing vi and ice samples have fracture patterns. & was fitted as e=(v,/v) ., where

v =37r,70499  yc decreased with increasing the radius.

TEOY T, B 1lembh 55mDY A X HEEDK (H20) BFTHRINTWS, KK
TRER (R - B - 846 CXOZ0H@ELEL L IE, BEOU S VOBERHRLTWS, &
KKOREGRKIZY >V OBEEZRD TWAEELRYHE TH O ZOEE. BE. Y1 kit my
THRENRDD, ZHET, RLAITKR CER15cm) 2KT70v V7 IcEREETRESADOKRIE
B (e) OBEKFNE (269-113K) ICOWTHRIEEIT> TE~ (Higaetal 1995) . AEBRTIE. K
RERH (&) OV A KEHE (E£0.14-3.6 cm) 1K DWW TIREE261 K B3 1-1000 cm/s TRIE %
TolkOTHRETZ. M1 KEREEOELDERLE. ¢ RINETERABICHERBORE DG
DOEFEE (Vo) ZBRANWTEETERZ, (1) HEHE (V) BV FOBESIIIVICBIER <.
E—ETHVEREBHRIEZ 5. £z, RERKIEROMME & HITHMT 3B VY1 ke
HERE SN (095£0.04 (rp=3.6cm) . 0.70+£0.09 (rp=0.14cm) ) » LM L. ZDHA ZkEEHE
RAOWZKRRESEEOBD & E DR AU ZETIECERL TWA EEA 505, REOMM
K& THEDT XN F—ZF T, EEPEHOLINF - bHMESRI B LIRS DT
HB. Q) —H. Vi>VcOPEITE. BBEES EMEHRIC L D RBREIIVIE & bIcEd T

%, REFERINETORRE ARICERRe=(v/v) " ¢ TREND, ZOBVITERORME
EBIZBA U v=37 0900 Lizg, +81) S VOBMEBERDS Y > TRTORBEKIL. W

MR (BRI Viclem/s Te~06) THBIENTFRIN TS, LHLSEIES MY A1 ks
HZERLTH, KRORBEREITFHRINIREREI VBN TH B, ZOBEITITREY O 7H
BT OWBEMN > EHRETNICHEINTRAOHIBRIZL > TREBREENE S LANSELL

A3):4 SRR o 10 T
A oy
W
:6; In-elastic regime
8 0.2f 7

1 10
Impact velocity (cm/s)

Higa et al. Submitted to Planetary and Space Science, 1995. 1. REBREROYA IKEHE
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A verification of the mechanism for the maintenance
of‘the Uranian elliptical rings

Toru Sugiyama, Hiroyuki Emori, Shigeru Ida (Tokyo. Tech)

There are seven elliptical rings around Uranus. A perihelion of a particle which orbits
around Uranus moves due to the oblateness of Uranus. Because apse precession rate de-
pends on a semimajor axis of each particle, inner and outer edges of the ring with some
km width have different apse precession rate. Differential precession destroies apse align-
ment, so the elliptical shape of the ring is disrupted. To maintain apse alignment two
mechanism are proposed, one is self-gravity of the ring, the other is gravitational interac-
tion of the shepherd satellites with elliptical orbit. But both of these two mechanisms are
investigated only by rough analytical calculations with some bold approximations This
work is to ascertain the mechanism which uses gravitational interaction of the shepherd
satellites through accurate numerical orbital integration.

REEICEFEA) VI PFEL TS, LPALRIEEFBHEIZORANT WL,
KEEDE D %[\l TV A/NRIEDEEDESIE T bhoTwb, EEBEIDE
FEVHMEREFIRTETA7-012, B km OIgE b2 7 OWNE &AM Tldk HORLE
BENTVWE | ZO70 I GHH CREABRVERNSIITTH b, £ THAT THBHIC
RI-ETVBEEL LT, VYR TFRIEOBCENCL o TREL TV AL, FBHEL
EEFOEFVEEL ) VT EOENHEFRIC I o THER STV L L) 200
HAHENTVWE, LPL., EELDOFITOVTH KRB, BRICIIAEY 2l e v
MERTIORTZE L T2 b Tz v, KRR TIE, EFRWEEIC L o TEM ) v 7 i
T AHRICONT, BEZERE L% ) JLITL ), TOMERBICOWTIN,
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Formation of spatial density structure in saturnian ring

Hiroshi Daisaka, Hivoyuki Emori (Tokyo. Tech)

In the saturnian B-ring, infinite concentric bright and dark stripes like a record are ob-
served. These stripes are caused by the inhomogeneity of particle densities. Since the
discovery of these density structures in the B-ring by the space craft Voyager, the origin
of these structures is left unsolved until now. In our study, we investigate the statistical
behavior of ring particles and try to explain the origin of the formation of spatial struc-
tures by N-body simulations. We developed a numerical simulation code which enables
us to simulate the behavior of more about 1000 ring particles, with taking into account
the mutual gravitational interaction exactly. We report the results of our numerical in-
vestigations carried out by this simulation program.

5(.0 7 S PRN T
TEDY vk, La—FBOEIHIZ S AL
B . B O BERE O SR AT
By FOWRITY) VT RTEE LTV ART O
BEDILROFERTH b, MIEE TIC, TOWK
BE DRI L TE  DIfEr 4T b T &
7205, FNE OWFZETIE. ZR T RDIRV I
Ttk BT B 72 I A A R A = T >
TWnb b DNE . T DEREREEORIEIZEL
TR DB SNTWR Y,

KBTI, ) Y VKT OMEET . i
PG % B L Ny 32 L—2a v 2fii
VW, BEREREOLED Y v L EREICE
W T R R TR ORI TR & 22
RS,

FA7E ¥ TIC 1000 FREEDOK T T H I
T2 b—varvEaRe. HFEROHRICD
Wl Bl EF DT v AEED T ERLD
W) ¥ SR FERIC DV TE LTV ALY 0.0
AP EFTIND Z ERMEFRT H B VD 0.0 o5
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particles

dust ring. This is compatible with typical size of Phobos'
d constrain the dust ejection efficiency at collision.

particles and satellites is the most important dust

ek Réh (GERH)
Sho Sasaki (U. Tokyo)

KEDT AN ¥ T OHCHRERE

Self-Sustaining Mechanism of Martian Dust Ring

Dust ejection efficiency from Phobos/Deimos controls dust abundance of Martian dust rin
Martian oblateness together with solar radiation pressure enhances abundance of

with radius 20-200um of Phobos'
source. Surface erosion of satellites shoul

surface regolith. Collision between ring
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Collisional evolution of asteroid rotations

THIEILEA, BEIE (RHEX)

M. Y anagisawa and S. Hasegawa (Univ. Electro-Communications)

We made a series of impact experiments to figure out the efficiencies of momentum transfer.
Momentum vector is divided into two components, that is, the one normal to the target
surface at the impact point and the other that is tangential to the surface. We have defined the
efficiencies, m and , as the fraction of projectile momentum acquired by the post-impact
target in the two components, respectively. We show that {, is expressed by 7 and C for
small cratering impact. Here, £, is the efficiency of angular momentum transfer from projectile's
orbital motion to target rotation. The impulse in the normal component with the efficiency,
1, may dominate the rotational evolution of non-spherical asteroids.

