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Abstract: We have been conducted the meteor train observation (METRO) campaign in Japan
since 1998, and fruitful observations were collected from many amateur observers during 1998-2001.
The purpose of the METRO campaign is to detect many train images from multiple stations and
to investigate their height distribution, three-dimensional forms, and detailed structures. We have
called for the popular photographic observations of the persistent meteor trains with the optimum
condition. We obtained 5 examples in first three years. And in 2001, the Leonids meteor storm was
observed over East Asia as was predicted by some researchers, so that the observers in Japan could
fortunately encounter lots of bright fireballs with meteor trains within a few hours, resulting in
the 242 sequence images for the 134 independent persistent trains. It was the first vast-amount-of
observation of the persistent train over 100 detections in one night. There were confirmed the 36
simultaneously observed meteor trains as well as the 98 examples detected from single site. In this
paper, we present the method of the METRO campaign and its evolution during the four years.

1. INTRODUCTION

The meteor train is formed like a cloud after the appearance of bright fireball along its
trajectory. The persistent meteor train has longer duration time of its luminescence over 30
seconds. In rarely case, it can be observed over decades of minutes with changing its shape in the
sky. Study of the meteor train began in the late of the 19th century by way of collecting some
sketches of the persistent trains observed with the telescope but by naked eye. These typical
examples were shown in the early research by Trowbridge (1907). In this study the height distri-
bution, the color, the double nucleus structure, and the dissipation feature were reported. The
tube model was also assumed to explain the double nucleus form. Liller and Whipple (1954)
observed the first clear sequence of the persistent meteor train by the super Schmidt camera
with very large aperture (F/0.65) using a smart method. Shigeno et al. (1998) found the 200
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m scale spiral structure in the height range from 89 to 92 km by an successful simultaneous
observation of the meteor train in Leonids 1997. Jenniskens and Nugent (2000) showed struc-
tures of the knot and loop on the double striations style train observed simultaneously from
two stations and suggested a tube structure model of the train. Kelley et al. (2000) showed
the high spatial/time resolution images.

Because of the short duration time of its faint luminescence, the detection of the meteor
train is difficult and the previous observations were limited. Moreover, there has been no
observation campaign targeted to the simultaneous detection of the persistent meteor train
having collaborations with many amateur meteor observers in public. We firstly conducted the
meteor train observation (METRO) campaign during the Leonids period in 1998. The purpose
of the METRO campaign is to obtain the clear images of the meteor train simultaneously ob-
served from multiple stations so as to investigate the height distribution, the three-dimensional
structures, and the fine structures of the persistent train, as well as its statistical study.

We selected the meteor train of the Leonids for the target of the METRO campaign because:
1) Leonids has the largest incident velocity of 71 km/s to the Earth, 2) There have been
empirically confirmed that the bright meteor of Leonids more frequently produce the persistent
meteor trains than the other meteor showers, 3) There were some reliable predictions of the
appearance of the Leonids meteor storm in 2001 (e.g., McNaught and Asher (1999)). The main
subject of the METRO campaign is to detect the persistent train structures in the early stage
because the small-scale structure such as the spiral shape is observable within 30 seconds from
the appearance (Shigeno et al. (1998)). According to the previous image samples successfully
obtained during 1990-1997, the optimum photographic condition of the clear detection of the
train images was determined and has been announced to the many contributors thorough the
METRO campaign.

2. OBSERVATION METHOD

In the METRO campaign, the simultaneous observations of the persistent meteor trains
were targeted. The popular cameras with 35 mm film are selected as the instruments because
we have been called for the observations by for the amateur observers widely in public. Using
the wide aperture lens with aperture ratio is smaller than 2.8, the high-sensitivity negative,
and the short exposure time were recommended to the observer and the sequence observation
of the trains with rapid repetition shortly after the end of the luminescence was announced.
For the very bright persistent train whose duration is over a few minutes, the sequenced images
with a certain period were also suggested to carry out so as to obtain the wider observation
period. We cannot predict the location of the meteor train before the appearance, hence, in
order to detect the first shot of the persistent train in its early stage, the most important point
of our observation method is to prepare the instruments before the appearance and to watch
the sky carefully.

The focal length of lens is free to select. For example, the lenses of 28-58 mm are useful for
determining the motion in whole of the train comparing with the background constellations.
Otherwise, the telephoto lenses of 85-300 mm have an advantage of detecting the higher res-
olution images for fine structures. Four examples of the persistent meteor trains detected by
the lenses with different focal length are shown in Figure 1. It also shows the evolution of the
photographic detection method of the early-stage meteor train, before and during the METRO
campaign. The high-sensitivity films and short exposure are significant condition to detect the
rapidly moving faint trains. We select the negatives with sensitivities more than ISO 1600 with
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extended developments as well as the rapid repetition of the short exposures within 5 seconds.

If the optimum photographical condition is well known, the observers can detect the clear
images of the persistent train in success. Based on the previous detection results before 1997,
the optimum condition for the persistent train detection have been determined and have been
announced through the campaign. The optimum exposure condition is shown in Table 1. It
depends not on the focal length of lenses, but on the aperture ratio of lenses and the final
sensitivities. Note that the recent observations in the METRO campaign included the images
taken by the cooled CCD camera and the digital camera as well as the movies taken by video
camera with an image intensifier.

It is important to keep the exact exposure timing in standard time for the case of the
simultaneous observation with the rapid repetition of short exposures. To obtain the better
time accuracy by many collaborators, we announced the simple recording method of both the
exposure timing and the standard-time signal using the tape recorder with a time keeping
items, i.e., the standard-time broadcasting by short-wave radio or the handy phone. By the
highly trained observers, the cameras and video cameras with time recording capability were
used with time keeping items for the accuracy. Thus the time accuracy of the short-exposure
images attributed within a few seconds Thus, in many confirmed cases, - - -.

Fig. 1: Example images of the persistent meteor train of Leonids taken by four different focal lengths.
(2) A meteor train image with 50 mm lens (FOV: 39 x 26 degrees) taken by Toda in 1990. (b)
105 mm lens (19.5 x 13) by Toda in 1991. (c) 200 mm lens (10.3 x 6.8) by Toda in 1997. (d) 300
mm lens (6.8 x 4.5) by Higa during the METRO campaign in 2000.

