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Sonic Boom Analysis of Meteorite at Hypersonic Speeds in Earth Atmosphere
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The brightness and the color temperature of the Chelyabinsk bolide
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Statistical distribution of the solar system dusts by meteor head echo observations witl
the large-aperture radar
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Laboratory experiment simulating Martian surface observation with submillimeter-wave
polarimetric radiometry
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Scientific importance and possibility of HCN detection in Enceladus plumes by ALMA
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Saturn’s icy moon, Enceladus, exhibits ongoing geological activities, including eruption of water-rich plumes from warm frac-
tures near the south-pole region. These geological activities together with the findings of Na-rich salts in the plumes suggest th
presence of an interior liquid ocean beneath the icy crust. This demonstrates that Enceladus’ plumes provide a unique opport
nity to investigate the chemical composition of oceanic water, possible geochemical reactions, and habitability of the icy moon
However, due to limitations of in-situ measurements of the plumes by the Cassini spacecratft, it is not able to identify or quantify
some key molecules, which could probe physical and chemical conditions of the ocean.

Here we discuss scientific importance and possibility of detection of HCN in the plumes by large ground-based, sub-millimeter
telescope, ALMA. Because HCN is one of the fundamental materials contained in icy planetasimals in the outer solar system, an
because it readily hydrolyzes in warm wateBQ °C), a lack of HCN suggests that Enceladus’ interior would have experienced
relatively high temperatures, i.e., a presence of hydrothermal activity. On the other hand, if HCN were presence in the plumes
this in turn means that Enceladus would have been cold throughout its history. Given the results of thermal evolution model, the
latter case suggests late formation of the Saturnian systeiyr) after CAl formation, which would result in a depletion of
short-lived radiogenic heat source in Enceladus.

To evaluate the possibility to detect HCN in the plumes by ALMA, we first estimate a special distributio®aja$ density
based on results from Cassini’'s observations and plume eruption modeling. Then, we calculate radiactive temperatures of HC
in the field of view of ALMA as a function of HCN concentration. Finally, the upper limit of HCN as a function of observation
time will be obtained. For instance, if HCN were not detected within 4-6 hours of observation time, an upper limit of the HCN
concentration in the plumes becomes 0.2% relative to water, which is comparable to a typical concentration of HCN in comets
Thus, the ALMA telescope is capable of detecting HCN in Enceladus’ plumes within a reasonable observation time, if it were
present in an amount comparable to that of comets. In either case whether HCN were presence or not, we would be able
constrain geochemical reactions and thermal history of Enceladus as well as the timing of formation of Saturnian system.
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Development of SPH: Toward Understanding of Disk-planet Interaction Near the Disk
Inner Edge
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Evolution of a protoplanetary disk and chemical composition of planetesimals
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We investigate physico-chemical evolution of the proto-solar disk at the early stage by developing a new model that combine:
physics and chemistry with special interest to temporal and spatial evolution of the disk. Then, we discuss how the compositiol
of planetesimals varies depending on the time and space for their formation including refractory or volatile rich ones.

The basic of the model is a radial advection-diffusion equation, which includes drift and dispersion by turbulence with stochas-
tic diffusion term calculated by the Monte Carlo method and which shows the diffusivity by the viscosity of the disk. The dif-
ference from conventional disk models is that the present method stands on the Lagrangean differentiation, and it is able to tra
the movement of individ- ual particles.

A considerable amount of materials in the inner regions are transported outward at the early sth@® (yrs), which is
because the surface density is much larger in the inner region at the early stage of the disk evolution. Although the outward flu
is large at the early stage, there comes a larger amount of materials from the outer region even within “10°5 yrs. The mixing rati
of materials from the inner regions to outer regions is almost unity within several AU all through the disk evolution, suggesting
that thermally processed materials and unprocessed materials were mixed in the inner region of the disk. It is important that th
relative abundance of materials from outer regions becomes larger with time, which implies that planetesimals formed within
several AU at the early stage of the disk evolution consists partly of materials initially located at the inner regions and partly from
outer regions, but those formed at the later stage contain more abundant law materials transported from the outer regions.

The mixing ratio of materials from the inner and outer regions is almost unity at the early stage but the fraction of materials
from the outer regions increases with time. Combining the information about the maximum temperature that the particles ex
perienced, we can constrain that early differentiated planetesimals such as the parent body of angrites and planetesimals w
refractory-rich compositions such as CV chondrites were formed at the inner region of the disk in "10"5 yrs. On the other hand
planetesimals for other carbonaceous chondrites or ordinary chondrites that are depleted in sulfur were formed later, possibly
"10°6 yrs.

F—TU— R FARERE, (LA, 2 A - BE)
Keywords: protoplanetary dsik, chemical evolution, dust movement
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Simulating global dust coagulation with grain charging
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!Graduate School of Science and Engineering, Tokyo Institute of Technélogyitute of Low Temperature Science, Hokkaido
University

Growth of dust particles by collisions is the initial step of planet formation. Conventionally, the theory of dust coagulation
in protoplanetary disks assumed electrically neutral dust particles, but in reality dust in the disks is likely to be charged given
that the disks are ionized by cosmic rays and stellar X-rays. In our previous work (Okuzumi 2009; Okuzumi et al. 2011a,b),
we extensively studied the role of grain charging in protoplanetary dust growth, and concluded that dust growth stalls at its early
stage because of the excessively large (negative) charges carried by small dust aggregates. We also predicted that this "cha
barrier” could be overcome (albeit on a very long timescale) if dust in the disks is globally transported by radial drift and turbulent
diffusion.

The purpose of the present work is to demonstrate the breakthrough of the charge barrier in a global setup. In order to do thi
we have developed a new simulation code for global dust coagulation including the effect of grain charging. The new code is
based on a previous code for planetesimal formation (Brauer et al. 2008; Okuzumi et al. 2012) but now calculates charging an
Coulomb repulsion of dust particles at each location in a disk consistently with the particle size distribution at the same location.
To verify the code, we perform some test simulations and compare them with the prediction from our previous theory.

F—T— R XA, v, MBI, FaR R R
Keywords: dust, charging, planet formation, protoplanetary disk
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N-body simulations of Rubble pile Collisions in Tidal flelds
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PR B2 3613 3 7SR E 7L O F | N
An improved fragmentation model on outcome of planetesimal collisions

FEFH YA L s K GEH 2 s INRR i 3 Y FSRT A Bl L
FUJITA, Tomoaki ;: GENDA, Hidenor?* ; KOBAYASHI, Hiroshi® ; TANAKA, Hidekazu* ; ABE, Yutaka

VRRURS: FRAASRIEZERE, 2 SR LERSE HIBRAEARIZET, 3 SRR BEAWTER, 4 JLimE R (IR A A 22T
!Department of Earth and Planetary Science, University of Tokarth-Life Sicence Institute, Tokyo Institute of Technology,
3Department of Physics, Nagoya Universitipstitute of Low Temperature Science, Hokkaido University

RERHORRRIC BT, MERER L X723 MR L R E OB C D DX 5 HEZe2 ¥ TRIKIIK
E9%, LTAN. ZOXS GEBIIIHUIENZEREZENTE D, ThHRBEREZRT ETAMKREZRRICLT
LES, 94505, ZOXD REREDEDEEMIENTSH > e 25 id, MEREONEREZIEL T 5 Lk
THETH S,