BAEH AT T 4y 7 REEEED R VWENEHRERICL T, YUy
Z A NVEEI)DBENE DM B Y — 7y NOEHREICB AP MEL L, EBENS
MV%E & =4y NEICEERES & FTRESIC0 TR, FNENDOSTD
WEE 9 CLERTH, —H, TNEFNOESTp,, p, DEBELR OO 2
FANVHY =5y POBER LS ry ONBICEHRLIZLZDS =7y FOHEA
BEIEDOEILE AL & § 5 L, ROIPAE D LD (Yanagisawa et al. 1995) o

AL = 1(ryx p,) + Qro x p)
FoBE 1 EIIHEEICEE L2 DB ESEICE 2 25028, 6 2 HIT T2 IEN
B2 BB ERbT NREDHVIEY —F vy MPBREOEEIZIZ, E1HD2D
DR FIVHIRITFAT 2720, HEREIWCEEZ2 DBORE ISV, LA L,
GalileoZ R IZ X o TR & N//hEE 951
Gaspra 3 TIEZ% <, Kih& FHE#HD L
1217 3d 5, 243 1da d S0 kmt 4 X278
LEICEREILLITE W L) P, AL DEER
HRE D6 ERRKEVIEERLT
WA, B1IHITEHTERLL 2D, 2hbd
DO/NRE TIIHEmICEE 2B ED
AL AR LCEX - T s® 5, %% B
PZTCE) b, [HICPHTICZT A&
I LT/AREERET L), BEICHTZ
EWZ Lo TRITHEDIT) KREVRD L
Nizwnw] twyZ kit b, B

ZE TR
Yanagisawa, M., S. Hasegawa and N.
Shirogane, submitted to Icarus.
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Shock wave velocities and attenuation in basalt
S. Nakazawa, T. Kiyono, K. Shirai, S. Watanabe, M. Kato (Nagoya Univ.), Y. lijima (ISAS)

Abstract  Using Manganin gauge we measured directly shock wave in Basalt as an analog material of
planetesimal. The signal of Manganin gauge was taken in oscilloscope with high sampling rate 250MHz. With
the pressure waveform the Hugoniot Elastic Limit (HEL) was measured 0.5 GPa, and using impact sensor the
precursor wave velocity was measured 4.7 km/sec and the main shock wave velocity 4.2 km/sec. Peak pressure
was measured with various sample thickness (3-25 mmn), and the size of isobaric core was estimated at 1 1mm.

BUHIC BEROEHEFHERRAERST 57 DICIE EHRIFOLEEEE & RZ o0
TETHMBMLENRD 5, TNOSDIEIAREDH ITE ST HEWREBDO A H =X
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FER e RIEDEEBIERRICHT 52 E0a4e s 155,
INEFTPIREOEBRYE TH 5 LA DWHEWEER M THhNTX 7, L L.
ERRIZBRBEOTENLERIIHFE D /0, 2 T4 WIE R & OBy L
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In Situ Observations of the Cratering by Oblique Impacts on Ice

S INFHER, RIBE, EEt (dtX - ER5)
° Naomi Onose, Masahiko Arakawa, Michiya Higa
(Institute of Low Temperature Science, Hokkaido University)

There are many icy-satellites with craters on their surface in the outer solar system. These
observed craters are the evidence of collisions among icy bodies in their growth processes. These
collisions were usually oblique one. Thus, we made cratering experiments using the ice spheres
projectiles and the cubic ice target at variable impact angles. The purpose of this study is to clarify
the effect of obliquity of the impact on the crater sizes and shapes, and the ejecta curtain shapes
and the growing speed. The crater made by the oblique impact with the impact angle larger than 60
° has an elliptic shape. The ejecta curtain grows at 1190m/s along the direction of impact. And
the crater volume (V), impact velocity (v;), and the impact angle( 8 ) have a relation of
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Measurements of Ejection Velocities in Collisional Disruption of Ice Spheres

CFINBGE, HEEt (LBEkY  (EEREEER)
Masahiko Arakawa and Michiya Higa,
Institute of Low Temperature Science, Hokkaido University

We performed impact experiments on ice spheres to measure the velocity field of ejected ice
fragments and considered the conditions under which the fragments would reaccumulate during
accretion in the outer solar system. The ejection velocity of fine fragments formed by the jetting
process near the impact point was determined to be 1.9-3.1 times as large as the impact velocity
irrespective of the target size and the impact velocity. The ejection velocity of fragments at the
rear side of the target (V) varied with distance from the impact point according to a power law
relation, Ve = V,(I/D)™", where V, is the antipodal velocity, [ and D are the distance and the
target diameter, and n is 2 4+ 0.6.
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The acceleration of the runaway growth
due to collisional disruption

Satoshi Inaba, Hidekazu Tanaka, Kiyoshi Nakazawa (Tokyo. Tech)

Runaway growth makes the growth of a protoplanet faster. However, in the late stage
of the planetary accretion, as the mass of the protoplanet becomes larger, the protoplanet
can make the random velocities of planetesimals larger. Then, the collision probability
between the protoplanet and planetesimals becomes smaller and we cannot explain the
growth time of Jupiter. However, in this estimation, the effect of disruption is not consid-
ered. In the late stagé of the planetary accretion, the velocity between planetesimals can
become so large by gravity of the protoplanet that planetesimals are broken. Therefore
the effect of disruption must be considered. In this study, we analytically calculate the
growth of planets with due regard to the effect of the disruption in the study of asteroids
and show quantitatively that the growth of the protoplanet become several times faster by
disruption. Then we use the evolution of the mass distribution function in the collisional
system which is known by the investigation of asteroids.
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Numerical Simulation of Attenuation of Shock Wave
with Stress Relaxation

° ZHATF (KK 1), BB (8K )

We investigate the effect of stress relaxation in attenuation of shock wave propagating in
solids. Attenuation of shock wave is one of the most important processes on considering the
scaling law of impact fragmentation. Many studies of shock wave attenuation by numerical
simulation or dimensional analysis have been done. However, considering the elastic-plastic
change, we have obtained a numerical result different from those previous studies in material
strength dominant region. This is due to the fact that the previous studies neglect or treat
insufficiently the material strength. By the way, as being pointed out by some laboratory
experiments, the shear stress tends to relax in plastic regime. Considering more realistic solid
model, we will report this stress relaxation effect on shock attenuation.
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Velocity Dependence on Mass of Fragment Produced
by Impact Fragmentation
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Temperature of vapor cloud generated by hypervelocity impact

OMEFEEY P - BREREY

OToshihiko Kadono, Akira Fujiwara®

1)Institute of Space and Astronautical Science,
2)Department of Physics, Kyoto University

