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Abstract

As a result of the meteor train observation (METRO) campaign in 1998-2002, statistically sufficient num-
bers of persistent meteor train images of the Leonids were obtained by Japanese amateur observers. The image
archive now contains images of 439 sequences for 176 persistent meteor trains, including 53 multiple-site simulta-
neous observations. During the first systematic observation campaign for the imaging of persistent meteor trains,
many amateur observers were able to capture images of persistent train structures with sufficient accuracy through
the use of a photographic/video observation technique established at the onset of the METRO campaign.
Promotion of the campaign to collaborators resulted in the multiple detection of these extremely rare phenomena
during the Leonid storms in the East Asia region in 2001. The high temporal and spatial resolution of the archived
images makes the catalogue invaluable for statistical studies of persistent train morphology, event studies of mete-

or train plasma and upper atmospheric science.
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1. Introduction

Statistically sufficient numbers of images of persistent
meteor trains have proved difficult to obtain due to the
extreme rarity of these phenomena. Although many
researchers have reported observations of persistent trains
over the last century (e.g. Trowbridge 1907, Liller and
Whipple 1954, Baggaley 1977, Shigeno et al. 1998,
Jenniskens et al. 2000, Abe et al. 2003, Borovicka and Koten
2003, Suzuki 2003), the investigation of even basic mor-
phologies has yet to be performed in any detail. In the period
of 1998-2002, many persistent trains were observed during
Leonid meteor storms due to the establishment of the meteor
train observation (METRO) campaign in Japan as a well-
integrated observation campaign targeting persistent meteor
trains. Through the successful cooperation of skilled amateur
observers and recent advancements in imaging instrumenta-
tion, the first statistically adequate number of images of per-
sistent meteor trains were obtained. As an archive of valu-
able data for future studies, an image catalogue of Leonid
meteor trains has been created and is presented in this paper.

Leonids activity was elevated in 1998-2002 due to the
return of the parent comet 55P/Tempel-Tuttle to perihelion
in 1998. Corresponding to the encounter with multiple dust
trails, Japan and East Asia encountered a Leonid meteor
storm of ZHR = 4520 at 18:10 UT on Nov. 18 (3:10 JST on
Nov. 19), 2001 (Ogawa and Uchiyama 2001). As the
Leonids have a high incidence velocity of 71 kms™!, the
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appearance of persistent meteor trains of Leonids occurs
much more often during Leonids events than during other
meteor showers. Although Leonid meteor storms have been
reported historically, the rate of Leonid persistent train
appearance was unknown due to the lack of a concerted
observation campaign aimed at meteor train imaging. The
perihelion passage of the parent comet of the Leonids thus
provided an important opportunity for meteor train imaging.
The METRO campaign was initiated in 1998 with the objec-
tive of obtaining multiple-site observations of meteor trains
with high spatial and temporal resolution in order to allow
the height, three-dimensional structure and motion of persis-
tent meteor trains to be resolved. The meteor train images
were also expected to be useful for study of the upper atmos-
pheric wind system.

The METRO campaign was aimed at amateur
observers, raising awareness as to the importance of highly
integrated observations of persistent meteor trains through
high-resolution imaging. The campaign resulted in the col-
lection of much useful information regarding meteor train
morphology. Observation of persistent train events and
rapid, repeated photography or video imaging of the lumi-
nescence through manual techniques proved to be effective
for capturing the intrinsic motion of the meteor trains and the
diffusion speed in the upper atmosphere. For events that
were observed and captured at multiple sites, precise heights
and three-dimensional structures can be determined for the
moving persistent trains.

In the past, observations of meteor trains by Japanese
amateur observers (Toda et al. 2004) have demonstrated the
good observation skills of amateur observers, and these
skills were put to good use during the 1998-2002 period
when the frequency of these extremely rare phenomena
increased. As a result, the METRO campaign recorded many
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scientifically useful results, again demonstrating the good
skills of the collaborators. During the campaign period in
1998-2002, more than 439 image sequences including 53
multiple-site observations and 123 single-site observations
were submitted to the METRO campaign. Prior to the
METRO campaign, precision investigations of the heights
and structures of persistent trains were limited in number.
The image catalogue of persistent meteor trains created dur-
ing the METRO campaign therefore provides a new opportu-
nity to determine these features statistically. In this paper,
the observations are listed and examples of the images are
presented. The complete set of image sequences and video
observations will soon be available via the internet
(Yamamoto et al. 2005).

2. Observation methods

Meteor trains were photographed by still imaging using
film and digital cameras and by video imaging. The most
common technique for capturing meteor train images
involved 1) manually targeting and photographing the mete-
or train upon appearance, 2) precise recording of the appear-
ance time of parent fireballs and the timing of each snapshot,
3) recording of the magnitude of the fireballs and the back-
ground constellations, and 4) recording of the local coordi-
nates of the observation site. This method was carefully
reviewed before the METRO campaign on the basis of past
observation examples. The largest numbers of observations
were recorded in 2001 when Japan and East Asia encoun-
tered the largest meteor storm of this period.

2-1. Still imaging (film and digital cameras)

As persistent meteor trains in the upper atmosphere
undergo rapid diffusion, short exposures of imaging are
important for obtaining high-quality detailed images of per-
sistent train structures. The use of lenses with long focal
length is also important for high-resolution imaging of the
events, and wide-aperture lenses and high-sensitivity film
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Fig. 1. An example of photographic camera with a 300 mm telepho-
to lens for meteor train imaging. A camera with a 300 mm
F=2.8 telephoto lens was equipped with another camera with
a 50 mm lens. The 300 mm telephoto lens was used for fine
imaging, whereas, the 50 mm one was available in determin-
ing the whole structures of meteor trains as well as the back-
ground constellation field. Synchronous timings of expo-
sures should be applied for the two-cameras system.

are necessary for high-quality imaging of the faint lumines-
cence. As repeated short-exposure photographs or video
imaging allow the complex motion of persistent trains to be
resolved, image sequences were obtained by the following
technique during the METRO campaign: 1) Use of a tele-
photo lens with focal length of over 200 mm, 2) use of a
wide-aperture lens of F = 2.8 or brighter, 3) taking short
exposures of less than 4 s, and 4) using film with a total sen-
sitivity of ISO = 12,800 for monochrome film and ISO =
6400 for color film, after the quadruple intensifying treat-
ment. Digital devices, such as charge-coupled device (CCD)
and complementary metal oxide semiconductor (CMOS)
cameras, although undergoing rapid development in terms of
sensitivity and resolution in those years, were also used to
capture the faint luminescence of meteor trains. However,
the resolution of digital devices was lesser than that of 35
mm film at that time.

These observation techniques were evaluated during the
METRO campaign and were adjusted during the observation
period. For example, in 1998, a 4 s exposure using a 200 mm
lens was deemed acceptable, but in 2001 the use of a 1 s
exposure time and 400 mm telephoto lens was suggested.
Figure 1 shows an example of the photographic instrumenta-
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Fig. 2. An example of the video observation system for meteor train

imaging. It consisted of a 400 mm telephoto lens for 35 mm
film camera, a 1-inch L.I. (whose gain is 50,000 times), a
pair of relay lenses, and a 1/2-inch monochrome CCD video
camera. The LI. was equipped at the focal plane of the 400
mm lens and output light was guided to the video CCD
using the relay lens system. The combined focal length was
about 550 mm. Recording media was a "Hi8" type analog
videotape. A fork type platform for vertical and horizontal
motions with free-stop capabilities was used.
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tion used. Time keeping within 1 s error was realized
through the use of time signals transmitted by short-wave
radio or determined using a global positioning system (GPS)
receiver.

2-2. Video imaging

Digital video imaging, while limited in spatial resolu-
tion, is effective for detecting the rapid motion of persistent
meteor trains. Compared with photographic imaging, digital
video imaging has the advantage that sequences of highly
fixed snapshots can be obtained easily at high temporal reso-
lution of 1/30 of a second per frame, as well as allowing for
extended recording times. Film imaging is limited in terms
of film length, which may be of particular concern when tak-
ing repeated images at short exposure times. Digital video is
also limited in terms of color sensitivity, which is lower than
for film except for highly integrated video cameras for pro-
fessional broadcasting (Tanioka et al. 2003). For example,
while bright meteor trains can be detected by a CCD video
camera, a video camera with an image intensifier (I.I.) is
able to detect the fine structure of faint train luminescence
more clearly. An example of a video system is shown in fig-
ure 2. A video monitor is typically used for quick and secure
aiming at the faint luminescence. Video recorders were sug-
gested to be in constant operation during observation in
order to detect the "flash" timing of fireball appearances and
thereby allow accurate times of observations to be success-
fully recorded. Time keeping for video imaging followed the
same procedure as for still imaging.

3. Results

The METRO campaign was widely announced to ama-
teur observers in Japan through astronomical news for the
general public, scientific workshops and meetings, and the
campaign website itself (Yamamoto et al. 1998). During the

Table 1.

5-year period of the METRO campaign for Leonids observa-
tion, a nationwide network of observers was successfully
established (Toda et al. 2003). The accuracy of meteor storm
prediction was also improved during this period by account-
ing for encounters with multiple dust trails (McNaught and
Asher 1999), making it possible to specify in detail the date
and time of observation.

The image sequences reported in the 1998-2002 period
are listed in Table 1. In 1998, 5 trains were observed by 20
observers, including one bright and long-lasting persistent
train generated by a —8 magnitude fireball. In 1999, 7 trains
were reported by 7 observers, and in 2000, 2 trains were
photographed by 17 collaborators. In 2001, as predicted by
several researchers (e.g. Asher and McNaught 2000,
Lyytinen and Van Flandern 2000), a vigorous Leonid meteor
storm was observed over Japan (and also in East Asia),
resulting in the successful recording of 154 persistent trains
throughout Japan under the clear sky condition. In 2002,
according to the storm predictions in European and
American region (e.g. McNaught and Asher 2002,
Vaubaillon 2002), 10 observers including earnest observers
who visited Spain and the USA obtained 8 train results.

Examples of high-quality image sequences are displayed in
figures 3 to 5. Figure 3 shows sequences of fine color
images, figure 4 shows examples of sequences of grayscale
and middle-level color images, and examples of video
sequences are shown in figure 5.

The 439 observations of Leonid persistent trains
obtained between 1998 and 2002 in Japan are listed in Table
1, showing the observation date and time, the observer, the
number of obtained images, the focal length f and F-number
of the lens used, the observation site (city or town, prefec-
ture), and the image sequence code. The example images
presented in this paper are only a small fraction of the vast
data set collected during the METRO campaign. The full set

List of archived persistent trains. All cases (439 sequences for 176 trains) were observed in Japan during 1998-2002, except for No. 463-469 observed in Spain and No. 470-474 in

U.S.A. The results include 53 groups of simultaneous observation from multiple sites (indicated by 'bold' train numbers). Images archived in figures 3 to 5 are numbered by 'No." and 'Tmages'
of this table. Code of each image sequence is labelled by the rule described as the text of subsection 3.1. Though the number listed in the column of 'Tmages' means whole obtained samples, not
every image was archived in figures 3 to 5.

No. Train  Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
38 M.Toda 36 200 20 Gotemba, Shizuoka L 199811180413 _todamasal1CFO01 3-01
39 J. Komoriya 8 105 2.0 Misato, Gunma L 199811180413 _komoriyalCF01 3-01
40 A. Ohbayashi 7 100 20 Ogasa, Shizuoka L 199811180413 _ohbayash1CF01 3-01
41 NHK LI color HDTV video - - Gotemba, Shizuoka L 199811180413 _nipponho1CV01 3-02
42 J. Aizawa 19 200 28 Miwa, Tbaraki L 199811180413 _aizawajol1CFO1 3-02
43 S. Uchiyama 37 85 1.4 Awano, Tochigi L 199811180413 _uchiyamalCFO01 3-02
44 H.Yamanaka 8 85 1.8 Amagi-yugashima, Shizuoka L 199811180413_yamanaka1CF02 4-01
45 N. Shitara 15 50 1.7 Miwa, Ibaraki L 199811180413 _shitaran1CF01 4-01
46 Y. Shigeno 5 300 28 Miyagi, Gunma L 199811180413_shigenoy1CF01 4-01
47 30 Nov. 18, 1998 2:13:55 425 M. Oba 3 24 28 Amagi-yugashima, Shizuoka L 199811180413 _obamasah1CF01 4-01
48 Y .Takeda 21 50 20 Asahi, Ibaraki L 199811180413 _takedayalCF01 4-01
49 Ma. Kobayashi 13 85 14 Oizumi, Yamanashi L 199811180413 _kobayash1CF01 4-02
50 N. Kurita 10 50 14 Oizumi, Yamanashi L 199811180413 _kuritanalCF01 4-02
51 B. Suzuki CCD (CV-04) 20 50 14 Otaki, Saitama L 199811180413 _suzukibu1MDO1 4-02
52 S. Takemoto LL + video video 28 - Narusawa, Yamanashi L 199811180413 _takemoto1MV01 5-01
53 K. Karasaki LI + video video 135 35 Miura, Kanagawa L 199811180413 _karasaki1Mv01 5-01
54 M. Fujita 1 50 14 Miwa, Ibaraki L 199811180413 _fujitami1CFO1 -
55 M.-Y. Yamamoto 5 105 1.8 Bato, Tochigi L 199811180413 _yamamoto1CFO01

56 C. Tanaka 6 50 14 Shimonita, Gunma L 199811180413 _tanakach1CF01

57 H. Minegishi 1 50 - Mishima, Shizuoka L 199811180413 _minegish1CFO01

58 31 Nov. 18, 1998 about 04:30 N. Shitara 3 50 1.7 Miwa, Ibaraki L 199811180430_shitaran1CFO01 -
59 N. Shitara 15 50 1.7 Miwa, Ibaraki L 199811180444_shitaran1CFO01 4-02
60 3 Nov. 18, 1998 4:44:00 +30s J. Aizawa 14 200 28 Miwa, ]bal‘?lk.i L 199811180444 _aizawajo1CFO1 4-02
61 M.-Y. Yamamoto 5 105 1.8 Bato, Tochigi L 199811180444 _yamamoto1CFO1 -
62 K. Karasaki LI + video video 135 35 Miura, Kanagawa L 199811180444 _karasaki1MvO1 5-01
63 33 Nov. 18, 1998 4:59:30 £30s J. Aizawa 1 200 28 Miwa, Ibaraki L 199811180459 _aizawajol1CFO1 -
64 34 Nov. 18, 1998 5:06:30 +30s J. Aiz.awa 5 200 28 M‘iwa, Ibaraki L 199811180506 _aizawajo1CFO01