TNETIC, BmERTOERDPDIRCE - TLE S & 5 AEN A2 25| E i C 3 HET 3 )VF— Qp* k4 7k
ZMTIHRNBNTHD (Holsapple et al., 2002; Benz & Asphaug, 1999; Leinhardt & Stewart, 20893 JE 1% 7% i U % BRI
BZDX S HHEN S EEOARNEFHINTE, Qp* DETHELIFIHENTWVZ DA, Benz & Asphaug 1999
KX TRHBEENIZEDTH S, HHIFIEFICEDEZEY I 2 L—a V&b Qp* ZHEL TOVBA, 5 DEE
V2 alb—a BB MG IERD TS . Qp* DIEMIUR T B REIEETANT VARV, £z, BobOMEIC K
&L HEIIIOVF—D Qp* KD E/NEWVEK S I L, TO KD HERIIHENZ VD, REDOKEZE X
2 L CHEBETHZENRBEIN, LTAD, ZOX S 5/ NERBGREZEN D KGR Z DR SEHETE2ETVE
TFEL TWIRW,

BIEOWREZ XD IEMICHERRNT 272013, IELWV Qp* DL, /IMREHEZ-CET 5, FZET 3 VF— & ZDFRITTR
Uiz AY 27 ZHBEOBRPREL G2, AFFETIE, BRI 2 L— 3 VIcK D, Qp* DGR ZTIN,
MR ERIC KT % Qp* DA L, /o, MHIREZRICKET 2HEIIIVF—L 1Yz 7 ZHBOMGRIEZE
MeU7z, AWIFETIE, SPHL (HCENAD, WHEHELE) EIFREN AR I— XD AAfeRER T O
2y ab—a Y ERMIICAT o Too 28561 L TIE, 100km 10kmY A XD X —47"y b Kik L kA 75 A DK
ROMWEZEREZ, T, EIEME, RREZHRAICEZ TRR L,

ZOFER. Qp* DIHFRBEIIRIFT % T &b o Tz, THUIEZALOBE RS, 7 (G M OhE i H B L TH
H9 %7 —RICE D, T RIVF—D, Z—7y b RIKOESH T 3)VF— LN IV F— DT 1)V F— il
DRAGERAFIEZFF DT LICHK T 2, TOTXIVF—RdRIE 7.5 X 107 Kz B> L7 & T ATIURY %, Benz
& Asphaug 1999CfibN TV 74 5 X 10 TH D . IELWV Qp* DIEZRDBICIEA T TH BT b ol
AWFETIE, AIREZRIR D @RS T Qp* ZRDI=DIEN. ZTDMHEIFH S DK D EFHE E/NE L T o7z, THUIHER
ERLOHmENCNETEIALONTELRDBIENTH > L ZEKT %, FERITAMIL LS D Qp* DfEZfli->
T. Kobayashi et al. 20125 E NI K O FIRRE O EZ RS > 7c L T, REMITIEE N5 [RinaR R
HEE, ATz HVTEa &0 & ERE ENE ko T,

Ko, IR E L B D TR 2 I BB E 20§ 2 2 1)V F— L EREOMGREZ A —V Y JRlE LT
ERXE LT TORT—Y 2V JANG. 2= v b YA X Qp* THMSL LicEize T x L F—, HIEHETAr—Y V7
TE32lbbholz, UL, BEEAEICIIKETEL, Ba2:08 5N, SEELNTE Qpr EXT—V V%
Kobayashi et al. 01T 25 E NTfETARIC G- 2 T & T A, mfRins 2 E&IE 1 AU T 0.05811BkE &, 5 AU T 0.17
HIERE R, & WO RERDBME BNz,
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iISALE shock physics cod& 7= fEiZe51 5
Numerical modeling of impact phenomena using iISALE shock physics code

SE R I TR Y RIS = R e 2 T 3 BikEH M 2 £l A K SRS R B 6 R I
? 7

KUROSAWA, Kosuké* ; SENSHU, Hirokt ; WADA, Koji ! ; MIKAMI, Takashi? ; HIRATA, Naru® ; KAMATA, Shunichi? ;
ISHIHARA, Yoshiaki* ; GENDA, Hidenor? ; NAKAMURA, Akiko 6 ; TAKATA, Toshiko”

VT RET R SESREMI L > 2 —, 2 JGERY KPR BB TSI, 3 SR OV B o — 2 TR, 4 5
HIMTZEWIIE RS TR AWIIERT, 5 B TR  HUBRA AT, O i Ko7 REEBEEwioeRt, T B a R B
FHECE

'PERC, Chitech?Dept. of CosmoSciences, Hokkaido Uni¥Dept. of Computer Sci. & Eng., The University of Aizu,
4|SAS, JAXA,SELSI, Titech,5Dept. of Earth and Planetary Sciences, Kobe Univer&yyision of Science Education, Miyagi
University of Education

iISALE [impact-SALE (Simplified Arbitrary Lagrangian Eulerian} B2 RHPAFEEI 0 U TABE LT B @24k st
Ha—RThs, FHCKEREMEHICRE LIz T 'Y a3 >, WL0E TN RTRERfEE Y 7 S DSy r—o & LTl
HENTED, TTICEL DRCKOMFEEMENZICH TS, TNETHAOKERZEIRII 227 ¢ TRIZ S
& DOMWEIETH > 72 ANEOSRYIERRE DR Z IO ANTEEGITRZ FRIGESE BT MM TEE T LI KEHFIN
THB, BRABHADKEREII 227 ¢ TH ISALE Z HHNCH A B EREIZ(E 5 72T [ISALE users group in Japan
EWVHTEEZFIB LT, ERXIZERHRTTH RN, Bz E iz wiki R—=V & A=Y VTV X M b BIFT0a,
HETIIA T A NETEOBIZHENT %,

iSALE users group in Japab ™/  FX—
https://www.wakusei.jp/"impact/wiki/iSALE/

Mailing list
isale-users-jp@perc.it-chiba.ac.jp

Eifi3
iISALE DFi¥#E TdH % Gareth Collind® 1, Kai Waunnemanri#1:, Boris Ivanovi#i 1z, Jay Melosh# 1:, Dirk Elbeshausen
HIE#HE L X9,

F—U— B @dEge, BURTRIARTE, IRETT R, 5 £ 7)), iISALE
Keywords: Hypervelocity impacts, Shock physics code, Hydrocode calculation, Equations of state, strength model, iISALE
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KRB S L—2EH AR A F I 7 AORBERFEICRET 21898
Study on fundamental characteristics of penetration dynamics into icy target

b2 I ER T N/
NAMBA, Kazuya'* ; SUZUKI, Kojiro?