3. RESULTS

In first three years of the METRO campaign from 1998 to 2000, we successfully obtained five
examples of the simultaneously observed meteor trains. From the results, we found that these
meteor trains appeared within the altitude range from 81 up to 97 km. The telephotographic
example of Leonids train in 2000 (See Figure 1 (d)) showed the fine spiral structure which was
reported by Shigeno et al. (1998). According to the observed images by color negative, the
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Table 1: The optimum condition of persistent train detection. One can find the optimum exposure time
in case of certain sensitivity (ISO number) and aperture ratio of the instruments.

ISO F/2.0 F/2.8 F/4.0
1600 4 8s 16 s

3200 2 4 8
6400 1 2 1
12800 0.5 1 2
25600 0.25 0.5 1

train showed bluish color in the higher portion and bluish white in the lower part during the
very early stage of it. However, it gradually changed into orange in whole of the train. We
called the former as the early-stage persistent train and the latter as the stable-stage persistent
train, respectively. It was also found that the threshold of this color changing is at about 30
seconds from the appearance. Moreover, the Leonids meteor storm in 2001 over Japan area
leaded the numerous appearances of the persistent trains, resulting the 98 samples of meteor
train observed from single site as well as the 36 samples observed from multiple stations.

3.1 METRO campaign in 1998

In this year, the Leonids meteor shower of ZHR=130 was observed in Japan. A magnifi-
cent persistent meteor train with its duration time was over 40 minutes appeared at 04:13:55
LT (UT+9) over Izu area after a -8 magnitudes fireball. In the campaign, the first simulta-
neous observation result from multiple sites was successfully obtained (Figure 2). The train
was simultaneously observed by 17 collaborators from 14 independent sites in wider area in
Japan: within 250 km apart from Izu. The results were summarized that 1) over 200 images
of the persistent train were obtained, 2) the three-dimensional form was derived by triangu-
lation analyses, 3) the large-scale spiral structure with its radius of 5 km was confirmed (See
Yamamoto et al. (2002, this issue)).

3.2 METRO campaign in 1999

Leonids of ZHR=180 was observed in Japan. There were few bright meteors with the
persistent trains this year, however, the three examples of simultaneous observation from a few
sites as well as two samples from single site were obtained. The results in 1999 were summarized
that 1) multiple examples of the simultaneous observation were firstly attained in this year, 2)
height distribution was obtained for the three examples.

3.3 METRO campaign in 2000

Leonids of ZHR=50 was observed. Only one example of the simultaneous observation
was obtained for a persistent train which appeared at 03:35:31 LT over the Shirakawa area
in Fukushima pref. The train was detected from 14 stations. One clear image of the spiral
structure of the early-stage persistent train was detected. The campaign was expanded to the
Perseids, Orionids, and Geminids from this year and the persistent train by Geminids was
obtained in success.
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Fig. 2: The first example of the simultaneously detected images of the persistent train. The 6 images
were obtained from independent sites. Note that the detection time and resolution were different
in each other.

3.4 METRO campaign in 2001

As was predicted by several researchers, the Leonids meteor storm with ZHR=3400 was
observed in Japan. We widely appealed the METRO campaign and the collaborator network
including 25 independent stations from Hokkaido to Okinawa was organized before the en-
counter. At the Leonids storm night in 2001, over 1000 images of the 242 meteor trains were
detected by 39 collaborators. From the careful investigation about the numerous images of
the persistent trains, the 36 samples of the simultaneous observations and the 98 single-site
observations were finally confirmed. The results are summarized that 1) the high spatial /time
resolution image sequences of the meteor train were successfully detected by the trained collab-
orators using the telephotographic lenses over 200 mm with the condition of 1 second exposure
and the high-sensitivity negatives, 2) more than 10 movies of the persistent meteor train were
collected by the CCD video camera with an image intensifier and 400 mm telephoto lens, 3) the
morphology of the persistent meteor train was studied especially for the early-stage train (See
Higa et al. (2002, this issue)),and 4) the largest persistent train named “Saku” was simultane-
ously observed from more than 20 stations at 01:47:24 LT over Saku area in Nagano pref. The
triangulation analysis of the train Saku was reported by Yamamoto et al. (2002, this issue)
and the tube structure of the persistent train was firstly confirmed by this experimental result.

The distribution of the meteor trains and the observation sites are plotted on the maps
in Figure 3. The collected numbers of examples in the METRO campaign in Leonids during
1998-2001 were summarized in Table 2.

4. DISCUSSIONS

Since 1998, the observations of the meteor train have been called for in the METRO
campaign mainly focused on the persistent trains in the expected Leonids shower or storm.
We promoted the simultaneous observation campaign to the amateur observers in public via
the web pages (Yamamoto et al,(1998)) as well as the astronomical articles in Japan (e.g.,
Toda and Yamamoto (1999); Toda and Yamamoto (2001)). We announced the required in-
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Fig. 3: The distribution of the observed meteor trains and the observation sites in the four years’
METRO campaign. In each panel, the closed and open circles show the location of the persistent
trains observed by multiple sites and single site, respectively. The crosses are the observation
stations.

struments, the optimum photographic condition, and the time keeping method in the web site
before the meteor showers. In order to collect the observations as much as possible, the feed-
back to the collaborators was also carried out just after the observation period via Internet by
frequent updating of the observation lists reported to the campaign.

We selected the camera with 35 mm negative for the main observation instrument because
it was spread all over the country and used in popular by many amateur observers. If the opti-
mum condition is satisfied, this cheaper and easier observation method can lead the sufficient
results. The network observations by many earnest collaborators with various instruments
yielded the numerous simultaneous observations of the persistent trains never obtained before.
The evolution of the high-sensitivity negatives in these decades enables us of detecting the
faint train images with high time/spatial resolution by the general telephoto lenses with the
aperture ratio of smaller than 3.5.
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Table 2: The collected numbers of the persistent meteor train in the METRO campaign in Leonids
during 1998-2001.

Year 1998 1999 2000 2001 Total
All observed trains 1 5 1 134 141
Simultaneous observation 1 3 1 36 41

Single-site observation 0 2 0 98 100

One of the subjects of the METRO campaign is to detect the high-resolution images of the
early-stage trains and reveal the fine structures. In this viewpoint, Liller and Whipple (1954)
obtained the early-stage trains but the resolution for the detailed structures was not sufficient.
Kelley et al. (2000) detected the high-resolution images but for the stable-stage persistent train
after 82 seconds from the appearance. The early-stage persistent train images successfully
obtained in the METRO campaign resulted in the morphology of the meteor train.