65 N. Shitara 4 50 1.7 Miwa, Ibaraki L 199811180506 _shitaran1CFO01 -
66 S. Suzuki 12 85 12 Kobuchizawa, Yamanashi L 199911190136_suzukisalCF01 4-03
67 35 Nov. 19, 1999 1:36:22 425 K. Kobayashi 3 50 28 Seki, Mie L 199911190136_kobayask1CFO01 4-03
68 K. N: i 3 85 1.4 Kasagi, Kyoto L 199911190136_nagashim1CF01 4-03
69 36 Nov. 19, 1999 2:00:30 £30s T. Kuroda 1 85 1.2 Minamimaki, Nagano L 199911190200_kurodato1MFO1 -
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No. Train Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
70 S. Suzuki 12 85 12 Kobuchisawa, Yamanashi L 199911190231 _suzukisalCFO1 4-03
71 37 Nov. 19, 1999 2:31:00 *2s T. Kuroda 1 85 12 Minamimaki, Nagano L 199911190231 _kurodato1MFO1 4-03
72 4 85 12 Minamimaki, Nagano L 199911190231 _kurodato2CF01 -
73 38 Nov. 19, 1999 3:32:24 +2s M. Toda 18 200 2.0 Oyama, ‘ L 199911190332_todamasal1CF01 4-04
74 39 Nov. 19, 1999 4:04:32 +2s T. Kuroda 2 85 1.2 Minamimaki, Nagano L 199911190404 _kurodato2CF01 -
75 T. Ichikawa 1 50 14 Yasuura, Hirosima L 199911190426 _ichikawal1CF01 4-04
76 4 Nov. 19,1999 4:26:24 £25 K. Maruoka 12 50 14 Kainan, Tokushima L 199911190426_maruokak1CFO1 404
77 41 Nov. 20, 1999 5:00:33 425 T. Kuroda 12 50 1.4 Minamimaki, Nagano L 199911200500_kurodato2CF01 -
78 Y. Higa 37 50 20 Yamamoto, Miyagi L 200011190335 _higayosh2CFO1 3-03
79 : 17 300 28 ‘Yamamoto, Miyagi L 200011190335_higayosh1MFO1 4-05
80 M.-Y. Yamamoto 24 105 1.8 Yamamoto, Miyagi L 200011190335_yamamoto1CF02 3-03
81 T. Ozaki 6 50 14 Miwa, Ibaraki L 200011190335 _ozakitoy1CF01 3-03
82 M. Nakamura 10 105 28 Ogawa, Tochigi L 200011190335_nakamural1CFQ01 3-03
83 H. Okayasu 18 50 2.0 Shiraoka, Saitama L 200011190335_okayasuh1CF01 4-04
84 S. Uchiyama 3 50 20 Makabe, Ibaraki L 200011190335_uchiyamal1CF01 4-04
85 M. Uehara 10 50 1.4 Yamamoto, Miyagi L 200011190335 _ueharami1CF01 4-05
86 42 Nov. 19, 2000 3:35:31 £2s F. Kanno 18 180 28 Oshika, Miyagi L 200011190335 _kannofum1CFO1 4-05
87 A. Yoshida 4 50 1.8 ‘Yamamoto, Miyagi L 200011190335_yoshidaa1CF01 4-05
88 Y. Sato 4 28 25 Ogoe, Fukushima L 200011190335_satoyosh1CF01 4-05
89 M. Saito 17 50 14 Yamamoto, Miyagi L 200011190335_saitomas1CF02 4-06
90 R. Ikeshita 12 50 14 Yamamoto, Miyagi L 200011190335_ikeshita1CF01 4-06
91 Ma. Sato 1 135 20 Kitakami, Miyagi L 200011190335_satomako1CFQ1 4-06
92 F. Futaba 2 50 1.4 Misaki, Chiba L 200011190335_futabafulCFO1 4-06
93 H. Saeki 1 - - Namie, Fukushima L 200011190335 _saekihir1CFO1 4-06
94 S. Shibuya 2 50 1.2 Kamikawa, Saitama L 200011190335_shibuyas1CF01 4-06
95 43 Nov. 19,2000 5.08:15 25 M.-Y. Yamamoto 3 105 1.8 ‘Yamamoto, Miyagi ) L 2000111 90508_yamam?tc.:1 CFO1 4-07
96 Mi. Sato 2 28 28 Narusawa, Y 1 L 200011190508 _satomiki1CFO1 4-07
97 44 Nov. 16, 2001 2:02:30 +30s M. Koishikawa 25 - - Sendai, Miyagi L 200111160202 _koishikalCFO1 -
98 45 Nov. 18, 2001 23:54:05 25 S. Suzuki CMOS (D-30) 2 100 20 Yuchiho, Nagano L 200111182354_suzuk1:sa1cD01 4-07
99 2 100 20 Yachiho, Nagano L 200111182354 _suzukisa2CFO1 -
100 R. Ikeshita 11 135 28 Yamamoto, Miyagi L 200111190050_ikeshita1CF01 4-07
101 46 Nov. 19,2001 0:50:31 +2s N. Ogura 17 100 2.0 Samegawa, Fukushima L 200111190050_oguranob1CF01 4-07
102 S. Sugimoto LI + video video 85 12 Nasu, Tochigi L 200111190050_sugimoto1MVO1 5-02
103 o Nov. 19, 2001 0:56:17 <25 S. Suzuki CMOS (D-30) 8 100 20 Yachiho, Nagano L 200111190056_suzukisa1CDO1 4-08
104 8 100 2.0 Yachiho, Nagano L 200111190056_suzukisa2CFO01 -
Table 1. (continued)
No. Train Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
105 S. Suzuki CMOS (D-30) 11 100 20 Yachiho, Nagano L 200111190106_suzukisa1cDO1 4-08
106 48 Nov. 19,2001 1:06:28 +2s 9 100 20 \.(ach{ho, Nagano. L 200111180106_suzukisa2CF01 -
107 M. Toda 12 58 12 Oizumi, Yamanashi L 200111190106_todamasa2CF01 4-08
108 H. Okayasu 10 50 14 Shobu, Saitama L 200111190106_okayasuh1CF01 -
109 49 Nov. 19, 2001 1:07:39 £2s N. Ogura 18 100 2.0 Samegawa, Fukushima L 200111190107 _oguranob1CF01 4-08
110 K. Maeda LL + video video 400 28 Tsuno, Miyazaki L 200111190116AmaedakoulMVvO1 5-02
111 50 Nov. 19,2001 1:16:18 £5s N. Tanaka 3 50 14 Tsuno, Miyazaki L 200111190116AtanakanalCF01 -
112 Misato Obs. Color CCD (BJ-32¢) 8 3.5 14 Misato, Wakayama L 200111190116Amisatoob1CcD0O1 -
113 M. Owada 5 85 14 Haruno, Shizuoka L 200111190116Bowadamin1MFO1 4-09
114 Y. Yoshino 11 135 20 Otaki, Saitama L 200111190116Byoshinoy1CF01 4-09
115 M. Toda 37 58 12 Oizumi, Yamanashi L 200111190116Btodamasa2CF01 4-09
116 51 Nov. 19, 2001 1:16:54 +2s S. Suzuki CMOS (D-30) 8 100 20 Yachiho, Nagano L 200111190116BsuzukisalcD01 4-09
117 3 100 20 Yachiho, Nagano L 200111180116Bsuzukisa2CF01 -
118 N. Kurita 5 180 25 Oizumi, Yamanashi L 200111190116BkuritanalCF01 4-09
119 S. Amikura 5 200 40 Gozenyama, Ibaraki L 200111190116Bamikuras1CFO1 -
120 52 Nov. 19, 2001 1:22:16 +2s S. Suzuki CMOS (D-30) 3 100 20 Yachiho, Nagano L 200111190122_suzukisalcDO1 4-10
121 N. Kurita 4 180 2.5 Oizumi, Yamanashi L 200111190136_kuritanalCF01 4-10
122 Ma. Kobayashi 7 85 14 Oizumi, Yamanashi L 200111190136_kobayash1CF01 4-10
123 M. Toda 16 200 4.0 Oizumi, Yamanashi L 200111190136_todamasalCF01 4-10
124 30 58 12 Oizumi, Yamanashi L 200111190136_todamasa2CF01 4-10
125 2p Y. Natsume 8 135 28 Shitara, Aichi L 200111190136_natsumey1CF01 4-11
e 3 Nov. 19, 2001 1:36:33 £2 S, Sumki CMOS (D-30) 3 100 20 Yachiho, Nagano L 200111190136_suzukisa1cp0l 411
127 5 100 20 Yachiho, Nagano L 200111190136_suzukisa2CF01 -
128 Y. Yoshino 11 135 20 Otaki, Saitama L 200111190136_yoshinoy1CF01 4-11
129 N. Koshiyama 37 85 20 Haruno, Shizuoka L 200111190136_koshiyam1CFO01 4-11
130 M. Owada 17 85 14 Haruno, Shizuoka L 200111190136_owadamin1MFO1 4-11
131 54 Nov. 19, 2001 Misato Obs. Color CCD (BJ-32¢) 8 35 14 Misato, Wakayama L 200111190141 _misatoob1CDO1 -
132 55 Nov. 19, 2001 Y. Natsume 3 135 28 Shitara, Aichi L 200111190143 _natsumey1CFO1 -
133 56 Nov. 19, 2001 M. Toda 3 58 12 Oizumi, Yamanashi L 200111190144Atodamasa2CF01 -
134 o Nov. 19, 2001 1:44:29 +5s K. Maeda LL + video video 400 28 Tsuno, M?yazak% L 200111190144Bnaedakou1Mvol 5-02
135 N. Tanaka 3 50 14 Tsuno, Miyazaki L 200111190144BtanakanalCF01 -
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Table 1. (continued)