We have measured the temperatures of the vapor cloud produced by the
hypervelocity impact using three filterd PIN-photodiodes.
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Experimental studies on impact vaporization of ice

SRR MIBE FAR BIFL— JLXKIRESD
Norio Sugi , Masahiko Arakawa , Akira Kouchi , Norikazu Maeno
(Institute of Low Temperature Science , Hokkaido University)

Impact vaporization of ice was an important phisical process in the accretion of icy satellites because this
process could cause the varieties of the bulk density of these satellites. Thus, we have developed a new
experimental equipment to measure the mass of H,O gas generated from H,O-ice target by the impact
vaporization. This equipment contained the electro-magnetic accelerator, ice target and the mass-spectrometer
within the ultra-high vacuum chamber; it enables us to measure the quantity and the species of degassing vapors.
In the closed vacuum chamber, the copper projectile was launched to the ice target at velocities of 97-142 m/s and
the target was cooled at -140°C during the impact. The vapor pressure of H,O increased just after the impact by
the impact vaporization of ice. The latent heat energy required for the observed vaporization correponded to 8-15%
of the initial kinetic energy of the impacts.
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Internal Structures of Large Icy Satellites:Models of Volume Change

CIFRT GEKX -8 | EHEB GRK-®H)

Yasuko Yamacistl (Dept. of Earth and Planet. Physics, Univ. of Tokyo)
: AND
KEer Kurita (Dept. of Earth and Planet. Physics, Univ. of Tokyo)

Many of the satellites of the outer planets have the surface features caused by extentional stresses. It is
inferred that these stresses were generated by global expansion of the satellites. The large icy satellites like
Ganymede must have vast magma ocean of H,O by accretional heating. Freezing of the magma ocean plays a
most important role as the volume change of the satellites. We estimate the rate of the volume change by
freezing of the magma ocean of the large icy satellites, and propose a possibility that the extensional failures
on the surface of the moons were attributed to the volume change caused by freezing of the magma ocean.
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Thermal Properties of Impurity-doped Amorphous Ice

ZW 8 (LK - EEsT)
Akira Kouchi (Inst. of Low Temp. Sci., Hokkaido Univ.)

We have measured the thermal conductivity and heat of crystallization of impurity-doped
amorphous ice. We found that the thermal conductivity of amorphous H,0-CO-CO, ice is.
two to three orders of magnitude smaller than that estimated by Klinger and one to two orders
of magnitude larger than that of pure amorphous H,O ice measured by Kouchi et al. We
confirmed that the crystallization of pure amorphous H,O ice is exothermic as previously
acknowledged. In the case of impurity-doped amorphous ice, on the other hand,it is found
that crystallization is not exothermic but endothermic!
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Photochemical Reactions Simulating Formation of Organic Compounds in Commet

OFLEL. LR Lk - B8
Tatsusi Murae and Takahiro Hirayama (Faculty of Science, Kyushu University)

Photochemical reactions of ice containing formaldehyde, ammonia, and water have been
investigated in order to simulate the formation of organic compounds in comets. Each starting
material was sublimated under reduced pressure into a glass reaction vessel cooled in liquid
nitrogen. The ice was formed on the wall of the vessel in layers which were irradiated from
inside with a high pressure mercury UV lump for about one hour. The vacuum and the
temperature were maintained during the irradiation. After the irradiation, the reaction vessel
was warmed to room temperature. Aqueous components and solid materials were corrected
separately and freeze dried. The reaction products were investigated by FT-IR directly, and acid
hydrolysis products were also examined by GC in order to confirm the formation of amino
acids.
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Angular distribution of the scattered light by the cometary dust particles
: When the size of the monomer in the cluster is sub-micron.
©A.Kamei",H.Okamoto" ,T.Mukai®
1)The Graduate School of Science and Technology,Kobe Univ.,Japan

2)Dept.of Earth and Planetary Sci.,Kobe Univ.,Japan

The discrete dipole approximation (DDA) has been widely used for calculations of scattering
and absorption by irregularly shaped particles. However due to the large memory requirements,
it is not possible to apply DDA to the large particles compared to the wavelength. In order to
overcome this practical problem, we have proposed the al-term method. In this paper we have
investigated the angular dependence of light scattering by cometary dust particle where the size
of the monomer in the particle is sub-micron. The accuracies of the al-term method are tested
by comparison between this method and the exact modal analysis. The results might be useful
for the analysis of light scattering by cometary dust particles in the Rosetta mission.
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Orbital perturbation by thermal emission
of the anisotropic shaped dust particle

TOARATE, [AIFHE (K BR)
Hiroshi Kimura and Tadashi Mukai (Kobe Univ.)

Interplanetary dust grains collected upper Earth's atmosphere
have irregular shapes with fluffy structure. Such irregularly
shaped particles will emit the thermal energy an-isotropically. The
resulting reaction forces perturb the dynamical behavior of the
grain. We will report the effect of such perturbation forces on the
dynamical evolution of interplanetary dust grains.
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T AAHAERE D EEIC DOV T OERETD .
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The orbital evolution of the dust particle moving

in the interplanetary magnetic field

°R. Furusho”, T. Mukai @
1) The Graduate School of Science and Technology, Kobe Univ., Japan
2)Dept. of Earth and Planetary Sci., Kobe Univ., Japan

Nongravitational forces act on the dust particle moving in the interplanetary magnetic field.
The Lorentz force by magnetic field is one of the important perturbing forces on them. Since the
direction of this force is perpendicular to both the dust velocity and the magnetic field, the force
may change distribution of inclination.

Recently, three-dimensional structure of the interplanetary magnetic field was observed by the
Ulysses space craft directly for the first time. And interstellar dust particles, were assumed to be
prevented by the interplanetary magnetic field, seemed to be detected inside of the Jupiter orbit.
These observations by the Ulysses suggest that it is necessary to correct the model of the
perturbation by the interplanetary magnetic field.

By performing computational simulation of orbital evolution of dust particles, we report the
variation of orbital elements and influence of the perterbing force due to the minterplanetary
magnetic field on the spatial distribution of interplanetary dust particles.

REMZHRZERTLEICIE. KBENDNOR 4 RBEH2E . KEDOVEDLR
Lo U0—VL Y NbE BEELBEHD) bO—D2ThHbE, TOHNIERT
DEE & REMBE GO FICEE 2 HBNICE D T, Eﬂ%wﬂﬁ@ﬂﬁ%wﬁé
TBEHERD D B,

L AT, BollBRE MRS O 3 RITHIME & DEEHE Ulysses I & o THI0 T HEE
HWEniz, 2L T, ChETIEMBIRIBREMBEIEICE > TBARBIFS nTw s
RHILEZLONTWD, REFEL ) AEITORRBEDS L\ dust DE 2SR E
STz, Ulysses 1L ATNHDEHFIIX, CHTF TORERBIEIC L 2BHOEFI
CBEZMR 2 LBEHEEZRRL TS

ARIDOEETIE, REMBST2EHT2ENFORNEEZORMLL, BEIcL 2
BHNIVBHNTFOZESMIIGR 228, BLEREYI 2V—-Ya v 2 HVWTH
X, WET 5,
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The (B -meteoroids found by Ulysses in out of ecliptic plane
OS.Yamamoto(! , T.Mukai (1(2
1) The Graduate School of Science and Technology, Kobe Univ., Japan
2) Dept. of Earth and Planetary Sci., Kobe Univ., Japan

The dust detector onboard the Ulysses spacecraft has measured many Interplanetary Dust Particles (IDPs) in the
region of out of ecliptic plane. It is thought that among these observed dust particles there is a large amount of
beta-meteoroids, which are accelerated away from the circumsolar space by radiation pressure.