LHOUORPE R EBE TR IZERE, 2 SRGUR AR 2GR ik Bl R AR 22 R
!Grad. Sch. Eng., The University of Toky&GSFS, The University of Tokyo

KEDERREICEEHTN—RI T 1 T L, RKIKONEBZERHENT 5 L ZHNE Lie X2 FL—X LIFEN
LUERIE, FTROBRBEREICEOWTHEERKEZRITLEZONS. WEDT VR —IT LR THEERBRIN % <
THEH, KERD ZIC—EITHEOBRADITS LIFWIHETH % 5i/a & TEOIEZ RO, BARICH M BEHENKE L,
BEETI v ¥ a BN UIBIEFE LR, —), BEEZPZ Y a/RIcRE{ESNZIKKRIKICIE, Eamouifkyg &
R 5ERYIDEET 2AREED & <, FRRINEEENSRE LTEETHS. T T, KAEKICEAL, THRCX BTG
REZTFTOIROHE FOY > PV EEENT 2 DKkXER N L—21 OFHEIERICEVENZ S, XX FL—2D
Tl UTld, RENEWES N7z LUNAR-A R ERH B D, KRR N L—RICE% & NASA O CRAF R (Adams et
al., NASA CR-177393, 198D AIC[E 5N, HADX A F 2 7 RICBIT % TR DRV, ZD7z8, KRiFZETIEN
UAT 4w 7 LI HOTERRYIARD HyO RNOE AR 21TV, R EICBI T 20582 T 7e.

FERICIE, AHREDTTET 2N AT 0w 7 LY V2R LTz, FREMARIGILER YR & I EfEZUC K D B A0
ISR E N, ERNTY RS0 L, WS IICERICAS XS REBSNLZ—4 Y MCBZEd 5. Hizemiy
l& 100-300[m/sD CZ L E B 7z, MAMAL LT, SHRRSIMA (SRR, ~Fi% ¢2.45 X 45[mm], Hi& 1.71[g]) & Sl
IRAPFIA (B, % ¢8.4 X 15[mm], i 2.33[g)) 2 L7z, X—7 v Mcld, HlUK (1% 270x175x130[mm] &
i 5.5[kg], %% 0.90[g/cn¥], ZEBRER 3[%)]) & KKz B S B THE > T ARMIEIK (517 155%x120x100[mm] E & 1.5[kg],
#JE 0.75[glen?], ZERRHE 19[%)]), F LD =&ITkG L (114 155x120x70[mm] B & 2.2[kg], %[ 1.7[g/cn?]) Z{#
Uz, BZEOFIENA AE— R AT (7 L—LL— | 2200-8800[fps] #&/EHER 15[us]) Z WV Catgk L, AL
DL LWHEREOEA « 7 L— 2ROk 2B L 7z

HoO JKICTREIADEZE LTz & &, BRERICBONTI—IROA Y o 7 ZEHDFE L%, 2—7y M 5HIIFE
BEACER LY 2y MRAY 2 7 ZEHDRET ST b o7z, O 100[ms]A Licb iz 2 EMBDOE
DT, MEANODEACBT 28I VMIREOR N I— RO LSRN R L ko7, £z, BAIKKOEEEE N
TOKDKER T HEHE NS 128, KiEANOEADBICHET 5 K95 7%, TEMADE D OMEISHDHFI SN TEES NS
BSOS, /Y272 (I UHENTLE S ML DS EDHERTE 2. REMAD 2 —7w b 5ERIc
BEDE L 721 BRI DE 125 TS K A ¥ o 7 ZEHBHIO T2, T O/EANSAREIC N 2 E2EWmam A E v
BiRic o Tmd Ronik. WANOWEEATOBAICBW TS, MERIROAVEAZRDTr—ANEZ L RN,
Z0id, HAI vy 3 VERIKIEHERIRO G NVERICE  flgeERNEmnC eMEZ5NS. HAKBRD 7 L—2TBIR
&, TROBAEGLEO E Y MME, ZORIOEL RIZSEZR—)IVIEK, Z—7"y N OILEIPHICIEED 2 7 5 7
5720, IKANDOHAJEIROEZLIC B % JeTHIZE (e.g. Kato et al., Icarus 113(2) 423-441, 1995., Arakawa, Low Temperature
Science 66 113-121, 2008) & HEAIIC—E L TV 5. BiZeri THAET % 11172 —RotHBE T H 2 FiiliiZeatl (Wada,
JSIAM 16(4) 19-31, 2006)c & © RAEEE - 7zfEH, HyO kDI = AR ATE 12 KE A TED, E2iass ek
FEIWTRE AL L, WikE UCIRZ 58S C EWHEITE 3.

AL, RV E MBS (RERITE (B)N0.25289301YD k2% TirhbNiz. T IEHOEZERT %.

F—T—F KKK, XX =&, J L= NURAT 4w T LY
Keywords: icy object, penetrator, crater, ballistic range
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S OEEE E 7 WO TR R 3 R D FEERAT IS¢ _ _
Experimental study of compaction process of powder bed by centrifuge experiment

KA e 1+ KN E A L Guettler Carsteh; Wikt B+ 1
OMURA, Tomomit* : KIUCHI, Masatd ;: GUETTLER, Carsteh: NAKAMURA, Akiko !

LA R 2R ZEREF 258, 2Max-Planck-Institute for Solar System Research
!Graduate School of Science, Kobe Universitylax-Planck-Institute for Solar System Research

B DOERIC BN TIE, BWERFOE ), DA AKX BET]. BEENCK > TEREENZ(ET % (Kataoka et al.,
2013) /NRER EDOHERMERICBVTE, HERDOIENPHCENCK > TT TS IVRER L TV R JEOZERHE
WX ENB EEZ BN,

th ECHRIAZERE DD 58 & EDERB LR EROBFRIE. ROXSICEINS (Yu et al., 2003; Kiuchi and
Nakamura, 2014)

p=po+(1-p)exp{-mRr~"} (1)

T T Rp XN rNICE  BE ) R B E DT, R PRROBMTH S, po. m. nIZEET, po 1M1
MAIFIE LW EDZERETH 5,

D) RXPEZZEI T TERD IO E I DRIHEIDEN TRV, Fiz, (1) RNEEMHR FOZEFRRICDOWVTDE D
T, RIKRERIC E DREEEH ATREMNME D> TRV, 7ab B, T TICHEE > TV AR T OZERRRLH L < Wi rhHk%
DFEEATLICED EDXSICEILT ZEDHh> TV, RIC Q) XD T TICHEE > TV AR FICEBEHATES LT
NE, MFZEHNEREL LTV T E TRy Z/NEL Lt EDZERRE 1) XH SELNEHEIC—HTELEZLN
%o T CAMIE TR, ENINEERZLEEERZITV. TORELE 1) ROLEZTTS,

FERGEURNC I 2R D 60 Wb i T-IEE 7.5-80um ORI T 5x 50 L. 2AD 60 % 1-8 um DKL 7h 5755 7 5 A
Tyvyazrfnt, TNHEERS.8cm HE 3emD ST AFy FHIHEE RIS D WVAN, 1y THhEIRARTRE
HZKFCT oY D, ZNFTNZERLEIBEZ 60 %, 70 % Lz D% AWz, HUEOEERE S VT 1-18 GO
BgE S 2, ZFOROEHOM T Z2EEBICH O I T AT THE LUz, —AmbhbER N THEMT 25810
MBENCHO MHT U S, @Oz 256, BaNIChN 12 —kRICT 22 LM TES W0 Rl
W& % (Mizuno et al., 1991) #fEE /)2 HIN L 7eic & d S 2 bz IE U, F25Rai1e COZERBROL L2 \T, £
[ & ORE I L—Y—EEG 2 v iz,

EEROFERZERRLIL, HAOR FEENZTNTNEB O OTIUETH % 24 um(ED)., 4.5um(7 547 v 1) TH
BEMCELEGAED (1) X&E., ZRFNZEEE 6 %N, 5%ANT L, B KZEFEIRNT EDh -5
Teo WICHHET % L. TORFERE 24um &5 DI, R ORKE LR DRE DITHE L TWE/NEIZRORE SIS
(AN

F—T— R PR, NRE, 2E5R, mE ), Frkiik
Keywords: planetesimal, asteroid, porosity, high gravity, powder and granular material
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7J<f’ TRR 2R L TOK « IHEEYINCHS B 7 L— X —JE R

High velocity impact cratering experlments on ice-sand mixture simulating the surface of
icy satellites

%ﬁ ﬁijj‘( Le JIL“I BULL' L. {%# P VAR 2
TAKANO, Shotail* ARAKAWA Masahiko! ; YASUI, Minami?