71

No. Train __ Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
136 Y. Ishiduka 22 85 1.7 Takayama, Gunma L 200111190147 _ishiduka2CF02 3-04
137 4 400 35 Takayama, Gunma L 200111190147_ishiduka1MFO1 4-12
138 Y. Watanabe 11 50 20 Niiharu, Gunma L 200111190147 _watanabe1CF01 3-04
139 S. Suzuki CMOS (D-30) 12 100 20 Yachiho, Nagano L 200111190147 _suzukisa1CDO1 3-05
140 14 100 20 Yachiho, Nagano L 200111190147 _suzukisa2CFO1 -
141 N. Ogura 18 100 20 Samegawa, Fukushima L 200111190147 _oguranob1CF01 3-05
142 Y.Takeda 15 85 1.8 Daigo, Ibaraki L 200111190147_takedayal1CFO1 3-06
143 N. Kurita 14 180 25 Oizumi, Yamanashi L 200111190147 _kuritanalCF01 3-06
144 S. Amikura 9 200 4.0 Gozenyama, Ibaraki L 200111190147_amikuras1CFO1 3-06
145 Ma. Kobayashi 6 85 1.4 Oizumi, Yamanashi L 200111190147_kobayash1CFO1 3-06
146 M. Owada 14 85 14 Haruno, Shizuoka L 200111190147 _owadamin1MFO1 4-12
147 H. Okayasu 8 50 1.4 Shobu, Saitama L 200111190147 _okayasuh1CF01 4-12
148 J. Komoriya 6 50 1.4 Shimonita, Gunma L 200111190147_komoriyal1CFO1 4-12
149 M. Toda 7 58 12 Oizumi, Yamanashi L 200111190147 _todamasa2CFO1 4-12
150 58 Nov. 19,2001 1:47:26 +£2s N. Koshiyama 37 50 1.4 Haruno, Shizuoka L 200111190147 _koshiyam1CFO1 4-13
151 S. Nomoto 6 50 1.8 Kounosu, Saitama L 200111190147 _nomotosal1CFO1 4-13
152 Y. Yamada 4 50 1.8 Asahi, Aichi L 200111190147_yamadayo1CFO1 4-13
153 Y. Natsume 7 135 2.8 Shitara, Aichi L 200111190147 _natsumey1CFO1 4-13
154 M. Saito 7 300 28 Satomi, Ibaraki L 200111190147 _saitomas1MFO1 4-13
155 K. Tomaru 3 50 - Shimonita, Gunma L 200111190147_tomaruku1CFO1 4-14
156 2 35 - Shimonita, Gunma L 200111190147 _tomaruku2CF01 -
157 T. Konishi 12 28 28 Urugi, Nagano L 200111190147 _konishit1CFO1 4-14
158 T. Sekiguchi 1 50 1.7 Kawagoe, Saitama L 200111190147_sekiguch1CFO1 4-14
159 Mi. Kobayashi 8 40 24 Seto, Aichi L 200111190147 _kobayami1CF01 4-14
160 Y. Okamoto 8 s/fr time lapse video video 35 1.4 Oizumi, Yamanashi L 200111190147 _okamotoy1MV01 5-03
161 S. Sugimoto LL + video video 85 12 Nasu, Tochigi L 200111190147 _sugimoto1MVO1 5-03
162 A. Kawamura 36 300 28 Ontake, Nagano L 200111190147 _kawamura1MFO1 -
163 C. Tanaka 1 50 1.7 Gotemba, Shizuoka L 200111190147_tanakach1MFO1 -
164 S. Onuki 1 - - Nasu, Tochigi L 200111190147 _ohnukish1CFO1 -
165 S. Suzuki CMOS (D-30) 2 100 20 Yachiho, Nagano L 200111190148 _suzukisal1CDO1 4-14
166 6 100 20 Yachiho, Nagano L 200111190148 _suzukisa2CF01 -
167 Ma. Kobayashi 5 85 14 Oizumi, Yamanashi L 200111190148_kobayash1CF01 4-14
168 48 . N. Koshiyama 18 50 14 Haruno, Shizuoka L 200111190148 _koshiyam1CFO1 -
6 Nov. 19,2001 1:48:32 22 Y. Natsume 7 135 28 Shitara, Aichi L 200111190148_natsumey1CFO1 -
170 N. Ogura 18 100 20 Samegawa, Fukushima L 200111190148 _oguranob1CF01 -
171 J. Komoriya 2 50 14 Shimonita, Gunma L 200111190148 _komoriyal1CF01 -
172 Y. Okamoto 8 s/fi time lapse video video 35 1.4 Oizumi, Y: hi L 200111190148 _okamotoy1MvO1 -
173 60 Nov. 19,2001 1:58:22 +2s Y. Natsume 4 135 28 Shitara, Aichi L 200111190158Anatsumey1CFO1 4-15
Table 1. (continued)
No. Train ___ Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
174 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190158BsuzukisalCcD01 -
175 61 Nov. 19,2001 1:58:31 +2s 2 100 20 Yachiho, Nagano L 200111190158Bsuzukisa2CFO1 -
176 J. Komoriya 1 50 L4 hi Gunma L 200111190158Bkomoriyal1CFO1 -
177 62 Nov. 19, 2001 about 02:00 A. Okazaki 8 28 238 Rikubetsu, Hokkaido L 200111190200_okazakia1CFO1 4-15
178 S. Suzuki CMOS (D-30) 2 100 20 Yachiho, Nagano L 200111190201 _suzukisa1CDO1 4-15
179 2 100 20 Yachiho, Nagano L 200111190201 _suzukisa2CF01 -
180 63 Nov. 19,2001 2:01:26 +£2s J. Komoriya 1 50 14 Shimonita, Gunma L 200111190201 _komoriya1CFO1 4-15
181 N. Ogura 12 100 20 Samegawa, Fukushima L 200111190201 _oguranob1CF01 4-15
182 S. Amikura 6 50 1.7 Gozenyama, Ibaraki L 200111190201 _amikuras1CF01 -
183 64 Nov. 19, 2001 2:02:37 25 K. Maeda LL + video video 400 28 Tsuno, Miyazak? L 200111190202_maedakou1MVO1 5-03
184 N. Tanaka 1 50 14 Tsuno, Miyazaki L 200111190202 _tanakanalCF01 -
185 65 Nov. 19,2001 2:03:36 £25 S. Suzuki CMOS (D-30) 1 100 20 Yach%ho, Nagano L 200111190203Asuzukisa1cp01 -
186 2 100 2.0 Yachiho, Nagano L 200111190203Asuzukisa2CF01 -
187 66 Nov. 19,2001 2:03:50 £2s K. Kato 30 135 1.8 Kitaibaraki, Ibaraki L 200111190203Bkatokenj1CFO1 4-16
188 67 Nov. 19, 2001 2:05:05 +2s N. Ogura 4 100 2.0 Samegawa, Fukushima L 200111190205A0guranob1CF01 4-16
189 Nov. 19,2001 2:05:13 425 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 2001111902058suzukisalcp0l -
190 2 100 2.0 Yachiho, Nagano L 200111190205Bsuzukisa2CFO01 -
191 69 Nov. 19,2001 2:05:53 425 S. Suzuki CMOS (D-30) 1 100 20 Yach%ho, Nagano L 200111190205Csuzuk1:sa1 cpo1 -
192 2 100 20 Yachiho, Nagano L 200111190205Csuzukisa2CF01 -
193 o Nov. 19, 2001 2:06:29 25 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190206_suzuk1:sa1CD01 -
194 2 100 2.0 Yachiho, Nagano L 200111190206_suzukisa2CF01 -
195 71 Nov. 19,2001 2:08:47 +5s K. Maeda L1 + video video 400 28 Tsuno, Miyazaki L 200111190208 _maedakoulMvO1 5-04
19 72 Nov. 19, 2001 2:15:12 £1s M. Owada 31 85 14 Haruno, Shizuoka L 200111190215A0wadamin1MFO1 4-16
197 73 Nov. 19,2001 2:15:30 +£30s J. Aizawa 4 200 28 Utatsu, Miyagi L 200111190215Baizawajo1CFO01 4-16
198 74 Nov. 19, 2001 2:16:30 +30s N. Tanaka 3 50 14 Tsuno, Miyazaki L 200111190216 _tanakanal1CFO1 -
199 J. Aizawa 28 200 28 Utatsu, Miyagi L 200111190217_aizawajo1CFO1 3-07
200 N. Ogura 19 100 20 Samegawa, Fukushima L 200111190217_oguranob1CF01 3-07
201 Y.Takeda 17 85 18 Daigo, Ibaraki L 200111190217_takedayal1CF01 3-07
202 Ma. Kobayashi 2 85 14 Oizumi, Yamanashi L 200111190217_kobayash1CF01 4-17
203 75 Nov. 19, 2001 2:17:28 425 J. Komgﬁya 3 50 14 Shimonita, Qunma L 200111190217_komoriyal1CF01 4-17
204 N. Koshiyama 3 85 14 Haruno, Shizuoka L 200111190217_koshiyam1MFO1 4-17
205 Y. Higa 5 300 28 Naraha, Fukushima L 200111190217_higayosh1MFO1 4-17
206 26 85 20 Naraha, Fukushima L 200111190217 _higayosh2CFO1 4-17
207 T. Watanabe CCD video (WAT-100N) video 6 0.8 Tanagura, Fukushima L 200111190217 _watanate1MV01 5-04
208 S. Sugimoto LI + video video 85 14 Nasu, Tochigi L 200111190217_sugimoto1MVO1 5-04
209 76 Nov. 19, 2001 2:19:30 +30s N. Tanaka 1 50 14 Tsuno, Miyazaki L 200111190219 _tanakana1CFO1 -
210 K. Nakatsu 9 28 2.8 Tosashimizu, Kochi L 200111190238 _nakatsuk1CF01 4-18
211 77 Nov. 19,2001 2:38:23 25 S. Kaw:azu ) ) 1 50 40 Tosayvar.nada, Kochi L 2001111 90238_kaﬁaazusa1 CFO1 4-18
212 T. Saito LI + video video 28 20 Miki, Hyogo L 200111190238 _saitotos1MVO1 5-05
213 T. Katsume 2 - - Kozuki, Hyogo L 200111190238 _katsumet1CFO1 -




72

Table 1. (continued)

Yoshihiro Higa, Masa-yuki Yamamoto, Masayuki Toda, Kouji Maeda, and Jun-ichi Watanabe