The IDPs supplied from comets and asteroids are drifting slowly toward the Sun owing to the
Poynting-Robertson drag forces. In the circumsolar region, these particles begin to sublimate. Consequently,
their sizes become the critical ones, below which the radiation pressure is significant. Due to the effect of
radiation pressure, the sublimated dust grains move on more eccentric orbits, and finally they take the hyperbolic
orbit, which are named “8-meteoroids” observed near the Earth.

We have checked the possibility to produce the 8-meteoroids owing to the anisotropic gas flows from the grain
due to sublimation. In addition, we have investigated the orbital properties of the f3-meteoroids observed in the
region of out of ecliptic plane. Our results will be compared with the data of the Ulysses.

1990 12#TH EIF b7z, KBBEEERELY ¥ — 2 HEEOIMII BT,
ZLOBREMELEHAE L2, CNH0BEEmACHRNSN-REHMEOF I, KiF
TEDS KEBETETRITEINTEL, X—=% - 2740 FERINE FAMNE
WRE>TnE, LWIHRFHAFLTHNA TS '

HEPLWER LIZFA MR, TATFOA FOBELEDPSERENTF A NI
RAVT A7 - uaN=F I VRRICED, oY ERBHMIELAATH,
K HEEIE L 725 A Mid, BiREE (~BKREHEE) CTRELXKRD S, FEICL-
THNEL oz A NTE, KEWRSEDOEENEMT 5, FOHE, YA MNDOH
EHRES, BRYCHBBREEIC 25, COFA MNEEBTHEINDE &, KB
FRroRL)CHESI NG, SAA 278, 95 ICHERINLTA VT —%
BOPEMD ¥ A MUEK (Hiten) BWTH, #IEREETI AL ONEHBEEEL &
YA MBS BRHEIN TS,

SEOFETIE., T, XN—%F - X 57404 FOBEMNLEEN, FEICL-T
ERTRENE ) D ERIRE L7 RICFNLDF A MPSHEEOIMANZROHETH &
DRI RAT R ol FOR LY V- ATHHE SN T 2B L, &E
EHD T A PEIZOWTERT 5,
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Statistical Themodynamics of Powder
g4, WEE— JEXE), FRESL JLREE
Tetsuo Yamamoto, Shin’ichi Shirono
Department of Earth and Planetary Sciences, Hokkaido University
and
Hidetoshi Mandai
Institute of Low Temperature Science, Hokkaido University

Thermodynamic quantities of a grain aggregate are derived from sta-
tistical mechanical consideration. An equation of state is presented that
is analogous to the Mie—Griinesen equation of state.

MBIV EBDETOREDOUIHERICBNT, L1 o 0ES
k& LT, porous iniiE2 boTnWB EEZHNSE. ZDX D73 porous
IR DFRE R Hugoniot 72 & D E#MMEEIT, MBREDEHEROY IR
BECEEROBER2MHATEIOZATORERB LD, Sa—RA—hH—- L
E—FEIBEDEHIHED LIZ, EEEODF SRV EET mb BED/N
SWETH D & RFED 5N TS (Greenberg, Mizutani, and Yamamoto,
1995). BloRVIMEXST VA RO 2 RICKEHIT S, SEIZFEHER
FE% Hugoniot Z:R®ODEHE LT, ETHHNLZBEKOVT, BEEF
WENTHIEITE>TEZEL, BAORNPRBEIRESBERERD .

&% B B grain-grain interaction potential (#ilZ i van der Waals
potential) TG LT LA OESEKRET S, EFIVMEDIREERIL, %
DERV, BLADTLAOEEY, BLxDT V12 i NORETOHRE)
RBEFE DT LRIETE nw, HEPTOT LA L OBBERTINS
A—Fo, BEXMELDT VA i OEBLTRIINF—2KT E;THESN
5. INEDEIT, HEHEARIEIILENST, EFIVMHED AN LR
WY BHIRINF—, AFRIRIF—, EHhERD, REFER (EOS)
ZEN=, oz EOS I3EMATX < 415 17/~ Mie-Griinesen EOS %
R L ZRICB TR EBbho72. BoNZBMEEOS OE, B
KB EDERREICHEAT 2 BOMBERIC DOV TERT 3.

References

J. M. Greenberg, H. Mizutani and T. Yamamoto, Astronomy and Astro-
physics, 295, L35 - L38 (1995)
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Gravitational Instability in a Cool Gas Disk
(I) Numerical Procedure

FARES GUERSEMESR)

Taishi Nakamoto (Univ.of Tsukuba)

A new two-dimensional numerical hydrodynamics code is developed to
study the gravitational instability in a cool gas disk. The code can simulate
the gravitational instability in a cool gas disk with (a) no rotation, (b) rigid
rotation, and (c) linear differential rotation. Especially, the linear differential
rotation code (c) is quite unique. The results of the gravitational instability,
e.g., the excitation of the spiral density wave in a disk, will be investigated
precisely with this code.

HAMBICBI2ECENARLREDERERARD DI, 2 KTO
BEEI—R2ERLEZ, 2O2—RTIE, B-WHTAHBROECES
AEEEZIaAL—RFTBIENTES,

KEEDOERBICHFET 2 RBRERABOZTDOHICHRIND EEZS
NTVEF X NEMBOHCEANLERER. KBOEH, HBOBEEE
51, FEBAORE, O=ZEOBRICKS>THRES, INETOHRIZEL
UL, FRRERHABIIZOEENKBERI D /N INZEMND S
TIRENMEWZDICHDENARLEITZDRT NS LW (Nakamoto &
Nakagawa 1994), LU, ALEEDHERIZOVWTIHFELWI Eldbh-
TWRW, KIFFEORKINZEEL. BRENARLEDEREEZH LN
TBEHIETHD,

BEMEVWNEBOABIZIE., ROXITEBENHD @ (1)RM%0
WCHEWIRZ L TWS, 2)BRERIHBNORBETHIREEICL > Tk E
Do CNODORRZNA LU THEBOBCENALEEZRND=DIZ 2K
gREERWS L &L, TNEEBRLU-HEI— REER L,
MARDERICE L TIX, ()L, (b)AEREER, (c)GEHZEEEED
3ODDHEZEWD, FIZ()DEE MR 2RI WEIEI—RTh 3
A, INZEHNWSE, HBANOIRREEROBEREICDODWTHELL
FARBENTEDEAS,
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Carbon-isotope measurement of meteorites