The observations with the high-sensitivity color films by many observers yielded the numer-
ous clear color images of the persistent meteor train. Though the spectrum information of the
meteor train was not obtained, the observations with color films were sufficient for pursuing
the time variation of the color. The color information effectively gave the two stages of the
persistent train: it seemed to be classified into the early- and stable-stage trains before and
after 30 seconds from its appearance, respectively. Namely, the bluish color trains were seen
only within the early stage, however, the orange color trains were continuously seen in stable
stage. The fine structures like knot, spiral, and/or mesh were found mainly in the early-stage
persistent trains.

The upper atmospheric wind also can be derived from the simultaneously observed image
sequence. Especially in 2001, the persistent meteor trains appeared at the several locations
within the short time period, so that the wind system in the mesospheric region will be revealed
by tracking method of the meteor trains in future analyses.

5. CONCLUSION

The structures of the persistent meteor train rapidly in motion were revealed by the
multiple-sites simultaneous observations. Since 1998, the METRO campaign has been evo-
lutionally driven by the kind collaborations of the large-population amateur observers in Japan
with their earnest spirits. The early-stage trains were focused on as the main target of the
campaign and the numerous images of the persistent trains were successfully observed during
the four years’ campaign in 1998-2001, resulting the 41 simultaneous observations with the
100 examples of the single observation (Table 2). The statistical study of the persistent train
morphology and the three-dimensional structure analyses were derived from the numerous im-
ages obtained in the METRO campaign. The more simultaneous observations of the persistent
meteor train with higher resolution as well as the future comparison with model studies are
desired in order to clarify the generation mechanism of the detailed structures.
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Abstract: In order to clarify the three-dimensional structures of the persistent meteor train, the
simultaneous observations of the Leonids trains were carried out in the meteor train observation
(METRO) campaign in Japan during 1998-2001. As was predicted by some researchers, the
Leonids meteor showers/storm were observed in these four years, and we could detect a lot of
persistent meteor trains within a few of hours near the each maximum encounter. Through the
METRO campaign, the 36 groups of simultaneous observations were successfully detected including
several examples from multiple stations. In this paper, the couples of three-dimensional structures
of the persistent trains in the early stage are analyzed, and the existence of tube structure of the
persistent meteor train was experimentally proved by the high-resolution simultaneous observations
from multiple stations.

1. INTRODUCTION

The meteor train is an interesting object because the interaction between the meteor and
the upper atmosphere is displayed by this phenomenon and hence it reflects the information
about the meteor itself. The three-dimensional structure of the meteor train and its tiny
structure are important aspects to be studied. However, there have been few studies of the
meteor train because the observed samples of the meteor trains were limited due to their seldom
appearance, The wide field observation by all-sky camera cannot obtain its tiny structure so
that it is difficult to take snapshots of the persistent meteor train automatically in high quality.

In order to obtain simultaneous observations of the persistent meteor train, the meteor
train observation (METRO) campaign was organized in Japan. The campaign began in 1998
when the meteor shower of the Leonids was first expected due to the return of its mother
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comet of Tempel-Tuttle (55P). We have asked the amateur observer in Japan to observe the
meteor trains in the Leonids shower. The main purpose of the campaign is to obtain the
altitude distribution and the three-dimensional structure of the meteor train using the precise
triangulation of the simultaneous observations. The investigation of its tiny structure is the
purpose of the campaign as well. The spectrum of the meteor train should be measured to
clarify its luminescence mechanism, however, it was not treated in the campaign.

In the past decades, the meteor train has been observed as a tracer of the upper atmospheric
wind. Liller and Whipple (1954) measured the wind using the detailed observation of the me-
teor train, however, the precise triangulation of the meteor train itself was not obtained. Three-
dimensional structure of the meteor train was reported by Jenniskens and Rairden (2000) and
Kelley et al. (2000) based on the two simultaneous observations. However, the structure in the
early stage was not observed in these studies.

2. OBSERVATION

In the METRO campaign, we called for the observations of the persistent meteor train to
many amateur meteor observers all over Japan. It successfully resulted in the dramatic increase
of the simultaneously observed images of the persistent meteor train. According to the previ-
ously obtained samples, the optimum conditions for the meteor train detection have been shown
to the collaborators using the web pages (Yamamoto et al,(1998)) and having kindly supports
by astronomical publications (Toda and Yamamoto (1999); Toda and Yamamoto (2001)). The
observation is focused on the persistent meteor train which can be seen over 30 seconds from
its appearance. There is no particularly targeted field of sky for the simultaneous observation,
however, we asked for the collaborators for pointing the field of view to the meteor train, once
it appears. We can detect the first shot of each meteor train within 15 seconds over 200 km
area from each observation site by this method. Along the instructions of the campaign, al-
most all observers used prevalent cameras for 35 mm film with wide aperture lenses with theirs
focal lengths of 50-200 mm. To take the clear snapshots of the rapidly moving meteor train in
the sky, the exposure time is limited within a few seconds, so that the observation with high
sensitivity is required. We called for the photographs using highly sensitive black-and-white
negatives, which have a capability of the extended development. Since the highly sensitive color
negatives have become popular and effectively implemented in their sensitivity and resolution,
many observations by highly sensitive color negatives were also reported to the campaign, lead-
ing to some interesting points. In addition, highly experienced observers successfully obtained
the magnificent images of the meteor train by the cooled CCD camera and digital camera as
well as the interesting movies by the video camera with an image intensifier.

The obtained images had good time accuracy because the importance of time accuracy have
been announced to the observers. Best cases had one-second accuracy, though the images of
unexpected long exposure with an accuracy of a few tens seconds were also reported to the
campaign. We selected the images with high time resolution and accuracy for the analyses,
but others were also useful for the estimation of appeared altitude and the morphology of
the meteor train. The method is described by Toda et al. (2002, this issue) more in detail.
The typical triangulation method is applied to the three-dimensional analyses and the altitude
estimations using simultaneously obtained high-resolution images. The calculation method
about the analysis of the meteor trajectory was shown by Terada (1984). The correction method
of the distorted images using the coordinates of the background stars shown by Ohnishi (1984)
was applied, resulting in the good accuracy of the analyses.
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3. RESULTS

In the first three years of the campaign, we successfully obtained 5 simultaneously detected
meteor trains images and in 2001, a lot of fireballs of the Leonid storm were observed all over
the East Asia region, leading the detection of lots of samples of the persistent meteor train
in Japan: the dramatic results of 36 simultaneously observed persistent trains and nearly 100
samples of the meteor train detected by single site. The results of the METRO campaign
during 1998-2001 is summarized by Toda et al. (2002, this issue). In this paper, the three-
dimensional analyses of the two bright meteor trains observed in the Leonid periods in 1998
and 2001 are investigated.