No. Train Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
214 J. Aizawa 28 200 28 Utatsu, Miyagi L 200111190242Aaizawajo1CFO1 4-18
215 78 Nov. 19, 2001 2:42:19 425 N. Ogura 17 100 2.0 Samegaxﬁva, Fukushima L 200111190242A0guranob1CF01 4-18
216 S. Suzuki CMOS (D-30) 2 100 20 Yachiho, Nagano L 200111190242AsuzukisalcD01 -
217 2 100 20 Yachiho, Nagano L 200111190242Asuzukisa2CF01 -
218 K. Kato 29 135 1.8 Kitaibaraki, Ibaraki L 200111190242Bkatokenj1MF02 4-19
219 M. Fujita 15 100 28 Naraha, Fukushima L 200111190242Bfujitami1CFO1 4-19
220 79 Nov. 19,2001 2:42:28 +2s Y. Higa 8 300 28 Naraha, Fukushima L 200111190242Bhigayosh1MF01 4-19
221 19 85 20 Naraha, Fukushima L 200111190242Bhigayosh2CF01 -
222 S. Sugimoto LL + video video 85 1.2 Nasu, Tochigi L 200111190242Bsugimoto1MV01 5-05
223 80 Nov. 19, 2001 2:47:30 +30s N. Tanaka 8 50 14 Tsuno, Miyazaki L 200111190247_tanakanal1CF01 4-19
224 81 Nov. 19,2001 2:50:12 +£30s N. Tanaka 14 50 14 Tsuno, Miyazaki L 200111190250_tanakanal1CF01 4-19
25 g Nov. 19,2001 2:50:03 425 S. Suzuki CMOS (D-30) 2 100 20 Yach%ho, Nagano L 200111190252Asuzukisalcb01 -
226 2 100 2.0 Yachiho, Nagano L 200111190252Asuzukisa2CF01 -
227 83 Nov. 19,2001 2:52:35 +2s J. Aizawa 11 200 28 Utatsu, Miyagi L 200111190252Baizawajo1CFO1 4-20
228 S. Suzuki CMOS (D-30) 3 100 20 Yachiho, Nagano L 200111190252CsuzukisalCD01 4-20
229 84 Nov. 19,2001 2:52:48 425 4 100 20 Yachiho, Nagano L 200111190252Csuzukisa2CF01 -
230 M. Toda 3 58 1.2 Oizumi, Y: hi L 200111190252Ctodamasa2CF01 4-20
231 85 Nov. 19,2001 2:52:47 +1s N. Koshiyama 32 85 14 Haruno, Sh?zuoku L 200111190252Dkoshiyam1MFO1 4-20
232 M. Owada 5 50 14 Haruno, Shizuoka L 200111190252Dowadamin1MFO1 4-20
233 86 Nov. 19,2001 2:53:13 +2s J. Aizawa 14 200 28 Utatsu, Miyagi L 200111190253_aizawajo1CFO1 4-21
234 87 Nov. 19, 2001 2:55:30 +30s N. Tanaka 1 50 14 Tsuno, Miyazaki L 200111190255 _tanakanal1CF01 -
235 88 Nov. 19, 2001 2:58:23 £2s S. Okamoto L1 + video video 50 14 Asahi, Aichi L 200111190258A0okamotos1MVO1 5-05
236 g9 Nov. 19, 2001 2:58:53 425 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190258Bsuzukisalcb01 -
237 1 100 20 Yachiho, Nagano L 200111190258Bsuzukisa2CF01 -
238 90 Nov. 19,2001 3:01:04 +2s J. Aizawa 14 200 2.8 Utatsu, Miyagi L 200111190301 _aizawajo1CFO1 4-22
239 Y. Natsume 1 135 28 Shitara, Aichi L 200111190302_natsumey1CFO01 4-21
240 S. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 200111190302_suzukisalcb01 421
241 5 100 20 Yachiho, Nagano L 200111190302 _suzukisa2CF01 -
242 91 Nov. 19,2001 3:02:18 +2s N. Koshiyama 7 85 14 Haruno, Shizuoka L 200111190302_koshiyam1CFO1 4-21
243 M. Toda 8 200 4.0 Oizumi, Yamanashi L 200111190302_todamasal1CF01 -
244 12 58 12 Oizumi, Yamanashi L 200111190302_todamasa2CF01 4-21
245 M. Owada 3 85 14 Haruno, Shizuoka L 200111190302_owadamin1CFO1 -
246 M, Owada 3 85 14 Haruno, Shizuoka L 200111190303 _owadamin1CF01 4-22
247 92 Nov. 19,2001 3.03:53 425 S. Suzuki CMOS (D-30) 8 100 20 Yach%ho. Nagano L 20011 1190303_suzuk1:sa1 cpo1 4-22
248 9 100 20 Yachiho, Nagano L 200111190303 _suzukisa2CF01 -
249 N. Kurita 4 105 2.4 Oizumi, Y: hi L 200111190303 _kuritanalCF01 4-22
250 93 Nov. 19,2001 3:07:11 +2s K. Maeda LI + video video 400 28 Tsuno, Miyazaki L 200111190307Amaedakou1Mv01 5-05
251 94 Nov. 19,2001 3:07:48 +2s J. Aizawa 23 200 2.8 Utatsu, Miyagi L 200111190307Baizawajo1CF01 4-22
252 95 Nov. 19, 2001 3:09:21 425 S. Suzuki CMOS (D-30) 3 100 20 Ynchiho, Nagano L 200111190309AsuzukisalCD01 -
253 2 100 2.0 Yachiho, Nagano L 200111190309Asuzukisa2CFO01 -
254 96 Nov. 19, 2001 3:09:30 +30s A. Okazaki 7 28 2.8 Rikubetsu, Hokkaido L 200111190309BokazakialCF01 4-23
Table 1. (continued)
No. Train __ Observation date Time with error Observer Device Tmages f F Observation site Code of image sequences Figure
255 97 Nov. 19, 2001 3:09:52 +2s S. Suzuki CMOS (D-30) 1 100 2.0 Yachiho, Nagano L 200111190309CsuzukisalcDO1 -
256 98 Nov. 19, 2001 3:12:50 +5s N. Tanaka 6 50 14 Tsuno, Miyazaki L 200111190312 _tanakanal1CF01 4-23
257 M. Owada 2 85 14 Haruno, Shizuoka L 200111190319_owadamin1CFO1 423
258 99 Nov. 19, 2001 3:19:32 425 S. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 200111190319_suzukisalcDO1 4-23
259 4 100 20 Yachiho, Nagano L 200111190319 _suzukisa2CF01 -
260100 Nov. 19, 2001 32118 425 S. Suzuki CMOS (D-30) 2 100 20 Yachiho, Nagano L 200111190321AsuzukisalCcD01 -
261 4 100 2.0 Yachiho, Nagano L 200111190321Asuzukisa2CF01 -
262 101 Nov. 19, 2001 3:21:58 425 N. Tanaka . .4 50 14 Tsuno, Mi.yazak? L 200111190321BtanakanalCF01 423
263 K. Maeda LL + video video 400 28 Tsuno, Miyazaki L 200111190321BmaedakoutmMv01 5-06
264 102 Nov. 19,2001 3:24:50 £30s N. Tanaka 4 50 14 Tsuno, Miyazaki L 200111190324 _tanakanalCFO01 4-23
265 103 Nov. 19, 2001 3.25:08 425 K. Kato 37 135 1.8 Kitaiba?raki, Ibaraki. L 200111190325Akatokenj1MFO1 4-24
266 M. Toda 3 58 12 Oizumi, Y F L 200111190325AtodamasalCFO01 -
267 N. Kurita N 180 25 Oizumi, Yamanashi L 200111190325BkuritanalCF01 4-24
268 04 Nov. 19,2001 325:10 425 S. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 20011119032555uzukfsa1coo1 4-24
269 4 100 20 Yachiho, Nagano L 200111190325Bsuzukisa2CF01 -
270 M. Toda 1 58 12 Oizumi, Yamanashi L 200111190325BtodamasalCF01 4-24
271 105 Nov. 19,2001 3:25:17 425 Y. Okamoto 8 s/fr time lapse video video 35 14 Oizumi, Y; hi L 200111190325Cokamotoy1MVO1 -
272 106 Nov. 19, 2001 3:25:53 425 K. Kato 8 135 1.8 Kitaibaraki, Ibaraki L 200111190325Dkatokenj1MFO1 -
273 S. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 200111190326 _suzukisalcD01 4-25
274 107 Nov. 19, 2001 3:26:10 +2s 5 100 20 Yachiho, Nagano L 200111190326_suzukisa2CF01 -
275 N. Kurita 4 180 2.5 Oizumi, Y i L 200111190326_kuritanalCF01 4-25
276 108 Nov. 19, 2001 3.08:37 425 Y. Oka.moto 8 s/fir time 1a!vsevidco vldeo 35 14 Oizumi, Yama.nz.nshi L 2001111 90325Aoka|r|otoy1 MVO1 5-06
277 S. Sugimoto LI + video video 85 1.2 Nasu, Tochigi L 200111190328Asugimoto1MVO1 -
278 s. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 200111190328BsuzukisalCcD01 4-25
279 4 100 20 Yachiho, Nagano L 200111190328Bsuzukisa2CF01 -
280 109 Nov. 19,2001 3:28:56 +2s Y. Higa 7 300 28 Naraha, Fukushima L 200111190328Bhigayosh1MF01 4-25
281 7 85 20 Naraha, Fukushima L 200111190328Bhigayosh2CF01 -
282 S. Sugi LI + video video 85 12 Nasu, Tochigi L 200111190328Bsugimoto1MVO1 -
283 110 Nov. 19, 2001 3:30:10 +30s N. Tanaka 7 50 14 Tsuno, Miyazaki L 200111190330_tanakanalCF01 4-25
284 111 Nov. 19, 2001 3:32:03 +2s S. Sugimoto LI + video video 85 1.2 Nasu, Tochigi L 200111190332Asugimoto1MVO1 -
285 12 Nov. 19,2001 3.32:26 425 S. Suzuki CMOS (D-30) 3 100 20 Yachﬁho, Nagano L 200111190332BsuzukisalcD01 -
286 3 100 2.0 Yachiho, Nagano L 200111190332Bsuzukisa2CF01 -
287 113 Nov. 19,2001 3:33:30 +30s A. Okazaki 5 28 2.8 Rikubetsu, Hokkaido L 200111190333 _okazakialCFO1 4-25
288 14 Nov. 19, 2001 3.34:03 455 K. Maeda LI + video video 400 28 Tsuno, M.iyuzaki L 200111190334AmaedakoulMV01 5-06
289 N. Tanaka 1 S50 1.4 Tsuno, Miyazaki L 200111190334AtanakanalCF01 -
290 115 Nov. 19, 2001 3:34:50 +20s N. Tanaka 1 50 14 Tsuno, Miyazaki L 200111190334BtanakanalCF01 -
291 116 Nov. 19,2001 3:34:58 +2s T. Saito LI + video video 28 2.0 Miki, Hyogo L 200111190334Csaitotos1MVO1 -
292 44 Nov. 19, 2001 3:35:00 425 S. Suzuki CMOS (D-30) 3 100 20 Yachiho, Nagano L 200111190335AsuzukisalcD01 -
293 3 100 2.0 Yachiho, Nagano L 200111190335Asuzukisa2CF01 -
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No. Train _ Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
294 118 Nov. 19,2001 3:35:22 +2s K. Macda LI + video video 400 28 Tsuno, Miyazaki L 200111190335Bmaedakou1MvO1l 5-07
295 g Nov. 19,2001 3.39:12 425 S. Suzuki CMOS (D-30) 1 100 20 Yachgho, Nagano L 200111190339Asuzuk1:sa‘|cb01 -
296 1 100 20 Yachiho, Nagano L 200111190339Asuzukisa2CFO1 -
297 120 Nov. 19,2001 3:39:59 +8s S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190339BsuzukisalCbO1 -
298 o) Nov. 19, 2001 3:43:00 £8s S. Suzuki CMOS (D-30) 1 100 20 Yachg.o, Nagano L 200111190343Asuzuk1:sa1CD01 -
299 2 100 2.0 Yachiho, Nagano L 200111190343Asuzukisa2CF01 -
300 122 Nov. 19,2001 3.43:11 +3s S. Suzuki CMOS (D-30) 1 100 20 Yach¥h0, Nagano L 20011119034385uzuk1:sa1CDD1 -
301 2 100 20 Yachiho, Nagano L 200111190343Bsuzukisa2CFO01 -
302 123 Nov. 19, 2001 3.43:59 425 Misato Obs. Color CCD I(BJ-32c) .16 35 14 Misato, Wf.ikayan?a L 200111190343Cmisatoob1CDO1 4-26
303 K. Maeda LI + video video 400 28 Tsuno, Miyazaki L 200111190343Cmaedakou1MVO1 5-07
304 Y. Natsume 1 135 28 Shitara, Aichi L 200111190344 _natsumey1CFO1 4-26
305 124 Nov. 19, 2001 3.44:50 +25 Y. Uyama 4 85 14 Su?uka. Mie L 200111190344 _uyamayos1CF01 4-26
306 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190344 _suzukisal1CDO1 -
307 ) 1 100 20 Yachiho, Nagano L 200111190344 _suzukisa2CFO1 -
308 125 Nov. 19,2001 3:47:08 +2s Y. Higa 10 85 2.0 Naraha, Fukushima L 200111190347Ahigayosh2CFO01 -
309 126 Nov. 19,2001 3:47:42 £2s M. Toda 4 200 20 Oizumi, Y hi L 200111190347BtodamasalCFO1 -
310 127 Nov. 19, 2001 3:47:56 £2s S. Sugimoto LI + video video 85 12 Nasu, Tochigi L 200111190347Csugimoto1MVO1 -
311 128 Nov. 19, 2001 3:48:05 +2s 0. Miikeda 4 50 14 Kuroiso, Tochigi L 200111190348 _miikedas1CFO1 4-26
312 g Nov. 19,2001 3:5421 48s S. Suzuki CMOS (D-30) 1 100 20 Yachq‘o, Nagano L 200111190354Asuzukisalcb01 -
313 2 100 20 Yachiho, Nagano L 200111190354Asuzukisa2CF01 -
314 S. Amikura 8 200 4.0 Gozenyama, Ibaraki L 200111190354Bamikuras1CFO1 4-26
315 Y. Maekawa 11 50 14 Hitachi, Ibaraki L 200111190354Bmaekaway1CF0O1 4-26
316 130 Nov. 19, 2001 3.54:26 425 Y. Higa 5 300 28 Naraha, Fukushfma L 2001111903545h1- gayosh1MFO1 4-27
317 9 85 20 Naraha, Fukushima L 200111190354Bhigayosh2CFO1 -
318 K. Kato 32 200 28 Kitaibaraki, Ibaraki L 200111190354Bkatokenj1CFO1 4-27
319 K. Koretsune 32 180 28 Kitaibaraki, Tbaraki L 200111190354Bkoretsun1CF0O1 4-27
. M D-. i Py N
320 131 Nov. 19,2001 3.55:26 +8s S. Suzuki CMOS (D-30) 1 100 20 Yachfho, Nagano L 200111190355_suzukTsa1cDU1
321 2 100 2.0 Yachiho, Nagano L 200111190355_suzukisa2CFO1 -
322 132 Nov. 19, 2001 4:00:25 +35s S. Suzuki 2 100 20 Yachiho, Nagano L 200111190400Asuzukisa2CFO1 -
323 133 Nov. 19,2001 4:00:35 £35s S. Suzuki 2 100 20 Yachiho, Nagano L 200111190400Bsuzukisa2CFO1 -
324 Y. Natsume 1 135 28 Shitara, Aichi L 200111190401 _natsumey1CFO1 -
325 134 Nov. 19,2001 4:01:32 £2s M. Owada 2 85 14 Haruno, Shizuoka L 200111190401_owadamin1CFO1 -
326 S. Suzuki 6 100 20 Yachiho, Nagano L 200111190401_suzukisa2CFO1 -
327 135 Nov. 19, 2001 4:03:30 +30s S. Suzuki 2 100 20 Yachiho, Nagano L 200111190403 _suzukisa2CFO1 -
328 136 Nov. 19,2001 4:04:00 £2s N. Kurita 3 180 25 Oizumi, Y hi L 200111190404 _kuritanalCFO1 -
329 N. Tanaka 5 50 14 Tsuno, Miyazaki L 200111190405_tanakanal1CFO1 4-27
137 Nov. 19,2001 4:05:26 +£2s . . . . -
330 " K. Maeda LI + video video 400 2.8 Tsuno, Miyazaki L 200111190405 _maedakou1MVO1 5-07
Table 1. (continued)
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331 Ma. Kobayashi 3 85 14 Oizumi, Yamanashi L 200111190406_kobayash1CFO01 4-27
332 N. Kurita 3 180 25 Oizumi, Yamanashi L 200111190406_kuritanalCF01 4-27
333 138 Nov. 19, 2001 4:06:44 £2s Y. Natsume 8 135 28 Shitara, Aichi L 200111190406 _natsumey1CFO1 4-28
334 M, Owada 10 85 1.4 Haruno, Shizuoka L 200111190406 _owadamin1CF01 4-28
335 N. Koshiyama 30 85 14 Haruno, Shizuoka L 200111190406_koshiyam1MFO1 4-28
336 Y. Yamada 1 50 18 Asahi, Aichi L 200111190407Ayamadayo1CF01 -
337 139 Nov. 19,2001 4:07:30 +£30s Y. Aoki 1 - - Kawaue, Gifu L 200111190407Aaokiyosh1Mv01 -
338 S. Suzuki 3 100 20 Yachiho, Nagano L 200111190407Asuzukisa2CF01 -
339 140 Nov. 19, 2001 4:07:30 £30s N. Tanaka 8 50 14 Tsuno, Miyazaki L 200111190407BtanakanalCF01 4-28
340 Y. Natsume 2 135 28 Shitara, Aichi L 200111190409 _natsumey1CFO1 4-29
341 141 Nov. 19, 2001 4:09:08 +1s Y. Yamada 1 50 1.8 Asahl..A!chl. L 200111190409 _yamadayo1CFO01 4-29
342 S. Okamoto 19 50 14 Asahi, Aichi L 200111190409 _okamotos1MVO1 5-08
343 S. Suzuki 3 100 20 Yachiho, Nagano L 200111190409_suzukisa2CF01 -
344 142 Nov. 19, 2001 4:10:30 +30s A. Okazaki 10 28 28 Rikubetsu, Hokkaido L 200111190410_okazakial1CF01 4-29
345 143 Nov. 19, 2001 4:11:30 +30s N. Tanaka 1 50 14 Tsuno, Miyazaki L 200111190411_tanakanal1CF01 -
346 144 Nov. 19, 2001 4:13:01 +2s Y. Higa 8 300 28 Naraha, Fukush!ma L 200111190413Ah1Agayosh1MFD’l 4-29
347 10 85 2.0 Naraha, Fukushima L 200111190413Ahigayosh2CF01 -
348 145 Nov. 19, 2001 4:13:48 *l1s M. Owada 3 85 14 Haruno, Shizuoka L 200111190413Bowadamin1CF01 4-29
349 146 Nov. 19,2001 4:14:01 455 N. Tanaka ) }4 50 14 Tsuno, Miyazak? L 200111190414AtanakanalCFO01 4-29
350 K. Maeda LI + video video 400 28 Tsuno, Miyazaki L 200111190414Amaedakou1MVO1 5-08
351 147 Nov. 19,2001 4:15:55 £10s N. Tanaka 5 50 14 Tsuno, Miyazaki L 200111190414BtanakanalCF01 -
352 148 Nov. 19, 2001 4:19:00 48 S. Suzuki CMOS (D-30) 4 100 20 Yach¥ho, Nagano L 200111190419_suzuk 1 sa1CD01 -
353 5 100 20 Yachiho, Nagano L 200111190419 _suzukisa2CF01 -
354 149 Nov. 19, 2001 4:22:56 +2s K. Maeda LI + video video 400 2.8 Tsuno, Miyazaki L 200111190422_maedakou1MV01 5-08
355 150 Nov. 19, 2001 425:34 485 S. Suzuki CMOS (D-30) 1 100 20 Yach{ho, Nagano L 200111190425_suzukisal1cD01 -
356 2 100 20 Yachiho, Nagano L 200111190425_suzukisa2CF01 -
3575 Nov. 19,2001 4:26:23 +8s S. Suzuki CMOS (D-30) 1 100 20 Vach!ho, Nagano L 200111190426_suzukisal1cDO1 -
358 1 100 20 Yachiho, Nagano L 200111190426_suzukisa2CF01 -
359 152 Nov. 19, 2001 4:27:00 *2s M. Toda 1 200 20 Oizumi, Y hi L 200111190427AtodamasalCF01 -
360 S. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 200111190427BsuzukisalCcD01 4-30
361 ) 3 100 20 Yachiho, Nagano L 200111190427Bsuzukisa2CF01 -
362 N. Kurita 3 180 25 Oizumi, Yamanashi L 200111190427BkuritanalCF01 4-30
363 153 Nov. 19, 2001 4:27:12 +1s Y. Natsume 2 135 28 . Shlt‘ara. Aichi ) L 200111190427Bnatsumey1CFO1 4-30
364 M. Toda 7 200 20 Oizumi, Yamanashi L 200111190427BtodamasalCF01 4-30
365 Ma. Kobayashi 3 85 14 Oizumi, Yamanashi L 200111190427Bkobayash1CF01 4-30
366 M. Owada 4 85 14 Haruno, Shizuoka L 200111190427Bowadamin1CFO01 4-30
367 N. Koshiyama 10 85 14 Haruno, Shizuoka L 200111190427Bkoshiyam1CFO1 -
368 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190432_suzukisa1cDO1 -
369 154 Nov. 19,2001 4:32:41 +2s B 2 100 20 Yachiho, Nagano L 200111190432 _suzukisa2CFO01 -
370 M. Owada 2 85 14 Haruno, Shizuoka L 200111190432 _owadamin1CFO01 -
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Table 1. (continued)
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No. Train Observation date Time with error Observer Device Images f F Observation site Code of image seqguences Figure
371 155 Nov. 19,2001 4:33:54 +5s K. Maeda LL + video video 400 28 Tsuno, Miyazaki L 200111190433 _maedakou1MvO1 5-09
312 156 Nov. 19, 2001 4:34:22 485 S. Suzuki CMOS (D-30) 1 100 20 Yach!ho, Nagano L 200111190434 _suzukisa1CcD01 -
373 2 100 20 Yachiho, Nagano L 200111190434 _suzukisa2CF01 -
374 157 Nov. 19, 2001 4:36:07 <8s S. Suzuki CMOS (D-30) 1 100 20 Yach!ho, Nagano L 200111190436AsuzukisalCcD01 -
375 2 100 20 Yachiho, Nagano L 200111190436Asuzukisa2CF01 -
376 158 Nov. 19, 2001 4:36:40 +2s M. Toda 4 200 20 Oizumi, Y hi L 200111190436BtodamasalCF01 -
377 M. Toda 12 200 20 Oizumi, Yamanashi L 200111190437 _todamasal1CF01 4-31
378 159 Nov. 19,2001 4:37:09 £2s S. Suzuki CMOS (D-30) 3 100 20 Yachiho, Nagano L 200111190437_suzukisalCDO1 4-31
379 | 4 100 20 Yachiho, Nagano L 200111190437 _suzukisa2CFO1 -
380 T. Sakamoto 28 85 12 Hashikami, Aomori L 200111190438 _sakamoto1CF01 4-31
381 160 Nov. 19, 2001 4:38:25 £2s Y. Higa 6 300 28 Naraha, Fukushima L 200111190438 _higayosh1MFO1 4-31
382 ) 1 85 20 Naraha, Fukushima L 200111190438 _higayosh2CF01 -
383 N. Ogura 8 100 20 Samegawa, Fukushima L 200111190439 _oguranob1CF01 4-32
384 M. Toda 7 200 20 Oizumi, Yamanashi L 200111190439_todamasal1CFO01 4-32
" - 2 i 2 i -
385 161 Nov. 19, 2001 4:39:12 425 S. Suzuki CMOS (D-30) 2 100 20 Yach!hc‘ Nagano L 2001 11190439_suzuk1‘ sa1cp01 4-32
386 3 100 20 Yachiho, Nagano L 200111190439 _suzukisa2CF01 -
387 Y. Sato 3 85 14 Ogoe, Fukushima L 200111190439 _satoyosh1CF01 -
388 S. Sugimoto LL + video video 85 1.2 Nasu, Tochigi L 200111190439_sugimoto1MVO1 -
39 6 Nov. 19, 2001 4:40:39 425 S. Suzuki CMOS (D-30) 2 100 20 Yach!ho, Nagano L 2001 11190440_suzuk1: salcp01 -
390 3 100 20 Yachiho, Nagano L 200111190440_suzukisa2CF01 -
6 Nov. 19, 2001 4:42:01 +5s S. Suzuki CMOS (D-30) 1 100 20 Yach!ho, Nagano L 200111190442Asuzukisalcp01 -
392 1 100 2.0 Yachiho, Nagano L 200111190442Asuzukisa2CF01 -
398 Nov. 19,2001 442:01 25 S. Suzuki CMOS (D-30) 1 100 20 Yach!ho, Nagano L 2001 1119044233uzuk1‘sa‘| cp01 -
394 1 100 20 Yachiho, Nagano L 200111190442Bsuzukisa2CF01 -
395 165 Nov. 19,2001 4:42:25 +2s S. Suzuki CMOS (D-30) 1 100 2.0 Yachiho, Nagano L 200111190442CsuzukisalCD01 -
396 166 Nov. 19, 2001 4:45:30 +30s N. Tanaka 2 50 14 Tsuno, Miyazaki L 200111190445AtanakanalCF01 -
397 167 Nov. 19,2001 4:45:40 +2s M. Toda 3 200 20 Oizumi, Y hi L 200111190445Btodamasal1CFO1 4-31
398 168 Nov. 19,2001 4:49:19 425 S. Suzuki CMOS (D-30) 1 100 20 Yach!ho, Nagano L 200111190449AsuzukisalcD01 -
399 2 100 20 Yachiho, Nagano L 200111190449Asuzukisa2CF01 -
400 169 Nov. 19,2001 4:49:26 +1s M. Toda 2 200 20 Oizumi, Y hi L 200111190449Btodamasal1CFO1 -
401 S. Suzuki CMOS (D-30) 6 100 20 Yachiho, Nagano L 200111190449CsuzukisalCcb01 3-07
402 170 Nov. 19, 2001 4:49-31 25 ) 7 100 20 Yachl.ho‘ Nagano ) L 200111190449Csuzukisa2CFO01 -
403 Ma. Kobayashi 3 85 14 Oizumi, Yamanashi L 200111190449Ckobayash1CFO1 3-07
404 M. Toda 6 200 20 Oizumi, Yamanashi L 200111190449CtodamasalCFO1 3-07
405 171 Nov. 19, 2001 4:51:03 425 S. Suzuki CMOS (D-30) 2 100 20 Yachfho‘ Nagano L 2001111 90451Asu2uk’i salcp01 -
406 2 100 20 Yachiho, Nagano L 200111190451Asuzukisa2CF01 -
407 . 5 300 28 Naraha, Fukushima L 200111190451Bhigayosh1MFO1 -
172 Nov. 19, 2001 4:51:22 £2s Y. Hi ’
408 o s i b} 85 2.0 Naraha, Fukushima L 200111190451Bhigayosh2CF01 -
409 173 Nov. 19,2001 45125 425 S. Suzuki CMOS (D-30) 2 100 2.0 Yachfho, Nagano L 200111190451Csuzuk 1 sa1CDp01 -
410 3 100 20 Yachiho, Nagano L 200111190451Csuzukisa2CFO1 -
Table 1. (continued)
No. Train Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
411 174 Nov. 19,2001 4:53:51 425 N. Ogura 7 100 20 Samegawa., Fukushima L 200111190453 _oguranob1CF01 4-32
412 Y. Maekawa 3 50 1.4 Hitachi, Ibaraki L 200111190453 _maekaway1CFO1 4-32
413 M. Toda 36 200 20 Oizumi, Yamanashi L 200111190455 _todamasalCF01 3-08
414 S. Suzuki CMOS (D-30) 5 100 20 Yachiho, Nagano L 200111190455_suzukisalcDO1 3-08
415 T 5 100 20 Yachiho, Nagano L 200111190455_suzukisa2CFO01 -
416 Y. Maekawa 50 14 Hitachi, Ibaraki L 200111190455_maekaway1CF01 3-08
417 175 Nov. 19, 2001 4:55:47 £2s H. Okayasu 13 50 14 Shobu, Saitama L 200111190455 _okayasuh1CFO01 4-32
418 S. Sugimoto LI + video video 85 12 Nasu, Tochigi L 200111190455_sugimoto1MVO1 5-10
419 Y. Okamoto 8 /fir time lapse video video 35 14 Oizumi, Yamanashi L 200111190455 _okamotoy1MVO1 5-10
420 S. Shibuya 6 - - Kamikawa, Saitama L 200111190455 _shibuyas1CF01 -
421 Y. Sato 4 85 14 Ogoe, Fukushima L 200111190455 _satoyosh1CFO01 -
422 176 Nov. 19, 2001 4:59:08 425 S. Suzuki CMOS (D-30) 1 100 20 Yach¥ho, Nagano L 200111190459_suzuk 1 salcD01 -
423 2 100 20 Yachiho, Nagano L 200111190459 _suzukisa2CF01 -
424 177 Nov. 19,2001 5.00:47 425 Y. Higa 7 300 28 Naraha, Fukush{ma L 2001111 90500_h1}gayosh1 MFO1 -
425 3 85 2.0 Naraha, Fukushima L 200111190500_higayosh2CF01 -
426 178 Nov. 19, 2001 5:01:33 +5s K. Maeda LI + video video 400 2.8 Tsuno, Miyazaki L 200111190501AmaedakoulMvO1 5-09
427 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190501BsuzukisalCD01
428 179 Nov. 19,2001 5:01:47 +2s : 2 100 20 Yachiho, Nagano L 200111190501Bsuzukisa2CF01 -
429 S. Tago 1 - - Fujimi, Nagano L 200111190501Btagosyuul1CFO01 -
430 Y. Higa 10 300 28 Naraha, Fukushima L 200111190502Ahigayosh1MFO1 4-33
431 180 Nov. 19, 2001 5:02:05 +2s : 1 85 20 Naraha, Fukushima L 200111190502Ahigayosh2CF01 -
432 Y. Maekawa 3 50 14 Hitachi, Ibaraki L 200111190502Amaekaway1CF01 4-33
433 181 Nov. 19,2001 5.02:50 425 S. Suzuki CMOS (D-30) 1 100 2.0 Yach!ho, Nagano L 2001111 9050235uzuk1:sa1 cpo1 -
434 2 100 20 Yachiho, Nagano L 200111190502Bsuzukisa2CF01 -
435 182 Nov. 19, 2001 5:03:26 +2s N. Ogura 2 100 2.0 Samegawa, Fukushima L 200111190503 _oguranob1CF01 4-33
436 Y. Maekawa 8 50 14 Hitachi, Ibaraki L 200111190504Amaekaway1CDO1 4-33
437 183 Nov. 19, 2001 5:04:11 +2s Y. Higa 8 300 2.8 Naraha, Fukushima L 200111190504Ahigayosh1MFO1 4-33
438 - 1 85 20 Naraha, Fukushima L 200111190504Ahigayosh2CF01 -
439 184 Nov. 19, 2001 5:04:30 +30s N. Tanaka 2 50 14 Tsuno, Miyazaki L 200111190504BtanakanalCFO01 -
440 S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190505AsuzukisalCcD01 -
441 185 Nov. 19, 2001 5:05:01 +5s : 2 100 20 Yachiho, Nagano L 200111190505Asuzukisa2CF01 -
442 S. Tago 1 - - Fujimi, Nagano L 200111190505AtagosyuulCFO1 -
443 186 Nov. 19, 2001 5.05:42 425 S. Suzuki CMOS (D-30) 2 100 20 Yach?ho, Nagano L 2001111 9050585uzuk1:sa‘| cp01 -
e 3 100 2.0 Yachiho, Nagano L 200111190505Bsuzukisa2CF01 -
45 187 Nov. 19, 2001 5:06:40 +2s S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190506_suzukisalcDO1 -
446 188 Nov. 19, 2001 5:07:25 +2s S. Suzuki CMOS (D-30) 1 100 2.0 Yachiho, Nagano L 200111190507 _suzukisalcDO1 -
447 189 Nov. 19, 2001 5:08:01 +2s S. Suzuki CMOS (D-30) 1 100 20 Yachiho, Nagano L 200111190508 _suzukisalcDO1 -
448 190 Nov. 19,2001 5.09:20 425 Y. Higa 11 300 28 Naraha, Fukushfma L 2001111 90509_h1_gayesh1 MFO1 4-33
449 2 85 2.0 Naraha, Fukushima L 200111190509 _higayosh2CF01 -
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Table 1. (continued)