LR RS AR EBEER AR TR, 2 P K2 F AR AR et il S T2 e ER
LGraduate School of Science, Kobe Universt@rganization of Advanced Science and Technology, Kobe University

FUOIC KR, NEFT., NKET L ADOHHRE EIKkEEORTOREGMNEEZESONTED, R/
B L AL, NASA O/NEEEEER Dawnh 2015FICEZE L TN b NS FETHS. DT LRI, /INRERFD
AA R CHBDT, TOKHGTRICIE, HRLEXATONKENERL T L —R2—%ES. HEI 1L —Z—0DY
A ZRIRE, EZLYERHR O, & 5ICHEZSHE R ONEMEEIC X D K2 B kT 5. 2T, ¥ L AN
DY L—2—ZHETBH LI, HELU/NREOHEEYZOME, £k, 7 L AMBROSEAOEHERLWNEEG
&Emﬁﬁéﬁﬁ%ﬁézaﬁf%% COX D HMHEZRET 5I1C1E, BENEBRTORDEEHNLETHS. I7%

IKRK - BERTIREY), X 5IKENIBEEZ R ORMICIER I NS 7 L—2—DRMEHSMIT 08D
5 MKT TIN5 ORI E YA OFEIC K D ED X 5 KRR Z T 2 il AR BN H 5.

INETY L—2—EREhHRICET % RMIN7EFERIE FICHUKEEN TOHTON T E /2. FOKICEL Ti& 0.1km/sh 5
7km/sE TDILWHEIF T, BREEOMHALZ Wz L—2—EREENM TN TV, LM LEDD, K- SOhHES
RN U TR B NI F T UAVERIZITDN TE TR, FHONRERICHIT B4 L ADKHFRAN\DEZE % %
Z % LI5S akm/sLl b T O gl Ze IR e BT 2B D B, ZTOFNI DRV, F T TAZE T 1km/s7zitd
A % EHRER T, JEWEE &R 2 R O BEEE OMALZ W TOK « SAkHREEYERRIAD 7 L— 2 — Bk 52k
Eiiofz. TUT, 7L—2—BIRR T L—Z—IEABIRIHOK E LR T ED K SIS 2D EHFHNS T i Lz,

FBRTIE L IR 2013 SR L KB LIRS TP R D ZBREUKEAT AFiZ2 VT o 1o 7 L AR 72 Kl
L7oK « SR FEERIEARNE . R 500u m D il & K2 B F Lk 80~83wtnll 72 % X S ICIRE THEf L7z, ZDIREY
ZELE 15cm. @& E 5~10emDHFER BRI AL, -23H 5-15 COMHETH S TER LUz, situcid, B 2mm
DTIVIER, VIVaAZTER, FRUBREHW. TNTNO®EEE, 2.7g/cm3 5g/cm3 5.7g/cm3,TH 5. Th 5 DAL
A O RIS U THE 1.6~5.1km/sTHS Uiz, EEEENE, B2UERNIcEZzEF v N —AICERiE L, HZE
I EZITVE EWEAT 5. FERREDF v > /N—NDJESJ1E 200~230PaD N TH %, 7 L—X—TEHGEFEIZ A A —
VAUN—RZ—N AT KD SusHHIC 18 nliRss LTz, T OMGEEGN 5, BZERDA Y 1 7 2R Z DR EE 7 i
NTHOKE DL ZRTTo 7z, EERIE, BRI Nz L—2—DIkE / F R K D EHIIL 2,

FERFER - SR DOFERN 5K - EEM?&Emnﬁﬂf&iff@knﬁﬂc‘:th\f Spallation’’, E D5k, HEICHBWTEEE
W ehbholz, T SpallcBid 2585, HRIERLOMERIEN « AR RENE S MOKR & 1385k
%o 7L —2—ERIHEETXIVF—DE CHAE. K - EEM?( mdﬂmiffwknitﬂ@frﬁ# Yt ehbholz,
Hiraoka et al (2004)Ci%, K « SAEAYIOEAGERELEZTND, ZEF—EDOHALLR)VF—T7 L—2—EKER
Eiiole. TOEZERE L AL DORBHER L KL, 7&—&—@@&5%%@%3@&& LIZd 5. #iH, Hiraoka
TZEDMT o TORVEWEER 8OWWD T — XX, 5 DEAR 50%DT—X LIFIF—HL, 50 % F TOHE M
W, 80Wt%E TIIih i N T L ZHEMIC Uiz, ZDHHE, 80~100WtWD TEIMIC 7 L— X —hVNE KB T EH T
MEIND, Thid. 0~80WtWC I TIIIKDFREEZ S LT % DI LT 80~100Wt% Tl 41 H B DS il 7 S fid g
X9 HmBEN5IEEEZEND, £z, Housen and Holsapple (201DIERE Nz 7 L— & — X7 — VA7 LN TK -
AR TRARENCHT 20T/ ST A= —1r & 1y OBMRZRDTZ, 80wtV £ R TRkt DENE | -5k D sRE Xl
EINTOVERVDT, 30WWDIEAYIEIROMEDEZ V. TOWE, ng & my OBRIIKDESE & KE < t;o
1zo % T T 8OWWH R TR AR OME %, #Z1E 100MPalic LT, HERGRZE RS THD EHUKOMZREIFIE
T5E5ICkEo. ELINDELNET S & 80wWtUD kiR AR OENNF | 55 D 3R IZFOK DR D 61ﬁ;&<
KRBT ERbhoT,

F—T— ROKEEE, K - IIRAY, 6527 L— 2 —, @ Ese s

Keywords: icy satellites, ice-sand mixture, impact crater, high velocity impact experiments
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W7 st 9 2 2 }ﬁJij DJREAFLIC BT 2 FLRIYDTE

Experimental study on the decay process of impact-induced stress propagating throug
granular materials

FL:% —E Le JIL“I BULL' L. {%# P VAR 2
MATSUE, Kazumé* ARAKAWA Masahiko! ; YASUI, Minami?

