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ZORTHRONIEYEZ S L2, BEOES 2HET D,



N P OZ&ZLRET HT I — a2 5EESE 1 BfiRes H25.05.30
P 222 K B A O & L2 TR T2FEHED A =K L TSR EHE BT 1/

TABLE II

Average tsunami height expected from
an impact in the Pacific, by an asteroid
with d = 200 m

Runup factor

10 25 40

Japan 16m 39m 62m
Taiwan 14 35 56
Shanghai 15 37 59
Hawaii 21 53 84

San Diego 15 37 59

Z Z T, Runup factor &IFEXT ENRVRETFEWLND LD T, EEOR IIX, FEi
WEF N TEL 25 2 L&, ZORFITHERIS ORI~ TRkExZ
L%, BT ERVRAIZ, BRTIEL, FHTIOMTHLN, "IATIT40E7%5
ZEHE, ZITIHER200m O/NEE ﬁﬁ%ﬁmbfwé
TV Tl Z o 7o KHUEEIC X DB A ARG FIZELEICIL 2 20> TV D, Len
ST, BENHER I, & 20 DEEREORFITHEE TX 5,

AU ICT 2 D8 OFfEfE (EHE)
ANEF R 2 m
FA1EY (BEAET) 7Tm
a7 U—hF &&E®» 20m

VII #2FroiaR

WV R HIVDOEERY AR L, Do TA755 ) BERQERIZ L » THEEI TR, £
DIFKI2 0 FANDN, 3 FADNEfmAELRN, 8 5%DEMAESNT-, BFEEELIX
EHCTholot b TWg, THEHET IO, Ly, L., RENREHEIX
TX 5,

WRUBICHE RN LEE 2 £ 95, KEHEOREBIAELTHIUL, FIZE»SRAT
%o IFEDS OkmIZih > T, 2km ONFHETHAKETIUX, 511 00 FFkmDEEL
2%, T ORI T BT, ﬁﬁ fME v BRI Y BERMENZL H D,

BBLED BFEHBLHZOIC, ARIZ1IFEHmbz oER%E2 10 0 M E 3T
%=1 0 0 JkHM

EWVIHIETENHTL %,

TNDOH TR, WROTFEEEITENLE DO TIEWE ZAIZHD . ZAbDKET
AUX, A Tld computer DR EBER L TWNEINE, RERBER LIRS D,

L EFEFEMICITREERE2RICBE LS, BRERORL2ESFHZOICH,. UM
SR DM FEE: & A E: 2 BUFIF ST~ & TiE W,

HIFE &3 ) fUd, MBI TRAEE Ly, INREIZZEN D OLESEN H VTR T
x5, Lrb, PuBEHFEIIZDOO TEMIZITADDT, HEETETHZEITH L2
W, BTSN, HEEZEETHIELAEETH D,

9



N P OZ&ZLRET HT I — a2 5EESE 1 BfiRes H25.05.30
FEA T 2212 X B A Ol & b &2 XS A FHDO A B =X A WEKRFE EHE BT

VIII. REEROEE
1. 2{85 00 O FERIDER.
TR (6 5 0 0 JHRT) OAEMMEIREI D &, FFIXISIHIZKREY, 95%
DEMRENHIRL TV D, ZRE Voo k&R L—F—[F Ao > Ty,
I 438 (LAR T, BunitEstecH LICZR > T 5,
K HBRT group 1ZZOBRVEN T FT—L v EREENAREZIRTFTETINL R 55N
KoOWETHHZ EER LI, TUWAFEHEICEETHENI ZEEbhoTN S,
TNT, INEIEBRFOEMZ L O TRELL, BARF IR O 115 Thi
L, A VP AREGEENINEZHMFICLI > THELTL b o7, FRIIEATTA
TTholz, Thbb, HERNNDOE THMREIK L1352 5, FEZ EI2HH
REROHBRH Y . 7 AV I OWFFEEDPE L=, [F Ui a5 T b,
EFHUR, KR OJRIRIL /212D, 2{85 0 0 0 HAFAIICE - 7=

KWK (2 _XUT) 72DD, ey -
FRLLERENES

Measurement of Iridium in the Fullerene - Rich Layer in Central Japan :‘"“::“

by the Neutron Activation Method WA DSTROCTURES

Shin Yabushita and Shin—ichi Kawakami

Abstract

Measurement has been made of Ir content in samples collected from lower
Triassic layer in Gifu, central Japan, rich in fullerenes, in order to investigate if they are
correlated with extraterrestrial events. The coincidence gamma ray measurement method has been
applied to the samples after they had been activated by a research reactor at Japan Atomic Energy
Research Institute and had been cooled for 2 months. The samples analyzed yielded Ir content
at several ppt’s, far less than those of the K/T boundary layers, for which Ir content of a
few ppb’ s has been obtained. In view of other experiments that yielded negative results, it

is concluded that the fullerenes are not to be taken as evidence of extraterrestrial events
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Did an impact alone kill the dinosaurs? in