No. Train Observation date Time with error Observer Device Images f F Observation site Code of image sequences Figure
450 191 Nov. 19,2001 51125 425 S. Suzuki CMOS (D-30) 2 100 20 Yachiho. Nagano L 200111190511AsuzukisalcDO1 -
451 2 100 2.0 Yachiho, Nagano L 200111190511Asuzukisa2CF01 -
452 192 Nov. 19,2001 5:11:55 £2s H. Okayasu 5 50 14 Shobu, Saitama L 200111190511Bokayasuh1CFO1 -
453 193 Nov. 19, 2001 5:12:03 425 S. Suzuki CMOS (D-30) 2 100 20 Yachiho, Nagano L 20011119051 2_suzuk1: salcp01 -
454 3 100 2.0 Yachiho, Nagano L 200111190512_suzukisa2CF01 -
455 S. Suzuki CMOS (D-30) 4 100 20 Yachiho, Nagano L 200111190515_suzikisalCDO1 -
456 194 Nov. 19,2001 5:15:51 +2s 5 100 20 Yachiho, Nagano L 200111190515_suzikisa2CF01 -
457 H. Okayasu 5 50 14 Shobu, Saitama L 200111190515_okayasuh1CFO01 -
458 o5 Nov. 19,2001 5.17:59 425 S. Suzuki CMOS (D-30) 1 100 20 Yachihc. Nagano L 200111190517 _suzukisa1cb01 -
459 4 100 2.0 Yachiho, Nagano L 200111190517 _suzukisa2CF01 -
460 196 Nov. 19,2001 5:20:00 £2s Y.Hazenoki 3 - - Kushimoto, Wakayama L 200111190520_hazenoki1CFO1 -
461 197 Nov. 19, 2001 5:35:50 +10s Y. Aoki 1 - - Kaw.aue, Gifu L 200111190535_aokiyosh1CFO1 -
462 M. Kamiya 2 135 2.0 Kami, Nagano L 200111190535_kamiyamo1CFO01 -
463 98 Nov. 19, 2002 15:08:37 25 M.-Y. .Yamamolo . .17 105 18 Ta?de. Tenejfe, SPAIN L 200211191508Ayamamoto1CFO1 4-34
464 M. h LI + video (UV) video 30 12 Taide, Tenerife, SPAIN L 200211191508Ahiramats1MV01 -
465 199 Nov. 19,2002 15:08:37 +2s K. Oikawa LI + video (1" CCD) video 143 18 Tenerife observatory, SPAIN L 200211191508Boikawaki1MVO1 5-10
466 M.-Y. Yamamoto 17 55 18 Taide, Tenerife, SPAIN L 200211191520_yamamoto2MFO1 4-34
467 200 Nov. 19,2002 15:20:56 25 K. Qikawa 2s/fr v;olu.r(lvz" CCD) V%dco 12.5 1.8 Tenel:ife observ.alory, SPAIN L 200211191 520_01: kawaki1cvo1 4-34
468 M. Hiramatsu LI + video (UV) video 30 12 Taide, Tenerife, SPAIN L 200211191520_hiramats1MVO1 5-10
469 Y. Ichikawa CCD (S2pro) 8 - - Tenerife observatory, SPAIN L 200211191520_ichikawy1CDO1 -
470 201 Nov. 19, 2002 19:57:47 £2s S. Suzuki 13 85 12 Joshua tree, California, USA L 200211191957 _suzukisalCDO1 4-35
471 Y. Tomari 17 50 14 Tucson, Arizona, USA L 200211192035_tomariyo1CFO1 3-08
472 202 Nov. 19,2002 20:35:22 +ls F. Kanno 3 100 20 Sedona, Arizona, USA L 200211192035_kannofum1CFO1 4-35
473 S. Hashimoto 20 85 12 Joshua tree, California, USA L 200211192035_hashimot1CDO01 4-35
474 203 Nov. 19, 2002 21:27:15 +2s S. Suzuki 26 85 12 Joshua tree, California, USA L 200211192127 _suzukisalCDO1 4-35
475 204 Nov. 19, 2002 2:46:41 *ls Y.Watanabe 4 50 20 Sakai, Ibaraki L 200211190246 _watanabe1CFO1 4-34
476 205 Nov. 19, 2002 5:17:34 +2s S. Shibuya 1 50 12 Kamikawa, Kanagawa L 200211190517 _shibuyas1CFO1 -