3.1 Persistent meteor train “Izu” observed in 1998
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Fig. 1. The location of the observation sites and the persistent train Izu in 1998 projected on the map.

This train appeared at 04:13:55 LT (=UT+9) on Nov. 18, 1998, over the Izu area, Shizuoka
prefecture in Japan. The parent fireball was seen at -8 magnitudes of brightness by many meteor
observers and people who expected the meteor shower. It became the most famous meteor train
in Japan. The images observed simultaneously from 17 independent sites were reported to the
METRO campaign. This was the first result of the persistent meteor train simultaneously
observed from more than ten sites (Figure 1). The image examples are also shown in a related
paper (Toda et al. (2002, this issue)).

In the triangulation analysis, we selected the images shown in Figure 2. The image of
Fig. 2(a) was taken by Shigeo Uchiyama at Awano, Tochigi pref. (point A in Fig. 1) and
the image of Fig. 2(b) was taken by Johji Aizawa at Miwa, Ibaraki pref. (point B in Fig. 1),
respectively. These are the first shots of their sequential images that began from 15 seconds after
the appearance. The time coincidence and the similarity of the two images were quite good.
The three-dimensional structure derived from the triangulation is shown in Figure 3, where the
superimposed fireball trajectory was calculated by Takashi Sekiguchi (Private communication,
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Fig. 2: The images of the train Izu observed from two of the observation sites. These images were
detected only after 15 seconds from the appearance.
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Fig. 3: The three-dimensional structure of the train Izu after 15 seconds from its appearance.

1998). In a glance, we can find its large-scale spiral structure whose axis is almost on the
injection trajectory.

3.2 DPersistent meteor train “Saku” observed in 2001

This train appeared at 01:47:24 LT on Nov.19, 2001, over the Saku district, Nagano pref.
Parent fireball was observed at —8 magnitudes. The train was the biggest one among a lot
of persistent meteor trains detected in Leonid period in 2001, and the largest number of the
observations was reported to the METRO campaign. The simultaneous observations of the
meteor train from 23 independent sites shown in Figure 4 were collected. As the first result of
the METRO campaign in 2001, the three-dimensional analysis of this train is presented in this
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Fig. 4: The location of the observation sites and the persistent train Saku in 2001.

Fig. 5: The images of the train Saku observed from the three observation sites only after 15 seconds
from the appearance. The explanations of images (a) and (b) are written in the text. The image
(c) was observed by Yasuo Takeda from Daigo, Ibaraki, using 85 mm, F/2.0 lens with no iris.
Color negative of ISO 1600 was used.

paper. Here, we use two images shown in Figure 5. One image shown in Fig. 4 (a) was taken
by Satoshi Suzuki at Yachiho, Nagano pref., and the image shown in Fig. 4 (b) was detected by
Youiti Ishiduka at Takayama, Gunma pref., respectively. The both images are extracted from
their sequential observations. Note that another image sequence with more high spatial resolu-
tion was taken by Ishiduka (See Higa et al. (2002, this issue)) and the spectral observation of
the train Saku was also reported by Suzuki et al. (2002, this issue). It is interesting that these
images were observed from almost anti-parallel directions each other in the projected location
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Fig. 6: The three-dimensional structure of the train Saku after 15 seconds from its appearance.

on the map.

The calculated result at 15 seconds after the appearance of the parent fireball is shown in
Figure 6. Here, the superposed fireball trajectory was presented by Takashi Sekiguchi (Pri-
vate comm., 2001). This also shows large-scale spiral-like shape near the incident trajectory;
however, the amplitude was not expanded so much.

4. DISCUSSIONS

In the METRO campaign, we successfully obtained the simultaneous observation results
in the very early stage of the persistent meteor train. Here, we present the firstly analyzed
three-dimensional train structures in the early stage at 15 seconds after their appearances.
The calculations were carried out using the images of two magnificent persistent trains named
Izu and Saku, respectively. The both results show the large-scale spiral with respect to their
parent’s trajectories, though their amplitudes were rather different.

The distance of one spiral period of the each structure was about 7 km along the trajectory
axis and the radius was about 5 km for the Izu and about 2 km for the Saku. The spiral
form implies that the structure is resulted in the atmospheric gravity waves in the mesosphere
region. However, we can clearly see that these large-scale spirals were formed symmetrically
with respect to the fireball trajectory. It can be confirmed especially in the case of train Saku,
which came into the Farth’s atmosphere with the small incident angle due to the low radiant
point at that time: the wave-like structure is formed within the limited altitude region. In the
case of the train Izu in 1998, the radius of 5 km at 15 seconds after its appearance implies that
the train plasma needs to be moved as fast as 300 m/s. This speed cannot be explained only
by the mesospheric neutral wind, so that some other effects caused by the interaction between
the meteoroid and the atmosphere has to be considered.

This interaction should be considered as the followings: the turbulence caused by the
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rapid flow with respect to the injected meteor, the wake structure formed just after of the
collapsing meteoroid, the asymmetrical shape of the meteoroid, the destruction stage of the
fragile structure of the meteoroid. The spin motion of the meteoroid itself might be considered
as the cause, as well. The investigation about the large-scale and small-scale structures of
the persistent meteor train is significant because the information about the meteoroid itself is
included in these structures. More observation results of the persistent train targeted especially
to its small-scale structures, the comparison with model studies and the comparison with the
results of artificial tri-methyl-alminum (TMA) trails released from the sounding rockets (e.g.,
Larsen et al. (1998)) will reveal the detailed mechanism of forming the meteor train structures.

The three-dimensional analyses of the small-scale structures of the persistent meteor train
were not treated here. More simultaneous observations with very high spatial/time reso-
lution using the telephotographic lens are desired for this analysis. Some examples of the
high-resolution images from one observation site have been already obtained in the METRO
campaign during the Leonids periods in 2000 and 2001. These images were worthy for the mor-
phological study by Higa et al. (2002, this issue). The optimum condition of the simultaneous
observation by high-resolution instruments will reveal the current subject.

