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& Great sonic boom
© Middle sonic boom

® Sound like a
distant thunder

Fig. 1. Path of the fireball and the distribution of sonic boom.
(by the courtesy of Mr. Ono)

Fig. 2. Propagation. of a shock front in.a uniform medium.
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Fig. 3. Velocity of sound versus height.
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Fig. 4. Relation between a Mach cone and a isochronal line.
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Fig. 5. Relation between the arrival time of shock front
and the position of station.
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Table 1. Geographical position of the seismic stations and arrival
time of the shock wave.

Station Lati;:ude Longzitude He%lght Arrivzél timg
Nasu 37°06/8 139°59/1 1270" 21"39"10°
Bandai 37°34/9 140°04/9 1000 21 38 25
Adatara 37°33/6 140°2072 900 21 39 02.6
Azuma 37°4574 140°1872 890 21 39 00
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Adatara Azuma

Fig. 6. Examples of seismograph records.

Table 2. Aerial path of the fireball.

A Point on the Fireball Path
( Latitude : ¢=36"5768"N
Longitude: 21=140°17'42"F
Height : h=68.21km
The Forward Direction
{ Azimuth: A=155°2273 (from the south)
U Declination: D=18°134

Table 3. Transformed co-ordinates of the seismic stations.

Station u v w X y %

km km km km km km
Nasu —3900.467 = 3274.621 3827.816 54.477 18,668 46.120
Bandai —3881.636  3247.663 3869008 45.516 —10.976 87.731
Adatara —3892.7756 = 3227.639 3874 .337 42,794 —34.275 84.737
Azuma —3384.972 3224 984 3884230 39.044 —36.846 96.793

Table 4. Observed and computed shock front arrival time.

Station Observed Time = Computed Time 0—C
- - h m 5 h ) mis . s
Nasu 21 .39 10 21 39 9.932 0.068
Bandai 38 25 38 25.002 —0.002
Adatara 39 2.6 39 2,884 —0.284

Azuma 39 0 38 59.782 0.218
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Fig. 7. Isochronal line of the shock front arrival.
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8. An Analysis of Sonic Boom from o Great Fireball
on May 10, 1977, Recorded on Seismographs of
Volcano Observatories.

By Ko NAGASAWA,
Earthquake Research Institute.

On the night of May 10, 1977, a great fireball appeared in the sky east of the Plains
of Kanto in Japan and flew away to the north. It was witnessed by a lot of people in
Kanto and Tohoku districts.

After some time, a big sonic boom attacked Fukushima Prefecture and its adjacent
areas. This was considered to be generated by the fireball and a meteorite fall was
expected.
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A few days later, it was discovered that the ground vibration caused by the sonic
boom was recorded on high gain seismographs installed in volcano observatories near Mt.
Nasu, Mt. Bandai, Mt. Adatara and Mt. Azuma. From these records, precise arrival times.
of the sonic hoom were obtained.

As the fireball was fortunately photographed at two distant places by amateur astrono-
mers, its precise aerial path could be computed. Then, the state of propagation of the
sonic boom could be calculated by assuming the speed of the fireball and the Mach angle
of shock wave to be constants. By applying the least squares method, the above values.
were determined as follows:

21.71+£3.45kms~1 for the speed of the fireball,
497497767 for the Mach angle.

From the above values, 313 m-s-! was obtained for the sound velocity which agrees well
with the mean velocity of sound in the corresponding height range. This supports the
reliability of the results together with the fact that the calculated arrival times agree
with observed times within the observational errors. The obtained speed of the fireball
seems too fast to leave a meteorite of considerable weight.