Astronomy and Geophysics by Shin Yabushita and Anthony J Allen
1997.
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On the transfer of radiation at asteroidal surfaces in relation to their
orbit deflection - I
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ABSTRACT

One of the methods discussed in deflecting the orbit of an Earth-colliding asteroid
is the use of nuclear explosives. In assessing its feasibility, apart from political
considerations, it is important to quantify how effective it is in orbit deflection. The
transfer of radiation incident at the surface is governed by a non-linear ditfusion
equation. For low-yield explosions with a slab geometry (S,~10°kJps™"), the
temperature at depth x and time ¢ is well approximated by a similarity solution of the
form T'(x, t) =T,f (£), E=x/(T3t)"?, with T, given by (S,/5)", where o is the Stefan—
Boltzmann constant, n is an index that specifies the radiation transfer and f () is the
solution of a non-linear differential equation subject to the condition f(0)=1 and
lim,__.f(£)=0. For high-yield explosions (S,= 10" kJ ps "), numerical solutions to
the non-linear diffusion equation can be obtained. These solutions have properties
similar to the case of low-yield explosions. If the duration of the explosion is
d x 10*s, where d is close to 3, the fraction of energy absorbed by the surface is
found to be 7, 12 and 23 per cent for §,=10%, 10" and 10" kJ us™" respectively,

Key words: radiative transfer - minor planets, asteroids.

1 INTRODUCTION

Thanks to the researches made by physicists, geologists and
astronomers over the past two decades, it has become clear
that our own Earth has been subjected to catastrophic
impacts by comets and asteroids. Direct evidence of the
impact at Chicxulub, Mexico dated at 64.98 Myr & is the
best known (Grieve 1997). Such impacts may trigger world-
wide mass extinctions of fauna and are estimated to occur
once every ten million years or so. On the other hand,
smaller impacts occur more frequently. For instance, an
impact resulting from an asteroid with diameter (D) greater
than 1.5 km takes place, on average, once every half a
million years. Although less catastrophic than the one at
Chicxulub, it is still sufficiently destructive to plunge the
Earth into a primitive society. For a review of frequency of
impacts, see Chapman & Morrison (1994). Even a smaller
impact with D close to 200 m in one of the oceans could
destroy the cities and nations lying at the peripheries and
could drastically damage economies (Yabashita & Hatta
1994). Hence, it is important to discuss how such hazards
could be avoided.

One of the hazard mitigation methods frequently dis-
cussed is the use of nuclear explosives near or below the
surface of the minor bodies on collision course with the
Earth. For instance, by heating the surface to a high tem-
perature by such an explosion, part of the material is blown
away from the surface; this gives rise to a recoil, which
imparts momentum to the impacting body, and hence a
collision may be avoided. For other mechanisms such as
mass drivers, see Ahrens & Harris (1992) and Melosh,
Nemchinov & Zetzer (1994).

In assessing the usefulness of such a method, it is import-
ant to estimate what fraction of the energy involved in the
explosion could be converted into energy of the material to
be blown away. Clearly it depends upon how much energy is
absorbed by the surface of the minor body. This process is
usually referred to as radiation coupling. If this coupling
were very small, one would need to explore other methods
that were more efficient. The object of the present paper is
to investigate theoretically the efficiency of the explosion.
This problem has been tackled by Simonenko et al. (1994),
adopting an approximate approach. Here we show that an
exact treatment is possible with relative ease.
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Radiation transfer at asteroidal surfaces — Il

6 RECOIL RESULTING FROM HIGH
PRESSURE IN THE HEATED REGION

The object of the present section is to point out a factor that has not
been recognized in earlier investigations. This factor is the momen-
um endowed to the asteroid as a result of high pressure in the heated
region. It will be shown that the momentum may not be too small 1o
be neglected.