One more interesting aspect of the persistent meteor train is the tube structure. The
train Saku was seen as the double striation shape. This feature observed in many per-
sistent trains has been assumed and explained by the tube structure (Trowbridge (1907);
Jenniskens and Nugent (2000); Kelley et al. (2000)). The images shown in Fig. 5 (a) and (b)
were observed from the points of A and B plotted on the map of Fig. 4, respectively. These
images clearly show the typical structure of the double striations. Another image of the Saku
is indicated in Fig. 5 (c) and it also shows the shape of double striations. This image was
detected 5 seconds later from the point C on the map. All of the other images of train Saku
with high resolution show the same structure, as well. Thus, the existence of the tube structure
of the persistent meteor train was successfully proved by the simultaneous observations of the
METRO campaign. The important aspect extracted from these color images is that the tube
structures were found in the bluish portion of the train. Although the spectrum of the train is
not treated here, the bluish color implies that it was illuminated by Neutral atoms of Mg, Ca,
and Fe. Hence, it cannot be explained by the tube model of the chemical reaction with FeO
and ozone. It implies that the early-stage persistent train is strongly affected by the interaction
between the atmosphere and the meteoroid materials.

Then, a question is arisen whether the tube structure of the meteor train is general struc-
ture in all cases. The numerous samples of the meteor train obtained in the METRO campaign
show that the single striation structure of the meteor train also exists. The statistical de-
scription about the tube (double striations) or non-tube (single striation) structure derived by
the METRO campaign was shown by Higa et al. (2002, this issue). There seems to be some
unknown effects and/or thresholds of forming the tube structure of the persistent meteor train.
It would be revealed in future analyses.

5. CONCLUSION

Since 1998, the METRO campaign has been carried out focusing on the simultaneous
observation of the persistent meteor train and a lot of images of persistent meteor train were
successfully obtained owing to the kind collaborations by many amateur meteor observers all
over Japan. The first simultaneous observation with more than 10 stations was obtained in
1998 and more results were obtained in 2000 and 2001. In this paper the three-dimensional
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analyses of the persistent train were calculated for the two magnificent examples named Izu
and Saku. The results of the large-scale spiral structures with respect to the parent fireballs’
trajectory imply that the structures were affected not only by the atmospheric gravity waves
but also by the interaction between the atmosphere and the meteoroid. Moreover, the first
experimental proof of the existence of the tube structured persistent train was successfully
made using the advantage of the simultaneous observation form multiple stations. The tube
structure of the bluish portion of the trains was also proved. However, the existence of another
case of the non-tube structure of the meteor train was existed, as well. The METRO campaign
targeted to the specific observation of the persistent meteor train leaded to the largest number
of images and some worthy findings of the meteor train. Future observation campaigns and
analyses might reveal the more information about meteor train and the meteoroid itself.
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Abstract: The persistent meteor train is observed in various forms. It is considered that these
characters are caused by the tube structure of the meteor train, the turbulence along the tube
surface, and the convection in the upper atmosphere. However, because of the upper atmospheric
wind effects and the dissipation process of the meteoric plasma, the structure begins to disappear
as soon as it appears. In Leonids shower 2001, a lot of images of the meteor train were reported
to the METRO (meteor train observation) campaign in Japan: the 242 cases of 134 examples.
We tried to obtain high-resolution images of the meteor train using fast-exposure photograph and
video observation with telephoto lenses, particularly those of 200 mm or longer focal length. Many
train images which indicated some interesting fine structures were successfully obtained by the
METRO campaign during 1998-2001. In this paper, the morphology of the persistent meteor train
just after its appearance is discussed.

1. INTRODUCTION

The meteor train is a plasma glow formed after the appearance of the parent fireball and
continuously luminous for more than a few seconds. There are the persistent meteor trains
that can be seen for more than a few tens of seconds, however, the formation process and the
luminescence mechanism have not been well known yet. The structure of the meteor train
changes its form just after the appearance because of the mesospheric wind and the dissipation
process of its own, so that the structure of the persistent meteor train has not been investigated
so much especially in the early stage of it.

Trowbridge (1907) introduced the several sketches of the train structures observed by naked
eye with binoculars or telescopes in the Leonids period in 1868 or later. In the article, they
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reported that the persistent trains were appeared as the double nucleus form, and the tube
structure of the meteor train was assumed for the explanation of the double nucleus form.
Liller and Whipple (1954) detected several fine sequences of the persistent train using super
Schmidt camera and the images showed the variations of the meteor train as time went by.
Jenniskens and Nugent (2000) analyzed the structures of a persistent train observed simultane-
ously from two sites and showed the knot and loop structures therein and proposed a formation
model of the tube structure. However, there has been no trial with collecting the large number
of images of the meteor train so as to analyze the precise form of the persistent meteor train.

In the METRO (meteor train observation) campaign (Toda et al. (2002, this issue)), we
conducted the observer network targeting to the persistent meteor train all over Japan during
the Leonids period in 2001. Owing to the expected encounter (e.g., McNaught and Asher (1999))
to the meteor storm, the numerous images of the meteor train were successfully obtained in the
METRO campaign. We tried to detect the telephotographic images of the meteor train and it
successfully resulted in many clear structures of the persistent meteor train. In this paper, we
present the morphology of the meteor train with showing the various fine images of the meteor
train structures.

2. METHODS

In the METRO campaign in Leonids 2001, we proposed the following observation methods:
a) Once the meteor train has oppeared, the observer moves the camera to focus it and starts
the exposure sequentially. The sequence should be continued until several seconds after the
disappearance of the train by naked eye. The interval between the exposures is in the range
between 0.5 seconds and a few seconds. The camera with 35 mm film, the digital camera, and
the video camera are recommended to use.
b) In order to detect the fine structures of the meteor train, the short exposure using the
telephotographic lenses is desired. For this reason, 1) The telephotographic lens with its focal
length is more than 100 mm, 2) The large aperture lens with its aperture ratio (F number) less
than 2.8, 3) The short exposure time of 1 or 2 seconds, and 4) The high-sensitivity negatives with
the extended development (final sensitivity should be more than ISO 6400) were recommended.
The examples of the instruments with the selected conditions are shown in Table 1.

Table 1: Examples of the photograph equipment for the meteor train observation with high time res-
olution of 1 second. Wide field lenses listed with asterisk are used for field determination by
being equipped with the telephotographic lenses.