of image sequences will soon be available via the internet
(Yamamoto et al. 2005).

3-1.Code of image sequence

The observation code for each image is based on the
name of the parent meteor shower, the observation date and
time, the observer, and the photographic conditions.

(examples)
123456789012345678901234567 (column numbers)
L200111190116Btodamasa2MF01

(explanations)
column 01  : Name of the parent meteor shower ('L':Leonids)
column 02—13: Observation date and time:
02-05: Year (YYYY)
06-09: Month and day (MMDD)
10-13: Hour and minute (HHMM) as Japan
Standard Time (JST=UT+9%h)
: Alphabetical order if multiple trains appeared
within one minute
column 15-22: Observer name code (8 characters)

column 14

column 23  : Camera number for each observer

column 24  : Type of color ('C' for color imaging, 'M' for
monochrome one)

column 25  : Type of camera ('F' for film, 'D' for digital

device (CCD or CMOS), and 'V' for video)
column 26-27: Image number of each sequence in 2 columns

3-2.Field of view of image

As the focal length and F-number of the objective lens
differed from observer to observer, the field of view (FOV)
will be different for each image. The FOV is proportional to
the focal length of the lens in relation to the film/chip size of
the camera. Typical focal lengths and corresponding fields of
view for 35 mm film cameras are listed in table 2. However,
as the field of view differs unpredictably between digital
devices, and because some of the images are cropped in fig-

ures 3 to 5, the field of view for each image sequence is
recorded with the image as 'FOV.'

3-3.Other parameters

The start time of each exposure is recorded with each
image as 'Ts', counted from the appearance of the parent fire-
ball. The exposure period for each snapshot is recorded as
'Exp', and the number of frames for video image integration
is recorded as 'Integ' (Integ = 30 corresponds to Exp = 1). As
the persistent trains diffused rapidly, images with short 'Ts'
and 'Exp' are very important for morphological study. Some
observers selected larger 'Exp' values near the end of their
observation sequences in order to obtain clear images of
faint long-lasting trains.

Table 2. Field of view of typical lens for 35 mm film camera.

Focal length Field of view
(mm) (degrees)
50 39.0 x 26.0
85 253 x 17.0
105 19.5 x 13.0
135 15.1 x 10.1
200 103 x 6.8
300 6.5 x 43
400 52x 34
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Code=L19981118041 3_todamasaICFUI

3602 Ts=21, Exp=4

38-07 T==42, Exp=4 38—08.T==46, Exp=4 38-09.T==50, Exp=4

36-10.T==5 V 38-11.T=s=59, Exp=4 l 38-12 Ts=6 38-13 T 4
Code= L19981 I 180413 komorlyal CFO02 Code=L1 998] l 180413 ohbayash]CFOi

40-01.T=s=16,

41, Exp=!

Fig. 3-01. Image sequences No. 38, 39, and 40. All of the examples were simultaneously observed with each other and with all examples from
No. 38 to No. 57 (Train 30). The clear persistent meteor train was observed after a —8 magnitude fireball. Bluish color seen at upper
side of the train could be imaged only in the early stage of persistent trains.
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Code=L199811180413_nipponho1CVO1

A41-01.Te=15, In a1, FOW=13.
Code=1.199811180413_aizawajo1 CFO1

3 V=10

Code=L199811180413_uchiyamal GF02

42-05.T==65, Exp=10

41-03. Ts=30, Int

42-04. Ts=43, Ex

43—08.TE::55_, Exp=4

Fig. 3-02. Image sequences No. 41, 42, and 43. All of the examples were simultaneously observed with each other and with all examples from
No. 38 to No. 57 (Train 30). The image sequence of No. 41 observed by color HDTV for broadcasting use was appeared by courtesy
of NHK. A bright parent fireball of Train 30 was fortunately observed in the same FOV of the video file of No. 41.
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Code=1.200011190335_higayosh2CF01

78-04 Ts=28, Exp=4 . 78-05. T‘- 33,
Code=L200011190335 ozakitoyl CFOI

81-01.T=s=14, Exp=5b, FO

9 80 04.T==73 .- [‘,u o 81—02,1—5:3['. Exp=5
Code_LZOOOI 1 190335 _nakamural CFOI

8202 T==21, Exp=5

Fig. 3-03. Image sequences No. 78, 80, 81, and 82. All of the examples were simultaneously observed with each other and with all examples
from No. 78 to No. 94 (Train 42).
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Code=L200111190147 ishiduka2CF02

136—03.Ts=75, Exp=1 136-04.T==9, Exp=1

136—05.T=s=10.5, Exp=1 136—-06.Ts=12,

136—-08.Ts=15, Exp=1 136-09.T==18.5, Exp=1 136-10.Ts=18,

136-11.T5=19.5, Exp=1 136—12.Ts=21, Exp=1 136—13.Ts=22.5, Exp—1 136-1 4.T:E;:‘-__-"il.
Code=L200111190147 watanabel CF01 : :

s

138-02.Ts=14, Exp=4

Fig. 3-04. Image sequences No. 136 and 138. Both of the examples were simultaneously observed with each other and with all examples from
No. 136 to No. 164 (Train 58).
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Code=L200111190147_suzukisal CDO1

139-02.Ts=19, Exp=2 139-

139-01.Ts=183, Exp=2, FOV=187x9, 139-04.Ts=32, Exp=2

. 2 139-07.Ts=51, Exp=2 139-08.Ts=59, Exp=2 139-09 T==60. E
Code L200111190147 oguranobiCFﬂl - ; R s :

1 1 07_T:5:1 03, Exp=4 141-08.Ts=111

130-10.Ts=127, Exp=1 130—11.T==136, Exp=A4 _ 130-12.Ts=145,

130-14.T==165, 130-15.Ts

Fig. 3-05. Image sequences No. 139 and 141. Both of the examples were simultaneously observed with each other and with all examples from
No. 136 to No. 164 (Train 58). Clear double-striation structure of persistent trains was clearly seen in the examples of No. 129.
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Code=L200111190147_takedayal CFOI

142-02.Ts=12, Exp=2 142-03.Ts=18,

. 1. a. 142-04.Ts=18, Exp=2 TAZ2-B5. Ta=21. B
Code L2001 11 1901 47 kuritanal CFO1

143-02.T==189, Exp=5 143-03.T==26,

143— xp=5 143-05.T==45,

Code= L20(}I11190147.a...|11|kurasICF01 Code= 1200111190147 Iobayashi CFO!

145-01.T=

, Exp=1 xp=d

Fig. 3-06. Image sequences No. 142, 143, 144, and 145. All of the examples were snnultaneously observed with each other and with all exam-
ples from No. 136 to No. 164 (Train 58). Accompanied small structure seen in image No. 145-01 was another train (Train 59).
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Code=L200111190217_aizawajol CFO1 Code=L20011119021 7oguranobICF01

199-01.Ts=13, Exp=2 1 3%6.8 200-01 T==18

199-02.T==15, 199-03.Ts=17, Exp=2 200 02 T_ _ o=~
Code=L200111190217 _takedayal CFOI Code=L200111 19044905uzuklsal CD 1

201-01.T; A401-01.T==6, Exp=2, FOW=20 6x
Code L2001 11 1904490todamasal CFO1

403-01.T=s=14, Ex

Fig. 3-07. Image sequences No. 199, 200, 201, 401, 403, and 404. The No. 199, 200, and 201 were simultaneously observed with each other
and with all examples from No. 199 to No. 208 (Train 75). The No. 401, 403, and 404 were also simultaneously observed with each
other and with No. 402 (Train 170).
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Coe=L2001 11190455 todamasal CFO1

413-02.Ts=7, Exp=1

A413-01. et U S v 3 413-04.T=s=9, Exp=1 | 413-05.Ts=10, :-: p=
Code=L200111190455 suzukisal CDO1

&=

414-04.Ts=34, Exp=2 414-05.T=s=40, E

5, Exp g 3 ;
Code=L200111 19045_ma Code=1200211192035_tomarivol CFOI

416-01.Ts dat; D, i) x18.7 . 471-01.T==12, Exp=0.3, FOV

Exp=1

Fig. 3-08. Image sequences No. 413, 414, 416, and 471. The No. 413, 414, and 416 were simultaneously observed with each other and with all
examples from No. 413 to No. 421 (Train 175). The No. 471 was simultaneously observed with No. 472 and 473. Note that the No.
471 was observed in Arizona, USA (LT=UT-7h=JST-16h).
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Code=L199811180413 _yamanakal CF02 Code=L199811180413 _shitaran1 CF02

45—-01.T==43, Exp=5, FC
Code=L199811180413 obamasathFOI

46-01.Ts=10, Exp=4, FOV=b8x45 B | 47-01.Ts=95, Exp=15, FOV
Code=1L19981118041 3 takedayaI CF02

48-04.Ts=47, Exp=10

48-05.T=s=58, Exp=10 48-06.T==71. Ex

, Exp=10 48-08.T= Exp=10 =E 5, Exp=10 48-10.Ts=118, Exp=

Fig. 4-01. Image sequences No. 44, 45, 46, 47, and 48. All of the examples were simultaneously observed with each other and with all exam-
ples from No. 38 to No. 57 (Train 30).
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Code=L199811180413 kuritanal CFO1 Code=L199811180413 kobayashiCF03

50-01.Ts=35
Code=L199811 180413 suzuklbuIMDOI

TR _33.JPG Noy 18, 0411401 JST, 1998, by B.Suzuki and H. Shinohara (C)
Muteh CV-04 electrig cooled CCD (768*512), f=50mm F1.4. Exp.=3.0scc
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Code=L199811180444 shitaran1 CFO1 Code LI 9981 I 180444 aizawajol CFOI1

Fig. 4-02. Image sequences No. 49, 50, 51, 59, and 60. The No. 49, 50, 51 were simultaneously observed with each other and with all exam-
ples from No. 38 to No. 57 (Train 30). The No. 59 and 60 were simultaneously observed with each other and with No. 61 and 62
(Train 32).
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Code=L199911190136_suzukisal CF0OI1

66—-02.Ts=55, Exp=9 66-03.Ts=65,

FOW=16.9x11.3 B66-04.T==75, E':-:':[:'u:E' .Ts=8h, 9
Code= LI 9991 1190136 kobayaskl CFO1 Code=L1999111901 36,ngashiml CFO1

68-01.Ts=61, Ex|

Code L199911190231 _suzukisal CFO1 . Code= L19991119023I kurodatolMFOI

0, Ex p=9, FOV=16.9x11.3 71-01.T==7, Exp=10, F(

Fig. 4-03. Image sequences No. 66, 67, 68, 70, and 71. The No. 66, 67, and 68 were simultaneously observed with each other (Train 35),
whereas, a simultaneous observation was established among the No.70, 71, and 72 (Train 37).
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Code=L199911190332_todamasal CFO01

F3-02.T==17, Exp=2 13-03.Ts=19, Exp=2

73-04.Ts=21, Exp=2 73-05.T5=24, E

73-07.Ts=28, 73-09.Ts=32, Exp=2 73-11.T5=37, Exp=2 73-13.Ts=41, Exp=2
Code=L199911190426 _ichikawal CFO1 Code=L199911190426_maruokakl CFO1

75-01. . Exp : 0, Fo - ; 76-01.Ts=6. Exp=15, FC 15.6
Code=L200011190335_okayasuh1CF01 Code=L200011190335 _uchiyvamal CGFO1

Fig. 4-04. Image sequences No. 73, 75, 76, 83, and 84. The No. 75 and 76 were simultaneously observed with each other (Train 40), whereas,
a simultaneous observation was established from No. 78 to 94 including the No. 83 and 84.
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Code=1.200011190335_higayosh1 MFO1

79-02.Ts=18, Exp=2

79-04.Ts , Exp=2 79-05.T¢ B 2
Code=L200011190335 kannofum1CFO1

Exp=10, FOV=11.5x7.7 o 86-01 Ts=35, Exp=5, FO\V=13.2

85-02.Ts=113. E 85—03.T==122, Exp=9
Code=L200011190335_yoshidaal CFO1

88-01.Ts=ro

Fig. 4-05. Image sequences No. 79, 85, 86, 87, and 88. All of the examples were simultaneously observed with each other and with all exam-
ples from No. 78 to No. 94 (Train 42).
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Code=L200011190335_saitomas| CF02 Code=L200011190335_ikeshital CFOI1

