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Abstract

A high velocity passage of a meteoroid through the atmosphere generates a shock wave
with a conical front. When the shock front arrives at the surface, it causes high frequency
ground motions that are registered on the seismograms. I use seismological data to
determine the trajectory of the meteoroid in th.e. atmosphere. Strong shockwaves from the
1998 Miyako fireball, the 1999 Kobe meteorite fall and the 2003 Kanto large bolide are
recorded by dense arrays array of séismographs installed in the Honshu Island, Japan. 1 deter-
mine the velocities and thé trajectories of the three fireballs in the upper atmosphere using
the arrival times of the shock waves at the stations. The seismqlogical data have not only'arri‘./al
time data, but also have amplitude data. The amplitude data are ground displacement records
generated by ;hockwave and depend on a meteoroid size. I investigate the ablation process
of the 1999 Kobe meteorite using the seismological records. The results show that the
diameter of the Kobe meteorite has changed from ~ 0.6 m at 70 km to ~ 0.3 m at 30 km
and that at 30 ~ 25 km the size has rapidly decreased. This rapid size change is caused by a

fragmentation of the meteoroid.
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Introduction

Fireballs, which are caused by high velocity passages of meteorites through the
atmosphere, generate shockwaves. It has beeﬁ known that such éhock waves are often
recorded on seismograms. It is possible to determine the trajectories and the sizes of
ﬁreballs by using the seismological records. The determination of the fireball trajectory is
very important to study "How did the Solar System and the Earth was made up?". The
determination of a meteofoid (fireball) is also very important to study "The ablation

process of meteorite and fall dynamics”.

Trajectory Determination

I have searched shockwave signals from many bright fireballs observed in two périods
Sep.1996 to Nov. 1998 a.nd May 2000 to vDec. 2003 and at a time of 1999 Kobe meteorite fall.
It is indicated that shockwaves from fuebaﬂs that are darker than brightness magnitude-10
are too weak to be recognized on seismograms of ordinary seismic stations in Japan.
The shockwaves from three two large fuebéﬂé, which are called Miyako fireball, Kanfo
large bolide, and Kobe meteorite, are clearly- recorded on many seismograms. I determine
their trajectories and velocities from the arrival times of seismic signals. I assume that the
shock wave velocity in the atmosphere is 0.32 or 0.31km/s and that, the fireball motion is a
linear motion with a constant velocity, generating a cone of shock front shape. Following
Nagasawa and Miura [1987], arrival times of a shock front are expressed by a non-linear
equation with six parameters of the trajectory, velocity, azimuth, angle of incidence, and
referenqe coordinates of space (Xo, Yo, 0) and the time to. The optimum parameters are
calculated by a grid search method. The five parametersof trajectory excepting the velocity

are estimated with high-accuracy. For the 1998 Miyako fireball, thé optimum values of
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the trajectory parameters are the meteoroid velocity of 18 km/s, the azimuth of the trajectory
of 287 °, the incident angle of trajectory of 18.5 °. For the 1999 Kobe meteorite, the
optimum values of the trajectory parameters are the meteoroid velocity of 18 km/s, the
azimuth of the trajectory of 249 °, the incident angle of trajectory of 30 °. For the 2003
Kanto large bolide, the optimum values of the trajectory parameters are the meteoroid
velocity of 14 km/s, the azimuth of the trajectory of 229.5 °, the incident angle of trajectory

of 15.5 °.

Meteoroid Size Estimation

The 1999 Kobe meteorite was recovered and its shockwaves were clearly recorded
by seismographs. I investigate the ablation process of the 1999 Kobe meteorite using the
seismological records. Thé amplitudes of the ground motions are converted to the amplitudes
of the atmospheric shockwaves using a conversion formula given by an experiment
[Takahashi et al. 2004] and a theoretical consideration [Ben Menahem and Singh, 1981].
The obtained amplitudes of the shockwaves on the ground are in a pressure range from 0.1
to 10 Pa. The shockwave amplitudes and representative source dimensions at the sources in
the upper atmosphere, whose locations have been determined by' the analysis of the arrival
times of the shockwaves are calculated by a formula of ReVelle [1976]. Then I estimate
the radius of the meteorite, adopting a relation R—Md where R is the representative
dimension, d is the radius, and M is the Mach number of the meteorite motion. The results
show that the diameter of the Kobe meteorite has changed from ~ 0.6 m at a helght of .
70 km to ~ 0.3 m at 30 km and that at 30 ~ 25 km the size has rapidly decreased [Fig.1].

This rapid size change is caused by a fragmentation of the meteoroid.
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KERARE RET 5 RARED, BREBELARTESECTEBT AR, BOHBEEYRET D, =
DEHEREHTHIIHEVE . ZOHREOEHTREMNET 6N, REFIIRB SN2, EESTHBIBES
DEZELHEBEIBIIT LI LT, BIKBEORET COUS L VBRI L 29 4 XELORT 2T HIc
FTHILEEELTV S,

BEER. BEBFFBICERSA TV 2 SEER M ESRNEOBES0EEE AR, kFOX
EX 10550 bHIVEE, BEHCES NI B ORI OEEESRETEILEHELMIC L, 2
LTHERNC L 2HERESITLEIAE . BHFSOBFICRE LR 3SEORKROM & BOH L1 2
LTIho Dk S RE LA HRESREENAICEL -BE BAESONBOBELS. AKHETO
HREREGEOT ) KBROEECHITEREL 2o S50, 1999 £ ICHEHICHET LARAII VT,
WEHIEG SN REIRIES S T TARTOFREORIEL KD, 2 5ICHEREH L RELBBOE
HBEME > TIREOT 4 AEREFRE L. COBNOBER. BRBANOH 4 X0AL 5T, KEHTOH
AEIHET B EELONLEML YA RELLBTVE, N CEBREL PR, FUERCY S48
BICE > THOATE LA, FHEICL ) HEBAEN N EEOEERSROFE AN BNEETHL
ERLTWVS, AFRRBMINFESEEOREFEL LTHFLVTRELRLADOTHY . LoTltnE
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