— Development of a new system

CBARETF. EHEEG. LEHEE (FEX - HMERRE)
Atsuko.S , N.Sugiura , H.Hiyagon
(Dep.of Earth and Planetary Physics : Univ.of Tokyo)

Presence of presolar grains in chondrites had been inferred from the rare
gas isotopic anomalies. Later, they were confirmed by isotopic anomalies of
carbon and nitrogen. Carbon isotopic anomaly will be useful for detecting
new presolar grains by itself. For this purpose, we need a new system for

measuring !3C/!2C ratios for a very small abundance(~nmol). It requires

" "
.

static measurement techniques

H7ZE, BGHicE>M > TWa X4 presolar grains & L ¢TSiC, Diamond, Gra-
phite &% 3, T 5D carbon-rich grains 3, b &b ERFAHAAORMERE
DHEL L TEHEMNSHHINILBDTHEN, BRREL - BRIV T HREAMK
BEZDODIENBEINTVEG, IS, HEBEBEEZOBLTVREDEZLIDNEHA
ZTERICHRT, L0" BEREB" TH32 00, BAZRAMKLEATETRES
55 o fc presolar grain REFMMEOREKL LV RERT 2 E0NAHET
hbsrEEIZONh B,

LHALEBDEZIA, BAYTRMOREILEGUMIZBICFETZID. &L
b M presolar grain WHEALEL TWTH., ZTORNMERE & Bulk flE Cldfd
DREODEBTINMMNOTLEI), £» T, BEFTCHREZRAME Danomaly % B>
J3bicil. BAEE K ADEBTF O MO HLAIETILEND 5, |

ROBMESER Dynanic FREHOVTHL, #EC I umol ORXBNLBETH
o2l TLTAWMETII~nmOlTORIENTI8EL Static AREHFHE TSI LCL
o COFROMBEAELT, ZBPORBETHAB AN X(CO:) 2HAEPCHBE L
TLEIENETOONS, fliicd, RBEAXGFREEFN TV I KFEDEENEH
TERWIEDPERINODOLAHKREN, ChOoDEEBEXHIIBEEWNVKBRSZE
T, ~mmolDRFEFRMAELMENTTREEL T 5,
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The midplane shock heating and the chondrule formation

Kyoko Kitakami (Tokyo. Tech) , Yoshitsugu Nakagawa (U. Kobe)

Shock heating and subsequent cooling in the early solar nebula are widely believed to give
a preferable environment for chondrule formation. We investigate shocks occurred in the
solar nebula in a framework of a local one-dimensional gas dynamics problem in order
to clarify the possibility of chondrule formation through shock processes. We consider
two cases of shocks; nearly steady shock case which occurs at nebular formation phase
and nonsteady shock case which is raised by gas clumps infalling on the disk nebula. In
nonsteady shock case, we found ranges of clump mass and size which can make the disk
temperature rise to the dust evaporation temperature (~ 1500K) and also found corre-

sponding gas heating time.

ITLDIZ
WARFO I YR 2= )it BUfEx R
L. FOHEE LK RADIREYE & %

FEEHMOEEYDOVTIH 7, FETFERIT L
RIEOTAEFERE | BHEEORXEE T L
TRD B, /3T A— %13 clumpy cloud DIAAT

2 STV APFDOREIZ DWW T RMFRD
HTHY ., BIFEE CTHA RRIFSEFZT oI T
Wb, ZNLOPRTRIEFNZHO—DEL
T midplane shock €7 WV ( FUEKEGRZES
DY A b ILBFRBA O ER ORI LI Y. 5
A bW AMI R ST THBIHT B &V D) ET IV
) B b, TOEFIVIHLTIE, TAEF A
N OAREAEFH 2L ET, ¥ A MR A

7o D DGR DS . R OZF DD S4-A5K 0.

LNTV 5, RIS T I D ORIFE L
T, coud "7 4 AV ICHBAETTAHZ LT
BENSL L) clumpy cloud accretion *%
2\ D gas dynamics & BAEITIEC Z &I
Iy, ENCLVOMEREALIEICEREL
B FRELERT A0 cloud DML
[ZDWTRD 72,

B, LUHER

E 2 TV HHRITHRIEF W 27 41 A 712
clumpy cloud (DA H IS T V) 207 T —
HETETESEAL, EVIEFLVTFA4AID

Y Lg & clump surface density Sy Tdh 5o &
SEEREDNLEL N disk DERBELERE * K
LIZRT, BllA» 515515 clumpy cloud (X
FOM) LT HEERICR AL EIIHFT
ETaVR ) a - VIEBRORELEL DL
WE LBz b, Ll HEEL N TV AL
BIZOVWTRAE®EDH Y . SRITEH O
59, EMPowS X, wind & ® interaction
B INELVIMTSLETH ) SHRDOHET
Hhbo

g 5 Fig. 1 REEZRE
S 1o : . et
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Correlation between structure of SiC grains and their IR spectra

MAT-E0, MlESE AR, RARIE QLaERETL) ,
INBTREL GREBER) , BHlER (RITHEX)

C.Kaito, Y.Hatayama, S.Kimura, T.Sakamoto(Ritsumeikan Univ.)
C. Koike(Kyoto Pharmaceutical Univ.), Y.Saito(Kyoto Institute of Technology)

In order to elucidate the correlation between structure of SiC grains and
spectra, various grains were analyzed electron microscopically. It becomes
evident in the present study that the change of the absorption peak took
place by the crystal structure and defects including the particle.

H—RU 27 —TRONS 11.5 £ mfHEDORINIESICTH S b
NTNW3B, — . ERETHE LA FORINUT 11~13 £ mDEI/N
STV, SiC OHEEITEARMICTIVYEE (a —type) & U High
85 (B —type) THBH. COWEICIIIEEITZ L DEBENRDH S, Tx
DEFED SiC R FERERICED, H—RVDRIZE->Ta. BHED
HERBRNEL LI EAROHUEY o BRIMLEIZRHC & » THEEIC
BIL>Td, BADHERMLIza (2 H) BEDKFOFRNBIALE
13.12.6 5L 1.3 umTH-T. Zhizz Y F ¥ v VEETIES
- L lEE L —FER LI, B DHFETEONcaB X
B —SiCHFOBTFHEMBEEIC L ABITHERENS . RIU BBETHH
BRENEZ LGNS EBMINLENENT S Z EEROE Uic, e,
ZENEENET (BEDEN) . BIMLENENT S EE2bHLD
IctE otz UEDZ ELY, MFOHE, REBINRIUIHEST LI L
PS5 720 S E TRME EFNABRNDOBEFRZER UIFliZIEE
AL, NS FHTREETIRBREVERIZE-T %S
DEEZOND, KEXIHuMmBOKFHRTIIERKE. BEENTE
h3E3icith, ThoDRRELEZLMLEND S,

1) C.Kaito, et al., Planet. Space Sci. (1995) ,in print.
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Evaporation Anisotropy of Forsterite
H. Nagahara, K. Ozawa (Geol. Inst., Univ. Tokyo), and
M. Morioka (Radio Isotope Center, Univ. Tokyo)

The surface structure and dependence of evaporation rate on crystallographic
orientation were experimentally studied for synthetic forsterite single crystal. They are
essentailly controlloed by dislocation. The evaporation rate obtained with two techiniques is
largest on (001), followed by (100), and smallest on the (010) plane. Presence of other atoms
than Mg and Si enhaces the evaporation rate.

