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Fig. 1. The area of large sonic boom.
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Fig. 2. Some examples of seismograph records.
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. Fig. 3. Expression of a fireball path with respect to
a Cartesian co-ordinates system.
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Table 1. Geodetic position of seismic stations and arrival time of the shock front.

R

I - Sl

Station Latiq;cude Long/itude He;bght Arrivil time
m h m s

Shiraki 3495322 13256775 285 22 10 42.5
Mikawa 3496111 13321071 320 11 41.2
Hojo 3399299 13298153 360 12 58.2
Doi 3329608 13323975 120 13 21.2
Kanozan 3399119 13222486 598 13 54.3
Aou 3397923 13327706 470 14 35.7
Nagahama 3325333 13294685 750 15 7.6
Futagoyama 3395811 13126020 685 17 13.5

S Hi#E 183°, ek 84°, HEE Om D
@ il FEIEDA X
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z ik SEEHFERIEDME
LLTEDR. & OERICRE L& EOME % Table 2 kiRL7.

Table 2. Transformed co-ordinates of the seismic stations.

Station x Yy 2
km km km
Shiraki —58.080 —29.605 —0.058
Mikawa —67.789 9.826 —0.049
Hojo 7.764 —17.076 0.332
Doi 4.273 36.736 0.013
Kanozan 9.522 —69.482 0.213
Aou 22.768 71.363 0.030
Nagahama 51.634 —49.369 0.349
Futagoyama 45.580 —129.773 —0.797
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Toble 8. Obtained solutions for each assumed fireball velocity.

Assumed
fireball o Yo 7 [/ to
velocity
km/s km km hm s
10 —107.73 —59.49 38906 35979 22 8 58.1
20 —109.42 —60.44 37973 34°83 54.9
30 —110.00 —60.76 37262 34251 54.8
40 —110.29 —60.92 37957 34935 53.3
50 —110.47 —61.02 37954 34926 52.9
60 —110.58 —61.09 37251 34219 52.7
70 —110.67 —61.14 37950 34215 52.6
Table 4. Observed and computed shock front arrival time.
Station gllarsi%giegi me g;);n é):stfgle?in;gﬁ}c;g’n ¢ 0—C
10-70 km/s
h m s h m s S S S
Shiraki 22 10 42.5 22 10 42.0~42.1 0.4~ 0.5
Mikawa 11 41.2 11 41.1 0.1
Hojo 12 58.2 12 58.2~58.5 -0.3~ 0.0
Doi 13 21.2 13 19.3~23.3 —2.1~ 1.9
Kanozan 13 54.3 13 54.1 0.2
Aou 14 35.7 14 34.3~34.5 1.2~ 1.4
Nagahama 15 7.6 15 7.0~ 7.2 0.4~ 0.6
Futagoyama 17 13.5 17 18.9~14.0 —0.5~—0.4
Table 5. Aerial path of the fireball at longitude 133°E.
Forword direction
gs:}l)lﬁfd Lati¢tude He;bght Azimuth Passage time
velocity N to W)r Declination
km/s km hm s
10 342283 69.65 38206 35250 22 8 46.2
20 349279 68.80 37273 34955 43.9
30 342278 68.52 37962 34224 49.8
40 342277 68.38 37257 34208 50.2
50 342277 68.29 37954 33998 50.5
60 342277 68.24 37951 33292 50.7
70 342276 68.20 37950 33987 50.8
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Fig. 4. The fireball path and isochronal lines of shock front arrival.
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Aerial Path Determination of a Great Fireball
Jrom Sonic Boom Records on Seismographs

Ko NaGAsaAwA and Katsumi MIURA

Earthquake Research Institute, University of Tokyo

On the night of September 11, 1987, a great fireball appeared over Western Japan.
Although it was cloudy, the fireball was witnessed by many people between or through
the clouds.

After a few minutes, Hiroshima Prefecture and its environs were hit by a large
detonation like a thunderbolt. In its central area, some earth tremors were felt. They
were believed to have been generated by a sonic boom from the fireball.

One of the authors soon found that the ground tremor was recorded on a seismograph
at the Mikawa Station, Shiraki Micro-Earthquake Observatory, Earthquake Research Insti-
tute. Then, by detailed investigation, sonic boom records were also found at five stations
of the Observatory and two stations of Kochi University. In all, precise arrival times of
the shock front were obtained at eight stations.

Since the propagation of the shock wave is well known, we can determine the
fireball path from the arrival times. The caleulation was carried out assuming the fireball
veloeity to be constant and the mean speed of sound to be 812m-s-1. These simplifications
are reasonable when the sonic boom is strong. The fireball path was as given below.

At the instant when the fireball passed through the meridian of 133°E,

Position {Latitude 1 3492840203

Height 1 68.6 km=+2.2km
Forward Azimuth 1 37974099 (from north to west)
direction 1Declination : 34°3+0°7
Passage time 1 1308m50s+3s (UT)

This was the first case that an aerial path of a fireball was precisely determined from
seismograph records only. This will give a powerful clue for searching for meteorites.