Lens  F ratio Film(ISO) Final sensitivity (ISO)
200 mm F/2.0 Fuji SUPERIA800,1600 3200
300 mm F/2.8 Kodak TMAX3200 12800
400 mm F/3.5 Kodak TMAX3200 9600
«58mm F/1.2 Fuji SUPERIAS00,1600 3200

* 8 mm F/2.0 Fuji SUPERIA1600 6400
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3. RESULTS

During the Leonids period in 2001, the numerous images of the meteor trains were reported
to the METRO campaign: the 242 sequences of 134 independent persistent meteor trains.
Based on the database of the METRO campaign, the morphology of the meteor train was
studied. There are two categories of the meteor train morphology: the single striation or
double striations structure seen in the whole of the train, and the localized fine structures
named as the knot, the spiral, and the mesh. We extracted the number of the samples for the
two categories from the database. The classification results are summarized in Table 2. These
structures are introduced by 7 fine images of 6 persistent meteor trains with the observing
situations of each train in the followings.

Table 2: Classifications of the persistent meteor train for the two categories. (a) Classifications for
striation structures on whole of the train. (b) Classifications for localized structures.

(a)

Single striation Double striations

(Chopsticks)
train 66 36
example 107 64
(b)
Knot Spiral Mesh
train 75 21 6
example 113 24 9

3.1 The persistent meteor train “Saku”

This train appeared at 01:47:24 LT on Nov. 19 over Saku area in Nagano prefecture in
Japan. The parent meteor was one of the brightest fireballs observed with -8 magnitudes. The
persistent meteor train was detected from multiple stations and two clear images simultaneously
observed at an exact time are presented in this paper. These data are used for the three-
dimensional analysis in another work of the METRO campaign (Yamamoto et al. 2002, this
issue).

One image of the train Saku is displayed in Figure 1 (a). The image was observed at
01:47:32 LT by Youiti Ishiduka from Takayama in Gunma pref. The meteor train was seen on
the Taurus and Orion background. The telephotographic lens of 400 mm, F/3.5 was used with
no iris. Black-and-white high-sensitivity negative of ISO 3200 was used and the final sensitivity
was ISO 9600 after the extended development. The exposure time was 1 second. Here, we can
see the clear double striations structure with some knots. Note that the fireball was coming
from top to bottom on the image.

Another image of the train Saku is shown in Figure 1 (b). The image was also observed
at 01:47:32 LT by Satoshi Suzuki from Yachiho in Nagano pref. The meteor train was seen on
the background of Lynx. The telephotographic lens of 100 mm, F/2.0 was used with no iris.
A digital camera (Canon, D30) was used for this observation and the final sensitivity was ISO
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Fig. 1: The persistent meteor train “Saku.” The FOV of images (a) and (b) were 4.2 (horizontally)x3.0
(vertically) degrees and 12.5 x 9.4 degrees, respectively.

1600. The exposure time was 2 seconds. We can also see the clear double striations structure
with some knots. Note that the fireball was coming from bottom right to upper left on the
image.

3.2 The persistent meteor train “Yonezawa”

This train appeared at 02:17:28 LT on Nov. 19 over Yonezawa area in Yamagata pref.
The parent meteor was observed with —6 magnitudes. The persistent train was detected from
multiple stations. One image of the train Yonezawa is displayed in Figure 2. The image was
observed at 02:17:41 LT by Yoshihiro Higa from Naraha in Fukushima pref. The meteor train
was seen on the Perseus. The telephotographic lens of 300 mm, F/2.8 was used with no iris.
Black-and-white high-sensitivity negative of ISO 3200 was used and the final sensitivity was
ISO 12800 after the extended development. The exposure time was 1 second. The clear double
striations shape was seen with the spiral structure from the center to the bottom of the train.
Note that the fireball was coming from top to bottom.

3.3 The persistent meteor train “Morioka”

This train appeared at 04:38:25 LT on Nov. 19 over Morioka area of Iwate pref. The parent
meteor was —6 magnitudes. The image shown in Figure 3 was detected at 04:38:33 LT by
Yoshihiro Higa. The observation site and conditions were the same as those of Yonezawa train.
The train was seen on the Draco. In this case, the single striation was seen with the spiral or
knots structure along whole of the train. The fireball was coming from top to bottom.

3.4 The persistent meteor train “Shimonita”

This train appeared at 04:55:47 LT on Nov. 19 over Shimonita area in Gunma pref. The
parent meteor was seen at —5 magnitudes. The persistent meteor train was detected from
multiple stations. The image shown in Figure 4 was observed at 04:55:53 LT by Masayuki Toda
from Ohizumi in Yamanashi pref. The train was seen on the Ursa Major. The telephotographic
lens of 200 mm, F/2.0 was used with no iris. Color high-sensitivity negative of ISO 800 was
used and the final sensitivity was ISO 3200 after the extended development. The exposure time
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Fig. 2: The persistent meteor train “Yonezawa.” FOV was 5.2 x 4.4 degrees.

Fig. 3: The persistent meteor train “Morioka.” FOV was 5.2 x 4.2 degrees.

was 1 second. The single striation shape was seen with the knots at the arrowed points on the
image. Note that the fireball was coming from right to left.

3.5 The persistent meteor train “Takaoka”

This train appeared at 04:49:31 LT on Nov. 19 over Takaoka area in Toyama pref. The
parent meteor was —10 magnitudes. The persistent meteor train was detected from three
stations. The image shown in Figure 5 was observed at 04:49:40 LT by Masayuki Toda. The
observation site and conditions were the same as those of Shimonita train. The meteor train
was seen on the Perseus. The single striation shape was also seen with the knots or the mesh
structure whole of the train. Note that the fireball was coming from right to left.
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Fig. 4: The persistent meteor train “Shimonita.” FOV was 2.7 x 2.1 degrees.

Fig. 5: The persistent meteor train “Takaocka.” FOV was 2.5 x 1.9 degrees.

3.6 The persistent meteor train “Saeki”

This train appeared at 04:05:27 LT on Nov. 19 over sea area a little offing from Saeki, Oita
pref. The parent meteor was —5 magnitudes. The persistent meteor train was detected by Kouji
Maeda from single station at Tsuno in Miyazaki pref. using a NTSC type CCD video camera
(NEC, TL-123A) with an image intensifier (HAMAMATSU, V1366P). The image sequence
shown in Figure 6 was obtained by averaging of 4 individual video frames centered at 04:06:25,
04:06:35, and 04:06:45 in the local time, respectively. The time resolution was about 0.13
seconds each. The meteor train was seen on the Ursa Major. The telephotographic lens of 400
mm, F/2.8 was used with no iris. The double striations shape was seen with the clear mesh
structure on the image. Note that the fireball was coming from right to left.
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Fig. 6: The persistent meteor train “Saeki.” FOV was 3.4 x 1.6 degrees each.