GYBIUHBEAN MEROA DX AR BT 2 720, BT 2EIC
POHLAPALAGREES 2 AW TERRAOBR L A EBEOK B H DK
FrEERD 72,

HEEREII(100)ETIX, EAROL Y FTHEESII SR, ¥y b H.012300um
BEORXAL IZbIPNTWE, ¥y bOFLLIZIZali FIANIZEWRDEH B, Ev b
B A B EIRE TlXcET A2 100um i, b5 FIC4oumiEETH 5, ERILE
RWIZZDOEY P HHLBIoTWAB, OLO)EIZTL/ER Yy F A bclii A 25
CEVEREEE, mmEE T TEETL A MR afli Iz EWHEEON 2 A
THED T bN 5L, BRI FHERMICETT 5, (001)HE Tidadlh 7112 £ 100umF2E D
CHBIRDANZHAEREPIA R WREREE PR TS TH100pmBEDEF O =
ATHHDITO N, IZIZEEITRIROANZ ATEBbI, ZEELHEILOBZ T
Why, TNHLDEY PRANZAIIEMIZZIDDEEZ N, BNOHFEFEIZE Y E
BRELLBEINTWAEZ Db h oz, INHIET 4, IEGERTHVTE
Z 2 b7z dissolution DEERDFERR LN v F Yy hoR L FEULTWES,

AEEEORRAMLANOEFEE, BROESOR P LEQELOY Yy FBI O
QIOE LD DONZADT AT P IhbRD/z, ERTIIEREEOEHFRO
Hidabic=2.8:1:3.2, EEHEEDORDZDDIIB L #2:1:4Th o720 BEORITE
HHART A7 ADRERFMIGREET A EEZRL TS, EEREOERE
RHEMEEDPORKROI-EF RO RELOER NS, EEITHBEE@ICL 250 Ll
WWEAMBEOERE LTERENS,

EHIZAIRCadMFET L L ANV IDPEL | ZOHBOEENMEEEINSE, ZDT
ERKREBREZIZBWTHYAERETLE, AIRCaSHFE T A LA IR REDS
KEL GBI ERRLTVS,
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Evaluation of solar system abundances for several refractory siderophile and lithophile elements

CHIERT - BIRAK - B0 - BEEE GRA - 5
Mitsuru EBIHARA, Hiromasa OZAKI, Kazunori SHINOTSUKA and Hiroshi HIDAKA
(Department of Chemistry, Faculty of Science, Tokyo Metropolitan University)

We have accurately analyzed Antarctic ordinary chondrites for Re, Os and Ir by radiochemical
neutron activation analysis and for rare earth elements (REE) by inductively coupled plasma mass
spectrometry (ICP-MS). It was found that Re, Os and Ir were fractionated among chondritic
meteorites and that Cl-normalized REE abundance patterns for ordinary chondrites were not
completely smooth. Based on their analytical data, the solar system abundances of Re, Os, Ir and
rare earth elements (REE) are evaluated and newly suggested values for these elements are
presented.

L=h (Re) v FAITA (0s) . £YPTA (Ir) RFLELE (REE) T\
NOMHERM TR ICHEEN .. KEREAREFOREN 25 b PW MR Z o/ & IR
ETIUX, D78 0 EIRTH A5 5B IZ BT DR BETH 5. Re. Os. Iridfgk
RIZHEEND DIzt LT, REEIZERINRBETHETH V. TR ENEEHIZRR S,
A R MRAEFIZBITSD NS DTEDEEE (I HSEEE) X—HTHo.
GEHERTORET AOHMBERMT IO DEEL bNTE Rk, AWETIE, F—F1FV
AV K74 MOINSDOTLEDEFEEE R, BEHMEZA P BEHESHE (Re. Os.
Ir) LHBRHEETIRX<EBANE (REE) ZAWTHEE L kb,

Re. Os, Iri3@MEA D, & UTHEEN CERENDPETEA T ICBTD) 4+ —
TAFV Ay RIA NRIZBIF DERERBILREIN—7 T LIt RMNIc kD, 20
R, OsEIrOMMNEEEIRE DI L — 72BN THCIaY K54 P OEIZFELND O
D. Re/Os, Re/TrDHEHE DIZA—F4FVaLy KI4 b DOEMBCIOMLE Y bR
BICRENZ E¥bhoTe, BREATH S L ORBRELED BLITIIBETEXRVN,
CMRCVREDTN—7THCIRLDTUAEDONDZ s, 2v KA MNEAR
THLPIZAMNELETLTWNDZ L2 RIET 3,

REEZ @Mk « R A D —F 4 FVa v RS54 hEhOZER Lk, ZORE,
THVET AL, BAVITA, YVUTLDCIa Y RS54 MRKBE TREENTN S WERE S
Nlc. iz, Allende(CV3)aY K5 A4 h TR LIREERZ Vs b i, BN
REEIZBNTH Y K5 MEAERTHMEBRELTWRZ LR RRT S, ZhboitR
ZHEIZ, WS OPDOLRICE L TRRDOKGREEE L RE L. WEEIERT 5.
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Three Stones in Mongolian Meteorites Including Ureilite in the Recent Fall
Keizo Yanai (Faculty of Engineering, Iwate University)

Three stones in six Mongolian meteorite collections are identified and
classified as LL, H6 and ureilite. Adzhi-BogdoI, 910g, is LL chondrite with
typical brecciated texture consisting of various fragments of LL3 to LL6, fell in
south-west of Mongolia in Oct. 30, 1949. Tugalin-Bulen was three fall about
10 kg, is very fresh specimen classified as H6 with trace of chondrules. Tugalin
Bulen fell on the plane of Central Gobi in Feb. 13, 1967. Jalnash ureilite is
the most recent fall in Mongolia, almost 1kg as one fall. It fell on the plane
in the westend of Mongolia in Aug. 15, 1990. The specimen is fragile stone
consisting of coarse-graned olivine (Fal9.4) and pigeonite (Fs17.2 Wo7.7) with a
large amount of black-colored carbon material fill in grain boundaries. A lot of
fine-grained Fe-Ni metal occur in black material after reduction. Jalnash ureilite
might be differed from all known ureilites those of their texture, bulk and
mineral compositions.