LR RS R EBEER AR, 2 P K2 F AR AR et il S T2 e B
LGraduate School of Science, Kobe Universt@rganization of Advanced Science and Technology, Kobe University

W UHIC  BZEHRIIEREEKIC BN TREEELRYELEED—DTH D, KERNDBEARIKICIZZ DL E U Tl
287 L—R—EFET B, TR L—Z2—0Y A Xk, HZEREOY A X - Pk - H2e5ett, U RIKEEO
FHERPIMEIC K DL T %, (> T, 7 L—Z—DifEED SEZERAEDYIMELE I T 2 IHHRMEE NS, km Y
A REBAZB 7 L—F—TlX, ZOEMRBREIENCEOZEHINTHE EEDNTED, ZO2dHhik~ND 7 L—
X—TERFERING ETICE TN TW5. ZO/HE, BRI TEMBADEICK > Ty L—2—Y A1 XAWEE 5
TEMHENTVS. —), ROIOREEETRMNINKEORTE LIV ABTEDODN TSI b TER. &
RSNE 2 O/NVEHERIIE 7L E (SCD I K B0 X 5 BREHO/NS EM/NEDO L TV AJAD T L— 2 —TERGHE
YR BITE, RHAOYIEN 7 L — R —EREERIC ED X S ITHER X TSN RRIAT 208 H 5. K
WCHETZEIRIC BN TIE 7 L—Z2—DHHGRN 7 L— 2 —T A XD LYFLEIE L ZZ 5N TWS DT, Mkifkow)
& IRHROBRZHS NS T 208N H 5. Z 2 TAWIETIE, EHZERFOHHIRORN Mz ek d 5728, Frhifkd
TARIEST 2010 ZRHNS 2 2 &ic Uiz, Z LT, TOIRITEDOERE - WED, 7 L—2—Y 14 XMmhilkoytt & £
DX EBRICHEZMEFNSL Lic L.

FERIT L 7 L— 2 — IR DG 12 JIE T & % X 5 ICERIASR 2 e i L7z, 34, K& A% 10cmx 10cmx 10cm
D7 IV IET, MRADEHRZE 1-10cme Z{b Wiz, FHINCHAWZIEIEHE, S5 R 20kPa [EE KBNS 2kHz D
BF—VRE YT, ORI —2EZENAE FOEMICHD 7z, FERIEABE T « A KA2ORER—BEE A A
FBEHWTITo e, FNEFNFHERTIE, ISHIEIRE 7 L— & —Y o ZOHFY A A7 « EZOEE A2 ATz
ISR D RENIKEE R TIFo 72y, M O A ZAGENCER Y 72 5 /a0 K S ISR E ARG 2 vz, FErEENC i
FIRRLE MR E AR % 4 FHEOMBZHER Lz, ZhblE, A A=A HEMTHD, ZTNZFhRifE 100,500m
TEECH Wz, ALK BB FOFEERTIEAH T ABR (B 7.75,10, 156mm) A AFHOFEERIEF A « 7))V IF (B
3mm) 7z AV e, 28 E & R T 2-5.5m/s HABTIE 60-70m/sk 2L E ¥ /e, ZTNZENOHEIRFBRICHNT,
I L—2—Y A XL B2 LTz,

R D 7 L—2—Y A X LG EB T 3 )L — DO BRISEENOFREIC K D x5 T &b o iz, R, 100um Of
PR TIE, RIS NE R L—Z— U TEARD 5Tz TOMMZEIND 2D RO MZ Xz, Al FE
BRIC X BEIBIE, 2EUCEIDEML, SRENCELURRICEDT EH, HI AL —XTREeMImD L. Ak
WOLEEIT T Lz, FHC, 100um A TIEEIRIOEGIREIN R 5N, Z DT OFEREAY 0.5mskL
TTHBTemRBLTN5.

MR DFENC X 2 EHIIER, ARDOGEIZEHEE FOLE LIZER CIIETH 12D, HI AL —XDGEE
DEZCE > TIRENRE > 7o, FEDFEVEAIZ (5-10cm) HEE FOBA L [H UIRER, #< %% & (-5em) 45
WO ORRICEEIRE 2/ RTIIE kot £, HENAELAS LIXRTORFICIEFOEGREN RSNz,
NS DFENEIEZ RRFEINCE L TLUEP(1)-P(co)=Aexp(/7) (r : $EFIFFRT,A @ &) LIREBEIEICHET % L IE
U CHERIBS R 2 sRD Tz, ZOFER, 71 3H T AE—X TR 103s, AHEMTIZ 10 4s &40, 7 3POMEEEICZ(Ld %
HTHBT Dbl £ie, EHPLGEEErOBFRIIRD XS G TET T ENTES : PO)=Py(riL) P (P, : ¥
HIFEAEIET,L - SRR b =T A 2., JREFRbIE, BHEE FTORBR T, -0.7907F A8 —X), -0.94( kD), 7i
ARDOFEERTIE, -1.61(H T AL —2X), -1.71(HH) &% D EZSHEIC X > THEEORERN R 55 L ix o 7z,

FIHHE FORRICE T 27 L—R—Y A XEES dem TRl U T KIE S POBGRE FINS L b ffHmIic K& <
BNRE 5 2 ehbhh otz —7, TOEIIEZ ORMIEE r ORI BHEH U2 iHE & OBIfRZ#R% &, o
WKEST—DDEMTT 4 v T 4 VT T B ENTE. TR, BHNER 7 N7 L— 2 —JERR Otz 7 %
TYHEBETHZ T EERELTWVS. 5%, COEMBRAMOEDL S MM EEFRL, YFREIC X D ZT S
DRIz,

F—TU— R HaHR, Bk, 7 L— 2 —JE ok
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K - SOMERE OWZRIRIC BT 2 FERIIIEZE & [ A ARADOEZERIEIC T

B2 FE DR E . . .

Effects of impact angles on the impact strength of icy and rocky planetesimals for the
collision among equal size bodies

AR B SR BUZ L R TR dr 2
KOMOTO, Yasunari ; ARAKAWA, Masahiko! ; YASUI, Minami?*

VIR KRR EBEEP AR, 2 phE R FAARL AR St Al & L BR B AR
IGraduate School of Science, Kobe Universt@rganization of Advanced Science and Technology, Kobe University

B UBHIC 1 INFTHE HEREICE T 2SN TO N T E 2D, TDIE LA ERHILEAFZNDEEAD K
ERHLDOREMO THo e, RKOWEIRIERE L, BEXICEARBTARIVF—5E (HALOMEE)T )L F— AL &Y
DHEFE) TRIZENTEEZDT, HALDREITLENTNE WG, —RICIZIFFEIC RO E T < TR EZe i3 s
Lz, —J5, MEREOYMERIEMTIX, ZOMNEIEHERE I0mBEE TH > EEIALNTVADT, TOXD
IARGHE CREZEMIRIIIZ LA ERI DRV LIRS, LA LEDD, HIIEEER T, MEEMICKEETAX
FEDEVIREETHRENREEIZEEASNTWADT, [V A XH2E TOEIENIEBENELE L 755, KHCFHY 1 XMHZe
Tld, EZEBIEIC R E R REISHE 2RO B ENTES. HICE AR, TORMEHEELITTOHETIE, #iL-H
BRI K S SRR OIS 50/, BEEEZHER S % ECIFRICHEREEL VA, NETE
B0 EOE T2 - ToiilL « BRIR T OFERRIRZ RV REEHNCHME L T T E 2R, Y A Xl2E Tl
ZEMg D 2 — VAT B < AW 5N % BRI O s AR BRE S PE DR D L DD LW, 18- T, FY A X
bbbz O 7289 K 0, REROEZEIERIE 2 RO 2 080 H 5. AT, K, 68, A7AC-XREA
Bz HOTRY A ik 2 Horclizeddiztro> 7. TNEOREHE, KRR, aY F I MEARRKOHEREZ
BHEL TV 5. E5Ic, EmEZEIZT Tk BRI 9 2 MZef R & 7z