4. DISCUSSIONS

The morphology of the persistent meteor train was investigated using the numerous image
examples of the meteor train reported to the METRO campaign, and the several specific
characters of the train structure were found. At first, there were two types of the whole
structure of the meteor train, that is, the single striation style and the double striations (or the
“chopsticks”) style. The double striations structure was introduced from the early works at the
beginning of the last century (e.g., Trowbridge (1907)) and has been studied in the recent works
(e.g., Jenniskens and Nugent (2000)) with some explanations of the formation mechanism of a
tube structure, however, the question is still opened.

In the METRO campaign, we successfully obtained many images simultaneously observed
from multiple stations. The existence of the tube structure of the persistent meteor train was
experimentally proved in by Yamamoto et al. (2002, this issue) using the several fine images
simultaneously observed from the different viewpoints. Thus the double striations style often
seen on the meteor train images found to be explained by the tube structure. Otherwise, the
single striation style could be considered as the non-tube structure.

Another category in the morphology of the persistent meteor train was determined as the
localized structure on the meteor train: the knot, the spiral, and the mesh structures. The
knot was frequently seen in group and the most typical structure of this category. It was seen
as the thick part of the train or the bulged part on train’s external wall. The spiral structure
previously pointed out by Shigeno et al. (1998) was also confirmed in the METRO campaign.
It was seen as corkscrew shape of the train itself. More complicated structure like the fabric
textile was newly found in this study and was named as the mesh. Note that these localized
structures could be seen on the both styles of the single and double striations. The turbulence
on the train’s wall due to the interaction between the dissipating meteoroid materials and the
atmospheric particles should be considered as the causes of these localized structures. The
spin motion of the meteoroid itself and the wake formation process just after the precipitating
meteoroid are also the considerable generation sources.

The fine structures presented here is very difficult to observe because the persistent meteor
trains are very rarely seen. Moreover, the structures begin to disappear within a short period
due to the diffusion process of the train plasma and the blessed-out process by the mesospheric
wind. Thus, the samples of the persistent trains have been too limited to investigate the
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morphology.

The METRO campaign is the first trial to obtain the large numbers of images of the persis-
tent meteor train simultaneously during the meteor shower periods by collaborations with the
amateur observer network. It revealed the morphology of the persistent meteor train in success
especially from the collected data in Leonids 2001. Moreover, the first observation of the very
fine structures of the meteor train in the early stage was successfully carried out by the sev-
eral trained observers using the telephotographic lenses with high-sensitivity equipments. The
results shows that the observation campaign with the successful broadcasting of the optimum
condition to many earnest collaborators has an advantage for the detection of rarely appeared
persistent train. '

5. CONCLUSION

In the METRO campaign in Japan, the 242 sequences of the 134 persistent meteor trains
were successfully observed during the Leonids period in 2001. It revealed the morphology of the
persistent meteor train especially in the early stage. Both of the single and double striations
styles were confirmed, concerning with the tube and non-tube structures, respectively, as well
as the very fine localized structures of the train plasma were found as the knot, the spiral, and
the mesh forms. The turbulence on the train’s wall and the motion of the incident meteoroid
are considerable as the generation sources of these fine structures. Comparing with the recent
modeling and theoretical studies, these results can contribute to the future studies of the
persistent meteor train and the meteoroid itself as well as the interaction process between the
meteoroid and the mesospheric atmosphere.
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Abstract: For the purpose of working group, Real?Universe, we observed and made an exciting
movie of Leonid meteor stroms in Nov. 18, 2001. In this movie there are lots of meteors and
many meteoric trains crossing beautiful night sky. To check the possibility of this observational
procedure, we tried to derive some scientific results from this educational movie. For meteors,
we could obtain the activity profile of Leonid meteor storm. And for meteoric trains, we got
various sample of appearance change, derived moving velocity of them, and found some correlation
between meteors and meteoric trains. Although this observation is made of educational purpose,
we can obtained valid results. If you pay more attention for observation procedure, more accurate
information could be obtained by this observation. Therefore, we conclude that this observation
technique has a potential for scientific use and mention about some idea of observation for next
Leonids.

1. INTRODUCTION

To make many people become familiar with starry sky and have interests in universe, we

established a research working group named ‘Real? Universe’ in spring of 2000 and have been
made several contents. We are mainly active to make movies about astronomical phenomena,
which is, for example, a diurnal motion, motion of planet and so on. The movies are opend to
public on our Web page (http://www.obs.jp/links/RealUniverse/index-e.html) and on
some occasions to present our results at research conferences or publications. Not only movie
itself also descriptions of how to make a movie is important our contents (Ishikawa et al. 2002).

Based on an educational view, to show an unusual but remarkable phenomenon is a very

good opportunity to make people have an interest in that. The Leonids is one of the most
known and exciting astronomical phenomenon, due to strong meteor storm which is originated
from a comet, 55P /Tempel-Tuttle. This is thought to be a good target for achieving aims of our
activity. Therefore, we observed and made a movie of the Leonids 2001 by our own procedure.

* Misato Observatory, Matsugamine, Misato, Wakayama 640-1366, JAPAN.
t Faculty of Education, Wakayama University, 930 Sakaedani, Wakayama 640-3930, JAPAN.
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2. OBSERVATION AND DATA TRANSFORMATION

We made an observation in the night of Nov. 18, 2001. Observed location is Misato
Observatory, Wakayama pref., where is a suburb of Osaka (34 deg 9'N, 135deg 28 E, H = 420m).
To take images having a strong sense of reality, we used an electric-cooled color CCD camera
(Bitran Co., type BJ-31C) along with a C-mount camera lens (f= 3.5mm, F1.4, type TC3514,
by TOKINA Co.). This system gives south sky images whose field-of-view of 100 deg x 60 deg.
Therefore, image contains terrestrial scenery in a view and you may easily understand the
bearings in the image.

This system is controlled by an exclusive software installed in a personal computer. The
exposure time is setted as 40 seconds and the interval timing of taking image as 1 minute.
Following these setup item, the control software takes images continuously. We called this
photographing procedure as ‘slow speed photograph’. The obtained data which is FITS format
is stored in computer automatically.