Er IV AREMEIZZES EROBAGET. BREZGbE)BREHKINLTY
b, ZTOHSBEANEETDHOIRMT. EA. FEBRAZFNENIETH 5. &
DET(1990FE)E L INAEHIZEF LEBARX= 2 KFA4 b DOV AL 54 b TH
B, IFLAEHLN TR, 19494E10H30H REOETESREE oFEIE )
123 T L 7z Adzhi-BogdoI FBA (910g)i%. LLZ A 7O MBI AL FH T, LL3~
LL6RR EEAZNEA T DERAAL TN LRD, D& A4 TDay K54 bRIZ
EERN, 1967TF2HBAE YAV GF R, =V X532 BFOERIZERNLE
Tugalin-BulenfE 1%, 3MESENIE L. BRERITFI10kgTH D28, MEULEFETF LK
EEb b, Tugalin-Bulenj3 &) THE T, 22 K — A nENIED LN HH6
ay RS54 N CTHBD, JalnashfBEAIZ1990FESHISHE I NTAE OV VA A DER
RHETFLEZEDOT, HETERERIINIke: EbNd, AFBIXBRIETEE I AIEY
BEIZATE &N, S E TR ENTWERYE 5z, JalnashlBBAEIZLL A 54 MNZ
SEEN, TELANLVTHE—DZay RS54 b THDH, BEITHE., BIRTAREICH
LENRRTVWA, B FERIZEIRE Nz L& BIL LTy, FER BRIy
BB OIS VREE T a AT, TR ODOMMEEALBOREWENTELT
Wb, REIZEDBITLTELTE B DI BFe-Ni&E Dk F 3R BRI L BIZHED
bhd, ISR, BALOIERIZHEREEREZD . 1T AFalod, HEK
fEFa20-21, #pkr : Fal82-214), ¥ 3 V¥ A (SEHENSS.1Fs17.2Wo7.7. #pkmh

: En74.3-75.8 Fs16.6-17.9W07.3-8.2), FALZM KD 5 B, Si0(39%) L Fe(&@#k: 2
BYDENDONRHEIM . BT Yamato-7412312&] LW bz vy, Eiz. SR
AR 133 TALH-78019k (FALH-78262[ 8 HIZ Bl T W5, L L. FEEHEFEH
k. SEWIRH R & LL#ed B LJalanasha L A F 4 MRS TWAINFD L A
SAMEDERERDLSTHD, 5%, traceelements. 7FH R, [Fhitk. EARIER
Ex2To THL BRI TOILERD S,
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Estimation of eruption condition of lava flows on planets from numerical

simulations of large-scale lava flows.
Hideaki Miyamoto & Sho Sasaki ( Univ. of Tokyo )

The final lava flow morphology is determined by viscosity, yield strength, eruption rate, total mass and
other various factors. So it is difficult to deal with these in a simple model. We made a numerical flow model,
considering non-isothermal laminar Bingham flows. The calculation method is a kind of cellular automata,
and similar to Ishihara’s model ( Ishihara et al., 1990 ). We take self gravity and cooling mechanisms into
account, eliminate the dependence of mesh direction. Different from other previous works, we can calculate

large size lava flows (several hundreds kilo meters).

BEROREVCIE, BELRENG, 20Uk (45
P - yield strength) RPREHEFOWIESLMA: (eruption
rate - eruption temperature) *#E T BRAIIKS
C2ENTEL, BIZIE Hulme i3, EEROIECE
26 yield strength % ZAE D 5 HEERRE TS (
Hulme, 1974 )o LA*L. viscosity % yield strength
ASRVEBEERFEL o Twa Z Lz {ambht:
FETHHIEPPDOT., COFHIIEEE Y
ERLTOWRWAD, BHILE) BT COBRER
CISHT 2 Z LidBE LV, & 512, BB,
viscosity yield strength. eruption rate, eruption
temperature, total mass, TDMIEIFELTHY .,
INOFEVIEBNLZBRERFOZ DS, flx
ITEEROBRMN L E S 13, eruption rate ASHLD
% (Walker, 1973) \ HEOSHEAHD S (Malin,
1980) , WEFDFEE DD B (Griffin, 1976), &
Voltd YT, EDONRTG A~y -tk o THESK
50N, BfLZEFVTIR—RICRITL LWL SR
T3,

Dragoni &, E#DH 2 HE % fh 2 BEHKD
JIER)% €5 ") ¥ 7 %4F 572 ( Dragoni, 1986 )o =
& AT Ishihara i3, R0 5 DK km
RED basaltic flow £ ) FLHHL I BV 32 L—
Yava—F 2% (Ishihara, 1990 )o LAL,
CDET M, BRI TP RDIER SR
HEDHROKINE W) KiEH S B, F72. Huppert
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Tidal Evolution in the Earth-Moon System and Lunar Q
OLEFIEE (FHEM) - KLEmM (EZXXE - KiR)
OMasanao Abe (Institute of Space and Astronautical Science)
Masatsugu Ooe (National Astronomical Observatory, Mizusawa)

Qs of Earth and Moon for various frequencies are recompiled. The figure shows that
frequency dependencies of Q are similar between Earth and Moon.
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LUNAR-A BEFTDAR NMUH - RFTA
Event Trigger System of LUNAR-A Seismometer

%kE . BREgx RINHEE. BF 8 (GHH . LADX (RXE)
H. Mizutani, A. Fujimura, M. Hayakawa, S. Tanaka (ISAS), I. Yamada (Nagoya Univ.)
MUIEZ GRIEXE) . i R (FXE) . #LEE (BoKE) .
J. Koyama (Tohoku Univ.), K. Itoh (Kyoto Univ.), H. Murakami (Kouti Univ.)
FAEE (EIXXAEKR)
H. Araki (NAO, Mizusawa)

The LUNAR-A seismometer adopts an event-trigger system in which we record only the seismic signals having
the wave large enough for analysis. The event-trigger system is required to reduce the consumption power and the
data rate to be transfered to the ground station. Ground motion monitored continuously is judged to be a true

’seismic signal by examining that the short-term average (STA) of the signals becomes larger than the long-term
average (LTA) by a certain threshold value. Once the STA/LTA ratio exceed a threshold level, then seismic signal
including the signal 256 sec before the trigger is transferred to CPU and then after another 256 sec, reexamination
of the signal is made to judge the record length of the signal. The event-trigger system is being successfully tested
at Inuyama Observatory of Nagoya University.

LUNAR-A #EBFHIEEBH DD ET— IV EEXEEZR S TEDHIZ. WHDWB X KNRMYH—FR %
RALTWS, ZNEIHBEEEBFE-TESIRLESE . CPUZOMEREX ¥, WEDGE T
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BN DBENRARER/RALTLENRH -7,
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BA2EIZNERABERNTS, SR, BREOBBMBII 7R omBaghsznEhe6 0. 60
OMBEICTIONEYUTHLZ ENbh b, INSOHERTYFOVERKSF TN, HENAE
ETFENBEENSA/DRBRED. F—INCPUIREGREINDZLIITRB, 51225 6 BRBIZERD
HE. RIEZHEL. SSCREOHINEAENZEBEDN3E 5T, ARV MOAETXEHEL -
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Martian Dust Storm Observation by MIC

©H.Yoshida ¢ N.Nakagawa", T.Mukai ®

1) The Graduate School of Science and Technology, Kobe Univ., Japan
2) Dept. of Earth and Planetary Sci., Kobe Univ., Japan

In 1998 PLANET-B will be launched by ISAS. MIC (Mars Imaging Camera) onboard
PLANET-B is a CCD camera, which has three color filters (red, green, blue), to take various
images on Mars and its satellites. The phenomenon of dust storms is one of our targets
observed by MIC. The best periods of these dust storms during PLANET-B observations are
from October to December in 1999 and from July to September in 2001, because dust storms
frequently occur in these periods rather than in other ones. Moreover, they likely occur in low
latitudes of southern hemisphere on Mars. In this region, MIC can take some images with high
resolutions. In this paper we describe the procedure to estimate the size distribution of dust
particles in the dust storms on Mars.