When the surface is heated by the radiation. the temperature
profile is of the form shown in fig. 2 of Yabushita (1998). Depending
on the radiation flux at the surface, the duration of irradiation of
0.03 ps corresponds to a dimensionless time of 30, 63 and 133 for
8 =10", 107 and 10° kI em™ ps™' respectively. The heated
region penetrates to 2.0-5.0 characteristic lengths for 5, = 10"
and 10° kI em™* ps™' respectively during these times. This
corresponds to 60 and 1 em respectively. On the other hand, the
temperature for 5y = 100 kJ em™ ps™" is typically 3.6 % 107 K.
The velocity of sound, ¢, is given by = (y— DCT = (y = De
where ¢ is the heat function, and v = C/C,, where Cy and €, are
the specific heats at constant pressure and constant volume, respec-
tively. For aluminium, €, =79x10" kI g~' keV™' so that
6, =29x10" ¢cm 5! for T=3.6%10" K, The pressure, p, is
simply > ply, which equals 3.7 % 10 Nm™ for T = 3.6 x 107 K
and p = 2700 kg m™* (aluminium).

Once the irradiation is over, the heated region begins to expand.
The ue]ociry of the expansion into vacuum cannot exceed the value
2egfiy — 1), where ¢ is the velovity of sound in the reservoir
(Landau & Lifshitz 1963, p. 357). We may put ¢; = &, 5o that the
high pressure persists for the time 7= £[2c/(y — 17", For
£ =60 cm, r=10"% 5. Thus, the asteroid receives a momentum
p T xSg where S is the irradiated surface area, This equals
3.7% 10" (Sp/100 m*) g em s~". This may be compared with the
recoil momentum resulting from the ejection of mass estimated in
Section 5 for the case of an explosion with W = 100 kton. If §g, is
22 m’, the two become equal in magnitude. This means that the
recoil momentum consists of two mechanisms, namely the momen-
tum of the ejected mass and the expansion of the heated region.

7 DEFLECTION OF A LARGE ASTEROID
(d = 10 km)

Although the case of a large steroid is basically the same as the case
of a small one, we consider it in order to gain a concrete picture of
the process.

Rk 2 5HERES 1 AR E
HORA =K A

H25.05.30
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Consider an asteroid with diameter () close to 10 km and energy
of explosion W close to 10° kton (=1 Gton).
The surface gravity, g, is written as

g=0307x107" [@:}“}J ms’
or
d(km]T
= 3192,
En [ 0 |
where g is the gravity at the Earth’s surface, Then we have
a7
D, =257 dlkm) * 001339
10
=0.0342 [’ﬂkm}] Wi,

For a 1-Gton explosion with an absorption efficiency of 0.05,
W =2.1x10" 1, so that

dikm)] -t oF 154
D, = 4250 —— —

¢ [ 0| |005%iGwon

where £ is the energy yield of the explosion and e is the fraction of

the energy absorbed by the asteroid. The cjected mass, M., is then
given by

d(kmy] 7091 e 34
M, = 1.76x 10" — .
5= 17610 [ 10 ] (O.USXIGlun) ke
—
f/f
AAmtkm

d=10km,

w

Figure 1. The recoil velocity is ploted against the energy of the explosion.
The solid lines correspond to the case where the energy—crater diameter
relation depends on surface gravity. The doted lines correspond to the
gravity-independent case,

Table 2. Recoil velocity resulting from a nuclear explosion of energy E. An efficiency of 5 per
cent is adopted. Density = 2200 kgm . M, is the mass of an asteroid with diameter.d and My

is the mass of the ejected material.

Case A Energy—crater diameter scaling law depends on g

d M, E
100 m 1.15%10° kg 100 ton
1km 115> 10" 100 kton
10 km L15= 10" 1 Gton

Case B, Energy—crater diameter scaling law independent of g.

d M, E
100 m 1153 10" kg 1 kton
1 km 115 10" 1 Mion
10 km 115%10'5 1 Gion

M Aw
8.3 10° kg 53ems !
12w 10" 0.71
1LE=10" 1.1

M, Aw
52%10° kg 033ems!
23107 0.15
L0 10" 0064
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d M E Me dv

100m 1. 15x10° 100t 8.3x10° 53¢ m/#

1 km 1.15x 10" 100k t 1.2x 10" 0.27 cm/#

10 km 1. 15x10" 1 Gton 1.8x 10" 1.1 cm/#
EFDIZ, 10km MHFONERTHIUL, BE1 cmRVEZLELSELDIZ, FH b

VAR DIBIEN BN 72 D o TV DR AL, CREFZE A RE T 2 12iE. EZEDIX 5 DR

L, xS LR T HIL 72 5720,
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DN Z D EFtE LTZH 0,

I AT Z e AL D DD, B
AR E E DI RkREL 2D,
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WL E 5 2 5 i b W72
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Fig. 1
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The separation 0 r between the original and the perturbed orbits is plotted against

time. § r is given in units of the earth radius and the time is in years. The velocity

change given at perihelion is 0.20 cm/sec.
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