90-01.Ts=42, Exp=5, FO\

O,T : Ex ;::IZ 89-04 T==44, Exp=h 90-02 Ts=53, Exp=h 90-03.Ts=61. E
Code=L200011190335 satomakolCFOI Code=L200011190335 futabaful CF0O

92-01, 02.Ts=no data, Exp=8, FOV=no data
Code=L200011190335_shibuyasi1 CFO1

93-01 TE:: lata, Exp= ata, o data Exp=10,

Fig. 4-06. Image sequences No.89, 90, 91, 92, 93, and 94. All of the examples were simultaneously observed with each other and with all
examples from No. 78 to No. 94 (Train 42).
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Code=L20001 1 190508,yamamotol CFO1 Code=L200111190050 ikeshital CFCQ1

Exp=4, FOWV=16.3x109 100-01.Ts=16, Exp=3, FOV=152

95 03.Ts=30, Ex ;n——l 100—02_T3:E‘1 ,Exp=3 100—03_T::—£Ei_.
Code L200011 190508 _satomikil CFO1 Code=L200111190050 oguranobl1 CF01

6*01 Ts=1058, Exp=120, FOV=no data 101-01 .T:—z.1 4, .:-:.:;:uzil_. 'ZI:II'
Code=L200111182354 suzukisal CDO1 : P :

98-01.Ts=11. E 101~

Fig. 4-07. Image sequences No. 95, 96, 98, 100, and 101. The No. 95 and 96 were simultaneously observed with each other (Train 43), where-
as, a simultaneous observation was established among the No.100, 101, and 102 (Train 46).
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Code=L200111190106_suzukisal CDOI Code=L200111190106_todamasa2CF01

105-01.Ts=25, Exp=2, FOV=12.7x85 107-01.Ts=14, Exp=1, FO

105— xp=2 107-02.Ts=13, Exp=1 107-03.Ts=16, Exp
Code= LZOOI 11 1901 07 oguranobl CFO1 Code=L2001111920056_suzukisal CDO1

103-01.Ts=10, Exp=2,

109-05 T==!

109-13.Ts= 4 = xp=h 109-17.Ts=149, Exp=4

Fig. 4-08. Image sequences No. 103, 105, 107, and 109. The No. 105 and 107 were simultaneously observed with each other and with No. 106
and 108 (Train 48).
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Code:LZOI 111901 IﬁBoadaminI MFO1 Code=L200111190116Byoshinoyl CF01

113-01 ta, Exp=4, FOV 7 114-01.Ts=17. B
Code LZOOH I 1901 IGBtodamasaZCFOl

115-02 T==4, Exp=1 115-03.Ts=6, Exp=1

115 01.7s=3, . , FOW=3 ) 115 04.T=s=7, Exp=1 | 11 —05.Ts ..
Code=L2001111901 IﬁBsuzuklsal CDO1 Code= LZOOI 111901 IﬁBkurltanal CFO1

116-01.T, 118-01.T==14, E._;_u—._'. FOWV=11.5x77

Fig. 4-09. Image sequences No.113, 114, 115, 116, and 118. All of the examples were simultaneously observed with each other and with No.
117 and 119 (Train 51).
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Code=L200111190122_suzukisal CDO1 Code=L200111190136 _kuritanal CFO1

120-01. . E
Code=L20011

Code=L200111190136_

124-25.T
Fig. 4-10. Image sequences No. 120, 121, 122, 123, and 124. All of the examples except the No. 120 were simultaneously observed with each
other and with all examples from No. 121 to No. 130 (Train 53).
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Code=L200111190136_natsumeyl1CFO1

xp=no data, FOV=152x10.2

Code=L200111190136 _yoshinoyl CFO1

128-01.Ts=14, ] FH V=152x102
Code=L2001111901 3_koshiyaml CFO1

Fig. 4-11. Image sequences No. 125, 126, 128, 129, and 130. All of the examples were simultaneously observed with each other and with all

examples from No. 121 to No. 130 (Train 53).

Code=L200111190136_suzukisal CDO1

1 CMa

b

-

126-01.Ts=14, Exp=2, FOV=12

128-04.Ts=41, Exp=8 128-05.T5=49, 3
Code=L200111190136_owadaminl MFO1

130-01.Ts
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Code=L200111190147_owadaminl MFO1

Code:LZOOI i1 1901l47 |sh|dukal MFO1

137-

Fig. 4-12. Image sequences No. 137, 146, 147, 148, and 149. All of the examples were simultaneously observed with each other and with all
examples from No. 136 to No. 164 (Train 58). The No. 137 taken by 400 mm telephoto lens was the finest image sequence during

the period 1998-2002.

146-02.Ts=21, Exp=4

31, Exp=4

146—-03.Ts=26, E

146-05.Ts=36, E

Code L200] 11190147 komorlyal CFOI

148-01.Ts=32, Exp=10, FC

Code= LZOOI I 1 190147_todamasa20FOI

149-01 T

Exp=1
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Code=L200111190147 koshivami1CFO1

Code LZOGI 11 1901 47 nomotosal CFO1

151-01.Ts=no data, Exp=no data, FO
Code=L200111190147 natsumeyl CFO1

153-01.Ts=17, Exp=5b, FOV=152x10

150-04.Ts=48, Exp=9 150-05.Ts=57. E
Code=L200111190147 _yamadayo1CFO01

152-01.Ts=4, Exp=10, FO
Code=L200111190147_ saltomasI MFO1

154-01.T=s=no data, Exp=no data, FC

154-02.Ts.B

Fig. 4-13. Image sequences No. 150, 151, 152, 153, and 154. All of the examples were simultaneously observed with each other and with all

examples from No. 136 to No. 164 (Train 58).
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Code=L200111190147 _tomarukul CFQ1 Code:LZOOII 1190147 konishit1 CFQ1

155-01.Ts=no data, Exp=no data, FO" 157-01.Ts=147,

155-03.Ts.Exp=nu
Code LZOOI 11 1901 47 seklguchl CFO1

1568-01.T==14,
Code=L200111 1901 48 suzukisal CDOI1

165-01.Ts 3 167-01.T=

Fig. 4-14. Image sequences No. 155, 157, 158, 159, 165, and 167. The No. 155, 157, 158, and 159 were simultaneously observed with each
other and with all examples from No. 136 to No. 164 (Train 58). The No. 165 and 167 were also simultaneously observed with each
other and with all examples from No. 165 to No. 172 (Train 59). Train 59 was observed just after the appearance of the brightest
train (Train 58) in the same FOV.
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Code=L200111190158Anatsumeyi1CF01 Code=L200111 190200_oazakial CF03 _

—hno data, FOV=152x102 177-03 Ts=no data, Exp
Code=L200111190201 suzukisal CDO1 Code=L200111190201 komorlyal CFOI

178-01 Ts=11, Ex 180-01.Ts=no data, Exp=no data, FO
Code LZOOIHIQ _ Ol oguranoblCFOI S L

181

181-05. Ts=47,

181-0¢ 181-07. T R

Fig. 4-15. Image sequences No. 173, 177, 178, 180, and 181. The No. 178, 180, and 181 were simultaneously observed with each other and
with No. 179 and 182 (Train 63).
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Code=L200111190203Bkatokenjl1 CFOI

187-01.7¢ :p=1, FOV=15.¢

' S 187-03, To42, E»
Code LZOOI 11 19021 5Aowadam|n1 MFOI

Code LZOOI 11 19621 5Ba|zawaJoI CFO1

Fig. 4-16. Image sequences No. 187, 188, 196, and 197.

Cde=L20 111 902Aoguaobi CFo1

188-01.T

106-03 Ts=56, Exp=4

196-07.T=

197
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Code=L20011 l' 9021 _kobayashl CFO1 - Code=L200111190217_komoriyal CFO1

Code LZOOI 1 I 19021 7 koshlyam1 MFO1

204-02.T==21, Exp=h

203—-02 Ts,Exp=no data

203-03.Ts.Exp=no

204- 03 Ts=27, E

Code -LZOOI 1 H 9021 7h|gayoshl MFOI - Code=L20011119021 7_h|gayoshZCF01

905-02 Ts=16, Exp=1 205 206-02.Ts=16, Exp=1

206-01.Ts=13, Exp=1, FOV

Fig. 4-17. Image sequences No. 202, 203, 204, 205, and 206. All of the examples were simultaneously observed with each other and with all

examples from No. 199 to No. 208 (Train 75).
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Code=L200111190238_nakatsukl CF02 Code=L200111 190238_a=wazusa1 CFO1

211-01.Ts

92, Exp 210-06.T==1102, E
Code=L200111 190242Aalzawa_|ol CFO1

214-03.Ts

214-05.T

Code= -LZOOI I I 190242A0guranobl CFO1

215

Fig. 4-18. Image sequences No. 210, 211, 214, and 215. The No. 210 and 211 were simultaneously observed with each other and with No. 212
and 213 (Train 77), whereas, a simultaneous observation was established among the No.214, 215, 216, and 217 (Train 78).
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Code=L200111190242Bkatokenjl MF02

218-03.Ts=11. Exp=1 218-04.7T==12. E

Code VLZOOI 1 1 1 902;4ZBfJ|tam|l CFOI

. T W T _
Code= LZOOI I I 190250 tanakanal CFO1 Code= L200] i1 190247 tanakanal CFOI

224-01.T 0, Exp=10, FOWV=39x286 223-01.T==10, Exp=10, FO

224-05.T 0 224-07.T==14C

Fig. 4-19. Image sequences No. 218, 219, 220, 223, and 224. The No. 218, 219, and 220 were simultaneously observed with each other and
with No. 221 and No. 222 (Train 79).
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Code=L200111190252Baizawajol CFO1

227
Code= LZOOI 11 19025205uzuklsal CcDO01

228-01.T.
Code=L200111 190252Dk05hiym1 MFO1

231-01.T

Fig. 4-20. Image sequences No. 227, 228, 230, 231, and 232. The No. 228 and 230 were simultaneously observed with each other and with No.

227-02.Ts=14, Exp=2 227-03.T==18 E

ol 227-05.T==21,E 2
Code LZOOI 1 1190252Ct0damasa20F01

Code L2001 i1 190252D0wadam|nl MFO1

232-01.Ts

 9230- - 23—

229 (Train 84). The No. 231 and 232 were also simultaneously observed with each other from one observational site.
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Code=L200111190253 aizawajol CFO1

233-01.T

240-01.Ts=7, Exp=2, FOV=

240-02 Ts=1, Exp=1 240-03 Ts=2, Exp=1
Code=L200111190302 todamasaZCF01

244-01.Ts=

Code=L2001111920302 natsumeyl1CFO01

939-01.Ts=6, Exp=5, FOV=15.2x102
Code=L20011 I 190302 koshlyaml MFO1

242-01.Ts=18, Exp=5, FOV=2

242-02 Ts=1, Exp=1 242-03.Ts=2, Exp=1

244-03.Ts=3,

244-04 Ts=4, Exp=1 244-05Ts p=1

Fig. 4-21. Image sequences No. 233, 239, 240, 242, and 244. All of the examples except the No. 233 were simultaneously observed with each
other and with all examples from No. 239 to No. 245 (Train 91).
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Code=L200111190301 _aizawajol CF0O1 _ Code=1.200111190303 owadamini CFO0O1

Code L200] 11 190303 suzuklsai CDOI

249-01.T=s=36, Exp=10,

247— xp=2 249-02 Ts=50, Exp=10 249-03 Ts=64, Exp
Code LZOOI 11 190307Ba|zawajol CFOI

2951-02.T=s=14, Exp=2 251-03.T==18,

251-01.Ts

Fig. 4-22. Image sequences No. 238, 246, 247, 249, and 251. The No. 246, 247, and 249 were simultaneously observed with each other and
with No. 248 (Train 92). No. 251 was observed besides the radiant of Leonids.
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Code=L200111190309Bokazakial CFO1 Code=L200111190319_owadamini CFO1

257-01. T—IIIH a _1.E. f -
Code=L200111 19031 9 suzukisal CDO1

256-01.Ts=10, Ex :: 0, Ft x21.7 258-01.Ts=10, Exp=10, FOX

0 256—03.Ts=h0, Exp=10 - 258-02.Ts=40, Exp=2 25803_T:§;:4?, E
Code L200] 11190321Btanakanal CFO1 Code=L200111190324 tanakanal CFO1

264-01.Ts=10, Exp=10, Fi

Fig. 4-23. Image sequences No. 254, 256, 257, 258, 262, and 264. The No. 257 and 258 were simultaneously observed with each other and
with No. 259 (Train 99).
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Code=L200111190325Akatokenj1MFO1

Code LZOOI 1 I 190325Bkur|tanaICF01

Code=L200111190325Bsuzukisal CDO1

2656-01.Ts

265-02.T==11, Exp=1 265-03.T==12, Exp

265-04.Ts=14, Exp=1 265-05.Ts=15,

06702 Ts=19, Exp=5 267

967-04.Ts=38, Exp=10 267-05 T==52, Exp=10
Code=L200111120325Btodamasal CFO1

270-01.Ts=12, Exp=1. FOV

3. Exp=1 270-03 Ts=14, Exp=1

Fig. 4-24. Image sequences No. 265, 267, 268, and 270. All of the examples except the No. 265 were simultaneously observed with each other

and with No. 269 (Train 104).
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Code=L200111190326_suzukisal CDO1 Code=L200111190326 _kuritanal CF01

36lyn

Code L.‘ZOOI 1 1 19032885uzuklsal CDO1 Code -L20(I)I 111 03288h|gayosh1 MFO1

- : 278—03.T==20, Exp=2
Code= LZOOI 11190330_tanakanal CFOI Code |_200] 11190333 okazakial CFOI