199 8FIT, FHAFEIEFD L KEEEHEPLANET-BAHTH LIFONAFET
& %o PLANET-BIZi3, WHHEEHHF FACCD # A JMIC(Mars Imaging Camera) A5 &
S, MICIZRED(650nm), GREEN(550nm), BLUE (450nm)D3&D 7 4 Vv ¥ — %42 C
VB,

MICOERBIXTHR D — DI E (Dust Storm)2SH T SN T W 5, WEITKEDKEIEE
CEERBERID), FAMRNTFRRAOEBEBECKE 2EEL52 5,
PLANET-BOZHHIBAMHTIZ1 99 9F 1 0AMLH 1 2AELE 200 1E7ADS 9
RED., BESLCRELRTL, B OFETH D, T2, BRIIHEEROEE
B (F#30° 13:8) THEETAILFGroTH)., oML CRESREDR
EOURETH 5,

AEE, BEETHERD IERE (R, #&. F) THRETHIILICLD., BEROK
FOFAXGAHERBLNEMERICDOWTRRS,
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XRF Spectrometry of NEAs and Asteroid Exploration (V) :
Laboratory Experiments of XRS

Tatsuaki Okada, Satoshi Tanaka, Yu-ichi Iijima, Akio Fujimura, and Hitoshi Mizutani
Div. Planetary Science, Institute of Space and Astronautical Science
Manabu Kato, Tatsuharu Torii, Kazuji Suzuki, and Tadashi Masuda
Dep. Earth and Planetary Sciences, Nagoya Univ.

XRF spectrometer using a large-area GSPC is being developped for future planetary
explorations such as a sample-return mission to Asteroid Nereus(4660). As inferred from the
Apollo missions, XRF spectrometry from a spacecraft will provide us with major elemental
composition (e.g. Mg, Al, Si, Ca, Fe) quantitatively of the planetary surface, which has
importance in determination of bulk chemistry of the planets and in understanding relationship
between surface materials and asteroid taxonomy. We have developped and improved an XRF
spectrometer and a system of analysis through laboratory experiments.
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FHIKNBREDO L -4 -8B ; NKEG6489 (=1991JX) OHBREH R
Radar observation of NEA; A test observation of 6489 (=1991JX)

T PHEBF (FEM) , MUFTL - FHN K GERW)  BESSE (BINRESE) ,
A. M. Nakamura (ISAS), Y. Koyama, M. Yoshikawa (CRL), T. Nishibori (Tokyo Met. Col. Aero. Eng.),
R + (BIXXE) , BHEY- - RBPEA - T/ A (FEH) , 4EEER (BEXE) ,
T. Nakamura (NAO), T. Okada, M. Abe, H. Hirabayashi (ISAS), T. Fuse (Nihon Univ.),
EHRESE -+ EE— -BF & GER®) , k& - -BE = ($HW) ,
T. Iwata, J. Nakajima, M. Sekido (CRL), H. Mizutani, A. Fujiwara (ISAS),
S. J. Ostro, D. K. Yeomans, D. Choate, R. A. Cormier, R. Winkler,
R. F. Jurgens, J. Giorgini, and M. A. Slade (JPL/Caltech)

The first intercontinental radar astronomy experiments were carried out between Goldstone
70-m antenna and antennas in Ukraine and Japan for asteroid 6489(=1991JX). We succeeded in
receiving the echoes with Kashima 34-m antenna.
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Microbes in MIR Station.

J.Koike, M.Kabashima and F.Arisaka (Tokyo Inst. of Technology), T.Saito (Univ.
Tokyo), Y.Kawasaki (Mitsubishi Kasei Inst. of Life Science), K.A.Koike (Ibaraki
Pref. Univ. of Health Sciences), K.Nishimura and H. Taguchi (Chiba Univ.), K.
Shimizu (Nihon Univ, ), K. Kobayashi and T.Kasamatsu (Yokohama National Univ.),
T.Oshima and T.Koshida (Tokyo Univ. of Parmacy and Life Science) and M. Sasada
(Tokyo Broadcasting System)

Abstract: Samples of microbs were harvested from MIR station by Progress M-26 on
Feb. 15, 1995. Microorganisms were isolated from air and wall surface in MIR
station. The population of microorganisms were analysed by agar plate method and

fluorescence microscopy method.
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Microbes in MIR Station
— Direct detection of microorganisms by fluorescence
microscopic method -

Y.Kawasaki(Mitsubishikasei Inst. Life Sci., Inst. Space Astro. Sci.),
T.Ohshima(Tokyo Univ. Pharmacy), J. Koike(Tokyo Inst. Technol.),
K.Kobayashi(Yokohama Natl. univ.), T.Saitoh(Univ. Tokyo),
M.Sasada(Tokyo Broadcasting Sys.), M.Yamashita(Inst. Space Astro. Sci.)

Abstract: Microorgasisms in Mir station trapped on membrane filters
were subjected to direct detection by fluorescence microscopic
techniques. Cells on the filters were made visible by staining with two
fluorescence dyes, one ethidium bromide for nucieic acid, the other
CFDAAM for esterases. Many microorganisms were found in aggregated
states. Vital cell density was less than ten/cm?. This value was smaller
than that of standard ground experimental room.
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Martian Surface Materials: Its Implication for Life on Mars
ORJIFED (KBTI
/IHRFERIE (BHEEKR)
R (RRFEMRAT)

Yoji Ishikawa
Technical Research Institute, Obayashi Corporation
Kensei Kobayashi
Department of Physical Chemistry, Yokohama National University
Takeshi Saito
Institute for Cosmic Ray Research, University of Tokyo

The surface materials of Mars have been investigated through the observation
from Earth and the orbiter, several types of detailed analyses by Viking landers,
and the analyses of SNC meteorites of possible Martian origin. Water and
carbonates are two important features among all the findings from the analyses
by Viking and of SNC meteorite to help understanding whether life mi ght have
originated on Mars. The isotopic ratio of carbon in the carbonates, however, fails
to show its relevance to biological origin. The methods and instrumentation to
reconfirm the existence of water and carbonates and to detect any type of reduced
carbon in Martian surface materials are proposed for the future Mars exobiology
mission.
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