FERIGiE K AT AC—XREAE. TUTHEZHVTERE 25mm & 30mmOKIEERZER L. ThTho
RN AR 2 TR LA C EIC K DR UTe. MiZeBRiciy, TOMEICS U T 3FEHOKEZH W, ZN5iE, N
it (EOEEAD, HEUA R OKAD, BUARGT (BN THa. &k, WmZEdEid 47160m/sk Lic, X7z, H%e
RZHAROHLNET 59 T LICK O RIDEZEEEREIT o7z, TOROMEIR 0 (EHEZS) »5 80" (KX 1ugEn
2% L L7, FBRORTFIEHETF I AZTEML, RBBOWmZR I N TRINL CEE M MzetlilLe. &
5, MR T A L THEETE AW 2 TA2RRIRAET S T LIckD, HE - lAEE R EHNT

FER T YA RRHEZE D B O T3V F—HEE, HEHRZHWICROEIH TIVF—ICIDERT S LIl
7o, TOHELRTOEIT LT —%2 W ic T3V F—#E 7% AV TEZEBIEMRE Qv K % LK, AHEER T, 8
BRI 1050, FAR A 2HZERMTESNIE L ZIER Uz R Ue. —7, E—XAD AEHRTIEE RS 10520 F
DEFFRE D /NEWNEE > Te, TS, MR E Y A X5RHEZE Tl RFE B D 7 DEZE L Id R E < 5Lk
ZholceEong. ROHEETIE, AEDPREIADICONTRAMFIEINE L G>ThoT., T T, HEHIESHED
ERRTIR O ER G 72 2 o Te TRV F—EEZ VT T — 2 28T 2 LIZIETRTOT—XIE, ThThoaik
T—DDEMICHES T LD oTe. Ko, FHUIU BT EED SRR 2 A o 7o, ZORSR, KMRERE
£ 20km & O REBRAG SIS EHERL, Hla Y FI A FRERAZ I UM IREE 5.2km & D KEZK
RELIEFHEMT S eMbol. ZLT, OV R a—bz2B& 50 EALEE OHEREXERE 6.7km& Hh KEFNIE
HERT S Do T,

F—U— R HERE, ROmZE, EIEURmE, T3V —0id, AR

Keywords: Planetesimals, Oblique impact, Impact strength, Energy partition, Re-accretion
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ZAUEYE OB R EER | KRR RARDE L HANDINH _
Dynamic compaction experiments of porous materials: Implications for impact com-
paction of pre-planetesimals

R B o B ATTE 2 AR TER 2 I BUE 3
YASUI, Minami'* ; YOKOTA, Mizuki? ; SAKAMOTO, Kan& ; ARAKAWA, Masahiko®

LR K BB AR A S ISR ER, 2t RS2 AR R E B AR, 3 i R EB A Ze Rt BR e R Rl A e
!Organization of Advanced Science and Technology, Kobe Univef$igculty of Science, Kobe Universit§Graduate School
of Science, Kobe University

F I HERBEEAGEIRICB VT, cm YA X5 km ¥ A X (HEREFEKRA L FES) NDOREA A=A LG, 2D
DOFMEEEN TV S, 1D, FEEICTHE. BHELIEXA ST U7 A FIEHCENCE > THR - Ui L., MR
2T 5 LA LB NARLED,. €5 1D, BREERZROBELTEALNT TV T A FhOMEENENET S L
A TCERZEGRIENRTH S, AHETIE, EERGHRREFICERT %, TOTIE, MR AR LAV 2E% 1%
DIRY T ETHIHERD LR U, T OROEIETIFEPCHIUIRINET O GHRKEMIEEIND LWV 5 HERDND 5.
Z T, 2RI K - TS 2 MR AR A DRIE L2 NI DDA (2013 455 TH 5. AT EZER
DHFICAT Y L AMEZ Hiliig T &8 2\ RERZITV. 2R OIS T) & EFE . R OKRE E Ok
ZIASMC Uiz, UL, JARDWMZE TIEZEHED 0.7~3.5m/s & TR i 5K AR D FL i)/ N X W i 2 s i ©
FEZIT>TW5B, £ T TAMRTIE, BERERBERIADER X A =X L, HZIG) ERIZHN% 728, 5m/sLA
O EHEPA T D ZALUEYI A O IR 21T o T2,

FERT RENCIE, SR X OOKMERERTR AR Z B LT 8—F 14 b B Vi, FOYHAZERRIE 70, 80%,
IN—F A S OYIHAE L 85kgin? TH 2, FOMEZEREBIIILKMRMOMIEZE (-(10°C), NN—F 1 FDOFEERII A KT
10, B — B A X $ N O R — B A7z i U7z BOERBIHABROHZMH Uiz, 7 7V LRENICH
RZERNICHERE U TIER L 7KK+ (40~200um), K 72idiflid/ S—Z 1 MR (2.2~3.4mm) ZHE 12emicz3 &5
AN, 2em R CRE U TOKR £ 7213 8—F 1 M TERZ 5 EIED . RIS BMEA L Z2BIgiiks K Hic Lz,
CTO7Z7VIVENOENO FICEA N U ZRRE L, #TER N U 2IE S8 TR Z S Uz, fittud, SR%TR
B 25mmOsHER— L2 IV, HEREE T ERE 30mmO MY RZ O (i 725tk R— )Lz flviz, X R,
£ 30mm, & E 10~30mmaDRY AA—FKRxA b, TV, KU T EZ—)VIEEEHWT, EXA MK BEEDENZ
FARTz HALOEZHEE X 2~118MISTH %, BEOMFIIEEE L T4 H AT TR U, #d £ 1% 6000~10000fps
R 20~100us & LTz,

FERRGHR C £9°. EX MU OIEED SRD DI 0, & TRVF—DRGEADNSRDZARTNEEY ZLEi L
Teo ZTOME, 0, EYIBNRN—=F A, FH, fRC 101 DBRICHZ T DDA o T,

RIT, BRI DGR pp RIRD YR RD, pp ZRDZBETIVAEIRE LTz /3—T A MMk 7O
KB K o TEEDHEITT %, MBZEC K D BHEI Nz R AmziEdha & lHB) T 3V F—E, TLlg U 7zhs R,
HE T3V F—EHHEND D Am=10"3E,%* LW I RGO NIz, Tz, W L7z DRBHED S—F 1 MR T
DA Z b B L AGE U CTIEERIZOENE R TR 2V & BTV pr=p/(1-Amim;) (p; © BEHNOEGHIA
£, m,  HENER) BMESNT, £RCoETIVAEERMEE XKL,