283-01.Ts=10, Exp=10, 287-01.Ts=no

Fig. 4-25. Image sequences No. 273, 275, 278, 280, 283, and 287. The No. 273 and 275 were simultaneously observed with each other and
with No. 274 (Train 107). The No. 278 and 280 were also simultaneously observed with each other with all examples from No. 278
to No. 282 (Train 109).
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Code=L200111190343Cmisatoob| CDOI Code=L200111190348 miikedas| CFO1

302- ta, 46 311 01 Ts=h, Exp=40, FOW=35
Code= LZOOI 11 190344 n tsumeyl CFO1 Code=L200111120344 uyamayosl CFO1

) 305-01.Ts=10, Exp=10, FOV=15.2x102
Code=L200] 11 190354Bam|kurasl CFO1 Code=L200111 190354Bmaekawayl CFOI

314-01.Ts=6, & IW=10. ] 315-01.Ts=no data, Exp=5, FC

314-02.Ts=10, 314-03.T==14, Exp=3 315-02.Ts=no data, Exp=5 315-03.Ts=no

Fig. 4-26. Image sequences No. 302, 304, 305, 311, 314, and 315. The No. 304 and 305 were simultaneously observed with each other and

with No. 306 and 307 (Train 124). The No. 314 and 315 were also simultaneously observed with each other and with all examples
from No. 314 to No. 319 (Train 130).
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Code=L200111190354BhigayoshIMFOI  Code=L200111190354Bkatokenj! CFOI

316-01.T
Code=L2001 I 1 190354Bk0retsunl CFO1

319-01 Ts=11, 331-01.Ts=15, Exp=14, FC
Code=L2001 1 I 190405 _tanakanal CFOI1 Code LZOOI 11190406 kurltanal CFOI

329-01.T xp=10, FO 332-01.Ts=

329- ==a4, 0 329-05.T==6

Fig. 4-27. Image sequences No. 316, 318, 319, 329, 331, and 332. The No. 316 and 318 were simultaneously observed with each other and
with all examples from No. 314 to No. 319 (Train 130). The No. 331 and 332 were also simultaneously observed with each other
and with all examples from No. 331 to No. 335 (Train 138).
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Code=L200111190406_natsumeyl CFOI1 Code=L20011 190406_wadamin CFO1

333-01.T=s=32, Exp=no data, FOV=152x102 334-01.Ts= |...J ata, Ex ,._1|| F

33302 Ts.Exp=no 333-03 Ts.Exp=ro data 334-02.T==10, Exp=10 " 334-03.T=
Code L2001111 90406 koshiyaml MFOI

335-04.T=s=45, Exp=5 335—

339-01.Ts

Fig. 4-28. Image sequences No. 333, 334, 335, and 339. All of the examples except the No. 339 were simultaneously observed with each other
and with No. 331 and 332 (Train 138).
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Code=L2001111920409 natsumeyl1CFO1 Code=L2001111 9049,yamaday01 CFO01

i

340-01.T: dats FONETsReas
Code=L200111120410 okazakial CFOI1

: =90, FOV: 346-01.Ts=6, Exp=1, FOV=6 8x4 5
Code= Code=L200111190414Atanakanal CF0O1

348-01.Ts=no d .«' _ 349-01.Ts=10, Exp=10, FOV

348-02.Ts=nc Exp=10 348-03.Ts=n

Fig. 4-29. Image sequences No. 340, 341, 344, 346, 348, and 349. The No. 340 and 341 were simultaneously observed with each other and
with No. 342 and 343 (Train 141).
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Code=L200111190427Bsuzukisal CDO1

360-01.Ts
Code=L200111 190427Bnatsumeyl CFO1

363— Exp=no data, FOV=152x102
Code= LZOUI 11 19042TBkobayashICFOI

365

365— =4 Ts Exp=4
Fig. 4-30. Image sequences No. 360, 362, 363, 364, 365, and 366. All of the examples were simultaneously observed with each other and with

No. 361 and 367 (Train 153).
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Code=L200111190437 todamasal CFOI Code=L200111190437_suzukisal CDO1

377-M b | l 378-01. 5
Code=L200111190438 sakamotol1CF02 Cde L2001 Il_ 19048 higayosh1 MFO1

381-02.T==10, Exp=1 1-03.
Code=L200111190445Btodamasal CF01

Fig. 4-31. Image sequences No. 377, 378, 380, 381, and 397. The No. 377 and 378 were simultaneously observed with each other and with No.
379 (Train 159). The No. 380 and 381 were also simultaneously observed with each other and with No. 382 (Train 160).
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Code=L200111 190439_guranobl CFO1 _ Code=L200111 190453_0guranol CFO1

411-01.Ts=24, Exp=4, F(

_ : - '. 38 ..
Code=L200111 190439,t0damasal CFO1

0 412-01.T==9, Ex
Code LZOOI 11 190439 suzuklsal CDO1 Code=L200111 190455 _ckayasuh1 CFO1

385 = -01. Exp=1.

Fig. 4-32. Image sequences No.383, 384, 385, 411, 412, and 417. The No. 383, 384, and 385 were simultaneously observed with each other
and with all examples from No. 383 to No. 388 (Train 161). The No. 411 and 412 were also simultaneously observed with each
other (Train 174). Train 417 is one of the simultaneous observations for Train 175.
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Fig. 4-33. Image sequences No.430, 432, 435, 436, 437, and 448. The No. 430 and 432 were simultaneously observed with each other and
with No. 431 (Train 180). The No. 436 and 437 were also simultaneously observed with each other and with No. 438 (Train 183).
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Fig. 4-34. Image sequences No.463, 466, 467, and 475. The No. 466 and 467 were simultaneously observed with each other and with No. 468
and 469 (Train 200). Note that the No. 463, 466, and 467 were observed in Canary islands, Spain (LT=UT=JST-9%h).
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Fig. 4-35. Image sequences No. 470, 472, 473, and 474. The No. 472 and 473 were simultaneously observed with each other and with No. 471
(Train 202). Note that all of the examples were observed in Arizona or California, USA (LT=UT-7h=JST-16h).
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Fig. 5-01. Image sequences No. 52, 53, and 62. The No. 52 and 53 were simultaneously observed with each other and with all examples from

No. 38 to No. 57 (Train 30).
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Fig. 5-02. Image sequences No. 102, 110, and 134. The No. 102 was simultaneously observed with No.100 and 101 (Train 46).
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Fig. 5-03. Image sequences No. 160, 161, and 183. The No. 160 and 161 were simultaneously observed with each other and with all examples
from No. 136 to No. 164 (Train 58). The train 58 was observed continuously for about 1 hour.
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Fig. 5-04. Image sequences No. 195, 207, and 208. The No. 207 and 208 were simultaneously observed with each other and with all examples
from No. 199 to No. 208 (Train 75).
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Fig. 5-05. Image sequences No. 212, 222, 235, and 250. A bright parent fireball of Train 77 was fortunately observed in the same FOV of the
video file of No. 212.
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Fig. 5-06. Image sequences No. 263, 276, and 288.
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Fig. 5-07. Image sequences No. 294, 303, and 330. A "Mesh" structure was clearly observed in the later part of image sequence No. 330.
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Fig. 5-08. Image sequences No. 342, 350, and 354. The No. 342 was simultaneously observed with No. 340, 341, and 343 (Train 141).
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Fig. 5-09. Image sequences No. 371 and 426.
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Fig. 5-10. Image sequences No. 418, 419, 465, and 468. The No. 418 and 419 were simultaneously observed with each other and with all
examples from No. 413 to No. 421 (Train 175). The No. 468 was simultaneously observed with No. 466, 467, and 469 (Train 200).
Note that the No. 465 and 468 were observed in Canary islands, Spain (LT=UT=JST-9h).
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4. Discussion

Each historical perihelion passage of the comet
55P/Tempel-Tuttle has generated Leonid meteor storms on
the Earth, and the high incidence velocity of the Leonids
results in the frequent appearance of very bright fireballs.
Hence, the generation rate of persistent meteor trains during
Leonid storms is considered to be much higher than during
other meteor showers. The five-year period following the
most recent perihelion passage of the comet Tempel-Tuttle
in 1998 therefore represented a rare opportunity to obtain
valuable data regarding persistent meteor trains. The con-
certed observation plan implemented during the METRO
campaign resulted in the establishment of reliable observa-
tion techniques for obtaining high-quality images of persis-
tent meteor trains, and has led to the collection of a statisti-
cally sufficient number of persistent train images.

Vast numbers of images were successfully collected by
the METRO campaign because many amateur observers
were voluntarily contributed to the observation campaign.
However, much time was needed for data collection as well
as much effort was required for one-by-one confirmation of
complete datasets for each observation. Another difficulty
during the surprising outburst of Leonid's persistent trains in
2001 was in the identification process of multiple persistent
trains observed within one minutes.

From the vast numbers of persistent train images
obtained in 2001, the hourly rate (HR) of photographed per-
sistent trains could be investigated in comparison with the
HR of observed parent fireballs. As was shown in Table 1,
significant number of persistent trains were continuously
observed for a few hours even after the storm peak at around
18:10 UT on Nov. 18, 2001. The circumstance is worth dis-
cussing because the numbers of persistent trains might natu-
rally be in correlation with those of observed meteors. In fig-
ure 6, the HR trend of photographed persistent trains is plot-
ted in comparison with the visual observation of Leonids in

100 2000
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80 {right axis) / s
1 1500
—
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Time [UT]  (Nov. 18, 2001)

Fig. 6. Hourly rate (HR) of photographed persistent trains at around
the Leonid storm peak in 2001. The HR data of persistent
trains was obtained by one observer (S. Suzuki) who report-
ed the maximum numbers of persistent train images in all
collaborators. The HR and CHR distributions for Leonid
meteors were provided by Uchiyama (2004, private commu-
nication) on the basis of his statistical study of Japanese
visual observation in 2001.

2001 (Uchiyama 2004, private communication). Although
the CHR trend for all meteors clearly decreased just after the
peak time, no clear decrease of bright meteors was con-
firmed. The HR trend of persistent trains correlated not with
the CHR trend of all meteors but with the HR trend of bright
meteors. Appearance probability of persistent trains per
bright meteors (—2 mag. or brighter) was derived to be about
20 %.

Ogawa and Uchiyama (2001) studied the ZHR value
per magnitude class for corresponding visual observation
data and concluded that the ZHRs per magnitude class for —2
magnitude or brighter were almost constant at around the
peak time. Another statistical study of the Leonids in 2001
also suggested that the effect of 9th revolution dust trail indi-
cated no symmetric trend (Uchiyama 2002). Lyytinen and
Van Flandern (2000) predicted dust trails of 10th and 11th
revolutions would slightly effective in background activity
of Leonids at around 19:10 UT on Nov. 18, 2001. The long-
lasting fireball storm with vast numbers of persistent trains
suggested a possible encounters to old dust trails as an
exceptional source of fireballs.

A morphological study of Leonid's persistent trains by
using 102 series of fine image examples obtained in 2001
was summarized by Higa et al. (2003). Large-scale struc-
tures of persistent trains were classified into two types: 66
(64.7 %) single-striation trains and 36 (35.3 %) double-stria-
tion ones. Typical single-striation train is Train 30 (e.g. Fig.
3-01) and double-striation one is Train 58 (e.g. Fig. 3-05),
for example. Tiny structures of persistent trains were classi-
fied into 3 categories: 75 (73.5 %) examples of knot struc-
tures, 21 (20.6 %) spiral structures, and 6 (5.9 %) mesh
structures. Typical spiral structure is shown in image
sequence No. 205 (Figure 4-17) and mesh structure is indi-
cated in sequence No. 330 (Fig. 5-07), whereas knot struc-
tures are frequently seen in many image sequences. These
tiny structures are considered to be formed by turbulent dif-
fusion process of dense train plasma in upper atmosphere.

The METRO campaign for imaging Leonid meteor
trains was promoted during the 1998-2002 period (Toda et
al. 2003) and involved the distribution of a campaign manu-
al. The collaborating amateur observers appeared eager to
incorporate the proposed observation techniques, and a large
number of persistent trains were successfully imaged by
amateur observers using their own equipment and the tech-
niques suggested. These earnest collaborators undertook
these observations positively and voluntarily, and were
happy to provide their results to the organizers of the
METRO campaign. With the recent expansion of computer
access, the organizers were able to maintain close correspon-
dence with the collaborators through electronic mailing lists,
allowing the observation techniques to be discussed. The
success of the METRO campaign again demonstrates the
eagerness and skill of amateur Japanese observers. It is con-
sidered that providing scientifically interesting and observ-
able targets with clear objectives, suitable observation manu-
als, and comprehensive reports in scientific meetings, are the
keys to securing the motivation of collaborators. The
METRO campaign can thus be identified as a "social partici-
pation science," that is, groundbreaking science that can be
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undertaken using the motivation and skills of highly educat-
ed people living in an advanced information society. It is
expected in the near future that the development of scientific
studies in collaboration with the general public will emerge
in many scientific fields.

5. Conclusion

Collaboration with many skillful amateur observers for
the imaging of persistent meteor trains during the 1998-2002
Leonids perihelion event was successfully achieved through
the promotion of the METRO campaign in Japan. The pro-
gram resulted in the collection of 439 image sequences of
Leonid meteor trains including multiple-site observations.
This data set has led to the first statistical analysis of the
morphology of persistent meteor trains. For example, a
three-dimensional analysis of multiple-site observation
results has clearly revealed the large-scale spiral structures
of persistent trains (Yamamoto et al. 2003), and the statisti-
cal study of persistent train morphology has now been well
established (Higa et al. 2003). Detailed analyses using the 53
examples of multiple-site observations will be carried out in
the near future, through which the detailed three-dimensional
structure of the persistent meteor trains is expected to be
revealed.

Image data recorded in two parts on this catalogue will
be stored to future generations. The catalogue of persistent
train images may prove to be invaluable, because although
the period of the comet Tempel-Tuttle is relatively short (33
years), not every perihelion return of the parent comet will
generate meteor storms with many persistent meteor trains.
Thus the image catalogue is recorded for reference and will
be beneficial for researchers in future generations.
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