Many obtained still images are transformed into movie by an editing software. Movie editing
software is a software for taking in movies shooted by video camera, editing them as you wish
and making a new movie. Recently it is called a non-linear movie editing software. In this
software, one still image is allocated to several frames, from 3 to 10 frames (from 0.1 to 0.3
second) is suitable value. By this transformation, an output new movie is shown an appearance
of one night within just about one minute.

3. RESULTS

In our movie about Leonid meteor storm 2001, not only many meteors also meteoric trains
are seen. To count meteors and meteor trains, we inspected each image by three people inde-
pendently. After that, for meteor trains, we made a cross-check by all inspectors. The results
and characters of these are mentioned as follows.

3.1 Leonid meteors

In order to check a time variation of number of meteors, meteors are counted by each
observed frames. The counted number is added for smoothing. The plot of time variation is
shown in Fig. 1. In this figure, an abscissa is a universal time (UT) of November 18 and an
ordinate is a count of meteors in each 10 minutes. More precisely, it is a count in two-thirds
of 10 minute. Because, one-thirds of total time is used not for exposure, but for reading out
data. Although it is just a count, not hourly rate (HR) or zenithal hourly rate (ZHR). We can
see that the number is increasing toward the prediction peak time, around 18:00. After the
first peak, the number is fallen suddenly and rise up quickly. And then, it decreases slowly.
But unfortunately, we cannot point out the observed peak time correctly, because the time of
operating PC was not correct at observation.

We could obtain the activity profile of Leonid meteor storm from our educational movie,
although it has some uncertainty about observational time. So we may say that about meteor
activity we got just a qualitative results. To obtain quantitative results from these data such as
HR/ZHR of meteors, we should pay attention to time accuracy of PC, viewing angle of image,
and so on. We will mention these point later.
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Fig. 1: This plot is a time variation of Leonid meteor storm 2001. An abscissa is a universal time (UT)
of November 18 and an ordinate is a count of meteors in each 10 minutes.

3.2 Leonid meteoric trains

As we mentioned previously, we made an inspection by three people independently. We
searched objects which is suddenly appeared and is seen at almost the same position in next
image, until we could not recognize in the image. After inspection, to pick up more reliable
meteoric trains, we made cross-check by all inspectors. And here we show two plots about a
trend of appearance of meteoric trains. The lower graph (Fig. 2b) is shown when a meteor
train is appeared and how long it is lasting, and upper (Fig. 2a) is a time variation of frequency
of meteor trains.

[+ ]
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The Number of meteor-train.
h
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Fig. 2: Two plots about meteoric trains are shown. Upper (2a) displays a time variation of frequency of
meteor trains, and lower (2b) indicates when trains are appeared and how long they are lasting.
Abscissa of both graph is time of UT. The ordinate upper graph is a number of trains appeared
in every 10 minutes, on the other hand, the ordinate of lower is arbitrary.
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First, we consentrate the lover plot (Fig. 2b). Abscissa of this graph is time of UT and the
ordinate is arbitrary. Here is all trains we inspected in the movie. Each bar represents one
meteoric train. Longer bar means that the train is seen in long time. As you see in this graph,
27 meteor trains are shown here. All of them are seen in more than 2 frames of images, i.e.,
it is lasting more than 20 seconds. So they are thought to be persistent meteor trains. You
may find there is several trains which is lasting more than 10 minutes. Moreover, the longest
meteoric train we detected is lasting over one hour! This is an exceptional phenomenon. As
far as we know this is one of the longest persistent meteoric train.

The upper graph (Fig. 2a) shows a time variation of frequency about meteoric trains.
Abscissa is UT and ordinate is a number of trains appeared in every 10 minutes, this is the
same as Fig. 1. We counted only at an appeared instant of meteoric train. Although the total
number i8 not so large, you may see that the number is obviously large after the predicted peak
time.

In order to discuss correlation between meteors and meteoric trains, the time variation of
meteor trains is over-plotted on the plot of meteors (Fig. 3). Abscissa is UT and ordinate is a
number in every 10 minutes, left one is for meteors and right for trains. Backward gray column
represents meteors and forward white as meteoric trains. Around predicted peak time both
data shows peak number and after the peak both shows more number than before peak. From
this plot, we may say that there is some correlation between meteors and meteoric trains.
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Fig. 3: In order to show correlation between mateors and meteoric trains, the time variation of meteor
trains is over-plotted on the plot of meteors. Abscissa is UT and ordinate is a number in every 10
minutes, left one is for meteors and right for trains. Backward gray column represents meteors
and forward white as meteoric trains.

3.3 Seven distinct meteoric trains

Among all 27 meteoric trains, 7 trains are found by all three inspectors. In other word,
these 7 meteoric trains are distinct and remarkable. We mention these hereafter. These 7
meteoric trains are listed in Table 1. As shown in Fig. 4, we obtained various sample of
appearance change of meteoric trains. In the movie a moving direction of them is not the
same, by appearing time and position in the sky.

We derived moving velocity of these meteoric trains. Since our observation was made at
only one location, we cannot decide accurate positional information about these phenomenon.
Therefore, we suppose a height of them as 100 km above sea level. Each derived velocities of
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Table 1: Seven distinct meteoric trains.

ID start duration  velocity
(UT) (minutes) (km/sec)

1 16:13 8 6.3
2 16:38 61 4.6
3 1736 20 2.0
4 1814 16 2.9
5 18:30 4 3.6
6 18:36 20 3.3
7 18:40 16 5.4

" I -
No.4 No.5 No.6 No.7

Fig. 4: Appearance variation of 7 distinct meteoric trains from observed images is shown. Each frames
are not the same spatial scale.

trains are shown in Table 1. They are several times 10 m/sec or several km/sec. They are valid
value when comparing with results from other instruments.

By assuming the height of trains, we can get each position of them. Moreover, we can change
a viewing angle to see a meteoric train. For example, we will show the aspect of movement
of the longest trains watching from the upper sky (Fig. 5). Each line represents one meteor
train at different time and time-step of them is 5 minutes. The origin of figure is observation
location and one grid is 50 km. Top is southward and left is eastward. Not only this train, all
of these moving from top (south) to bottom (north). From these plots, we can see how spreads
the meteor train with time. .

4. SUMMARY AND CONCLUSIONS

We observed night sky of the Leonid meteor storm 2001, obtained many images, and made
an exciting movie of it. From this educational movie, we succeeded to derive some results