—Ji. BOWE. IR FRIOBRIAVNE 722 T &I K> THEEMNETT 5, TDT D, 73—F A MAKKEEFTZD
BNERRFXZHCT, ET VR pr=ml(Lo-AL)S (Lo BEROFIIIEE . S ENOERER. AL @ BNO RO
EXZm) Mioniz, TTT. ALREZL)] & EREORGRD 515 5 NI TR R n Z 0T AL=E /Ay, S
(v, GERA N VEE, AZER) &74%, 2O D, FOTVERMFEITHEIRICK > TRED, FEE & X<~
®L iz,

RARIC, BRI Ll ORAERRIE ppy LIRS o) OBIREHRNTZ, ZORER, R—F 4 M T pr1=3.00,08(kPa). &
Tl pp1=1275,03(kPa) &\ 5 BARMG B NTze LA LEIR, 0, > 100kPATE% & ppy ICIEXEDENRENS, THUI,
AN Z R LDEOHEFEEEEZZ 5N%, 100kPall R TIEEOFHAZRER THE X /1 = X L2 L LS, 100kPa
DL EDOBE, WIHZERRER 70%C I E B ORI X B EEMEEC O, YIIHZEERE 80% T I EiZ2EZic LEiih R
FCHERL, ZO% FNEHBHRR & HCFRFICEEREI NS T b o Tz, — 17, 78—F A MIETOISSIHIPH T
JEENC 5TV, T—Z2OR5EDETRIFZLAERLNENS T,

F—T— F: KRR, BITEE, B29920R, Rarm e, A RN, FERTRG T FREL
Keywords: pre-planetesimal, dynamic compaction, impact experiment, final density, Kinoshita strength, compression viscosity
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RIPED IDIIRDEBMBERIC 5 2 2 5B O FERERE :
Effect of particle size distribution on thermal conductivity of powdered materials

WA R s /NI R 2 ARH BRAECS ;S 1] BOZ 45 rh R 2
SAKATANI, Naoya'* ; OGAWA, Kazunort ; HONDA, Rie’ ; ARAKAWA, Masahiko' ; TANAKA, Satosh?

RRBWIITIERERE, 2 THREANIILHT, ® @AIRE, + e R
1The Graduate University for Advanced Studigsstitute of Space and Astronautical Scient€pchi University,*Kobe Uni-
versity

AEEL IV XD K 5 ik OBdmE A 1 = A LEHRT % T Lid, BEOBEL EBHEDBIREEZHEES 5 LT
HETH S, MEYEHOBMRERIINZEZLZDNMA, R, [EHIC175 ERL R8T A—2IKAF L. TOREICK >
T AU EZET Z2EDTH B, ERWEIIZENDIRNTD, BUEL A Z X LOMRIIA T TH D, EEEO KA
L TOMARBMLERZHINT S L IEHETH S,

AWFEDHINE, BMEERDINT A — 2 A7 DR RIHEIC K > T, BE AN A L2 BRI 2L TH 5, %
NI &> TARERZET IV L, KK FEOBMBERAEEICISHT %, TN E TOMMADOBRERIC BT B FERIHTFSE
D% &, RO ToiRY > IV ERWIEEDTH -7z, LML, ALY X um ¥4 A5 mmy A1 XETD
K FOIREMTH %, Tz, T2 FI A4 MEADREREDHEERK X, S )Y 7 AT A XAy R a—)bY A4 XD
K FOIREMIE L EZ BN, TODX S TR %F > T WMADBBERICE T 27513, CNFE T FHloH LY
N Tz (Woodside and Messmer, 1961; Huetter et al., 200838 & Tld. HZZ NI B THMADBYRE SR T 5=
BRzITV, RO A U RS %,

WYy TV HSAE—=XTH O, kifk 100um & 200 um DREMTH %, MUY > T IVIZ L SHETSH
D, TNETNORZROEREALE 1.0, 2:1, 11, 1:2, 0:ICH %, TNZTNDOY > T IVDZERHIZ 0.38, 0.35, 0.32, 0.35,
0.38TH-7z. TNEDY VT IVDOEAEHIL line heat source: THIE L 7z,

EEROFER, H—RIRY > 7 IVO%E, 100pum & 200pum DH T AL — XOBRERIZZNZ 1 0.0023 W/mKE 0.0035
W/ImMK TH o7z TORMBEROMINE, FICERN O GOMEMMEKNTH S, —/. NMEZESYCOVWTIE, BE
f2:1, 1:1, 1:209 > )V OBMRER T Z N F 1 0.0039, 0.0029, 0.0039 WIMK'H b . KiBIE Y DOELERIZ 2[R
ERWVHBEZR > T\ iz, o, HIIE T NIZEBMEER LIEGEOMICITEREFRIE RS NT, M FROZ(LZ/RT T &
DS MTE 5 Tz,

WE U BRI, R R OBzl 7238 - 72 MRS D F 5 T 5 [EAMAER &R 7R O BRSO3 5 THh 5 1E
HEEROMTRENS, AR THEOSNIATRIE, ERRER EEIHEEROR M LIS K R OFEIC XK >
THPINBZ LEZBNS, LED> T, FRIEROMIRDIHITIE, HIE S NIl FAEER L lE s R o) i
T2R0END S, TN, FEHFEEROROREMREEZRH LU, BVMREROMREKFEZHHET S5 LI K> Thlhe
Lix % (A, 2013) AFER TR, FiF8Y > 7 U UTEMBEROIBERIFEORTEHERE S T, B RER
CHREHAEER ORI BRI IRIZIEIC DOV T O RERET 5,
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Wt o A — XOBLIER & SR OUEFER L
Measurement experiments of thermal conductivity and sound velocity in sintered glas:
beads

FREH B2 L NI RO Y IR R 2 TR BUE 3 IR TR 3
TSUDA, Shokd ; OGAWA, Kazunort* ; SAKATANI, Naoya? ; ARAKAWA, Masahika® ; YASUI, Minami?

VHRURAE, 2 BB IIER BR3P K7
1The University of Tokyo2The Graduate University for Advanced Studig&§pbe University

The thermal conductivity and sound velocity of sintered particle materials (glass beads) were experimentally measured, an
a correlation between them was investigated. Particles have often played important roles in the solar system history. Especial
dust particles condensed in the early solar nebula formed planetesimals, and they remained as the main structure material of t
bodies. The particles were then gradually sintered as temperature increased by disintegrations of radioactive isotopes. Finally
part of planetesimals might be completely sintered and began to melt. Currently the sintered materials may also exist on the lun:
and asteroid subsurface for example. Mechanical and thermal properties of such sintered materials are essential information f
investigating the history of these bodies.

In the thermal issues, particles are known as a strong thermal insulator in vacuum. Although the thermal conductivity of
sintered materials has never been measured, itis considered to be a value between the unsintered and a continuous rock, depen
on degree of the sintering process. Concerning the sound velocity, characteristic feature depending on the sintering degree
expected to be similar to the thermal conductivity, because basically the phonon conduction is a common mechanism for bot
the thermal and sound phenomena in electrical insulation materials.

In this presentation, we report results of the first experiments of the thermal conductivity and sound velocity measurements i
sintered particle materials. For measurement samples, 9 different blocks of sintered soda-lime glass beads were prepared: th
bead diameters of 180-255, 355-500, and 710-1@80and three degrees of sintering that have nearly the same porosity 40%.
The cross section of sintering contact sites (neck) was evaluated for each sample. The thermal conductivity was measured by t
line heat source method by a line heater and temperature sensors given in the sample in advance. The sound velocity was direc
measured by a transmitter and receiver put at both ends of the block samples.

As results of the experiments, both the thermal conductivity and the sound velocity had an apparent correlation with each othe
and with degree of sintering. They appeared almost in proportion to the neck diameter, which feature obviously indicates that thi
neck or contact size controls the bulk thermal and sound conductions, in weakly-sintered particle systems at least. These resu
can be directly applied to estimation of thermal and mechanical property of the ancient planetesimals. These results also sugge
that the thermal conductivity of sintered materials, and also of unsintered particles probably, can be evaluated by measuremer
of the sound velocity.

F—TU— R BME, L) R, SRR, 5, 5 A2
Keywords: Particle material, Regolith, Thermal Conductivity, Sound velocity, Glass beads
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TR U Ty b TR IR D A S HHEIS TR L b S5 T L 2R T % Tz D525k
~TREDEZEN UM 51~ . . .
Experiment to know the power to pull mutually between things that are axisymmetric for
the Saturn’s-like magnetic axis

e feisg 1
MASE, Hirofumi'*

LATE&a L
none

TREOMIGIE RGN TS E S A5 EEESTHED., S HIC O HiREE —BLTWVWa (1), TOBHEFEE
EHEHNTH S, EHICTEORIEITEDOMEHZNEL TWVWS (2 TNHBEATSH S EDOFHHIINEEEZIN TV
WeEbNG, IS OBHEREFHNTH %,

ELWVEROTWINRFEHGZ, CNETICHREIN TV S BROFHN RIS ORI TE Z 720, W5
DHULE I D RGN T EIC A2 B (R RET &V D) _ETIRRGERFRIC S 2 & OO THEICS 1 E A5 711 (BlE5|
N WFET B, DFEOEREMKT ZYEIEEIET 112 X > T 180 RHIOYIE & BHN B b HROERIZERE N
HERFEN T3, COEERZRFAT 2 ZBRICHD ATV 2 D THRRZHNT %,

HERZ B HRICEHIA L 72V, A T DO A U —J51 (REEHCEAT) IChii S & SN d. BHICIEREAD S HRET x
IWF—DRAT S FAIEBEB I TRV F—HifGa L THEEF TE2ZEHHEVEDEIFEZ RV, BEREmicin
IHM TR AEYDEDDIIIVF—HENLZ W5 ZNEHHET 2 -OMARDS ZWIREE GEICREEFmIE Dm0k
HE) IC75 %o Bl DB /RE T FICHEBIEFRIC 22 K5 2O EOAZEET %, [HE (A)A - Kik (Wa)B - iz
(A)C) DITT, ABCOET 1 HHZD) ITIHAT 2HE/ER FOT XV F—DREETIE TAEEH - BEZW- C
] DMV THB, THEIRMIREL TE /2 2{RERHRMEZDOEDEDTA L CHEIES1TIZEED ()

s FEEROKERL (X 72 )5+

A,C : RIRIEAT (45) 28Il L7z & @ (34L X 25W X 25H)

B : KRG (BT =51 F,40L X 40W X 10H, REBEHAE B=79mT, W5 )] F=2.746kgf) % 4~8 {7z HEiz &
@ (40L X 40W X 40~80H)

BEEFTHIRD Ry 7 A (KE) ZRICEDB T2 IRAE (280L X 580W X 410H) THIHT %, HEEICAR, A= E
M5, HIRIC 150 X 150FLEED e, FEZEDRKIIC 50 X S0FLED /R ZRIT 2 (FHISEWALIE), KRDIND Fiid ¢
65 X 1,000LDIFEISA TZH O 1) %, FEEDRTHIENZYRZME LIc T Aik%, AR NZEDE LM T
BB, 150X 150 X 3t DN VI ZBT B Z I3 DIAATZIRIET/NE B DR Z I—F > 79 %, ZTOXNZVHZH
WIS HR D7 FES K IO (1T %, ERZIEE/SA 7 EibINIAEIREE L 725,

AFFHNS 288D (1,700L) TH O FFHNAEENTHEIEE TE 208 LA T B & OB 20mmiEE TH %
3%, CIREZNRRNSARTHESEIN, COAMHEICIZHORDINESE SN TWVS, BEFOHND S RZ51
B A5 CRET (IRAECL) C N TE, O C % BICHIBRD 20mmiLEIcEE S ¥ 5 (IRREC2) 2 &N TE S,

oL X B 56 BORERKE MEAZZ(LIERD 3@ & Utz SF 10 #it 8 HEHEA (RIEEATE). £ 2 #it 4
A (RERSAE). S&0F 3 1 K 4 A (Gl A A 7K F)

s fFRAIDOFEsx 1A ZWIEREES S (REECL), 2. ETAH AT T A DIREZBAT % (IKEE C1), 3.5ME 27
% C1Mh5 C2\ (IRHE C2), 4.5k 4 771% C2/0 5 CL\ (IRRE C1), 5.Bikf 6 731 CLH 5 C2\ (kA& C2), 6.FdUs 857
(L3 S R

ookt ek LR ISR EE TR AR, A ZRUNCEEBI L Tz, 1.560F 1 RUSMH 2 DG, O (KEE C2)
ORI ICIRE DS N, 2 [EHO (IREE C2) ORI ICIREIAMEIR S Nz, 2.5 3 DG, 2RFEHIC A DR
T LIZERD ENEh o T,

sk B B Sl 2 LM 3 DHIRIC X D R RHA DB BRI T VEEZITXESZEITH S, THRLIEID KT
ENTVABARENND %,

ZE SRk

(1) Y2zt (2013)/ 155 13 ARG /T 52208 ENL KR

http://th.nao.ac.jp/MEMBER/hori/pdf/HOR2013Mar26partl.pdf P23

(2) ‘FETEYaE THEOH ) 7 DOiE%]  http:/lwww.hirahaku.jp/hakubutsukaarchive/tenmon/00000050/59.html

(3) [HHfE S (2008)/ T DTJ (SOLAR-B) DEMIBIRIC K OGSz, ERT L7 O MBIEF| O fifyh/ bR E R 28
£ 20084FE 5 [RIK22/E108-P007
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Y

SN

video camera

ceiling

Vi a
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top board 8 /
O edium = /
plywood \ TECE =
150x150x3 22e strings
~ /" Device box
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left cell ™\ right cell
N ik
magnetic axis \_ N loose
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Cross section of "X-X"
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C(State:"C:

(unit of length is mm)
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C: natural whetstone(sandstone,
34L x 25W x 25H

B: perm: i pic ferrite.40L X 40W X 10H,
B=79mT.F=2.746kef) piled up 4~8 pieces
40L X 40W X 40~80H

Condition1 3 kinds of Condition

change of composition and direction of B

Gondition 3

NS o
N S

= cell | cell :
4 pieces vertically 4 pieces horizontall
40L X 40Wx 40H | 40L x 40W x 40H

8 pieces vertically
40L X 40W X 80H




