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On the period of the Geminid meteor stream

s Jones Department of Physics and Centre for Radio Science, University
of Western Ontario, London, Canada N6A K7
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Summary. We have devised a new method for analysing the periodicities
from year to year in meteor-shower activity. This appears to give more repro-
ducible results than have been previously obtained and the orbital period of
Geminid radio meteors is found to be close to 1.49 yr, a value consistent with
the decrease in period of faint meteors and also with the systematic change
of solar longitude at maximum shower activity with decreasing meteoroid
size. When interpreted in terms of the Poynting—Robertson effect, these
data indicate a stream age of 4.7 x 10 yr which is sufficiently long to explain
the lack of very large concentrations of particles in the stream.

1 Introduction

he Geminid and the Perseid meteor showers provide the meteor astronomer with two of
the most reliable sources of observational data. Yet, while records of Perseid meteors go
dack over 1000 yr, the Geminid shower was discovered only relatively recently (in 1862 by
Greg and also by Marsh & Twining (King 1926)). It is also noteworthy that there is no
Lnown comet associated with the Geminid stream, the orbit of which is one of the smallest
smong both meteor streams and comets. The rate of Geminid meteors does not vary very
much from year to year, suggesting that the meteoroids are well on the way to being evenly
&ibuted around the orbit and that the stream is in fact much older than its short recorded
ristory might imply. Taking the mean spread in velocitics of the meteoroids when released
{rom their now vanished parent comtet to be about 10 m/fs (see Whipple 1951), we find that
« would take about 3000 yr for non-uniformities in the particle density around the orbit to
pe dispersed.

How can we make an independent estimate of the age of the Geminid stream f{rom the
pilable obse rvations? A very promising approach is to examine the variation of some of the
aebital purameters of members of the stream with mass. Such variations are likely to be the
eesult of the Poynting Robertson elfect whereby particles experience a tangential relativis-
o retarding force which inereases for decreasing particle size and which causes the particles
ta spiral into the Sun. Thus the change of semi-major axis of the orbit with meteoroid size
provides some measure of how long the process has been operating.
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540 J. Jones
measurements of Geminid meteors lave been made with the

Some of the most precise
961 ; Hawkins & Southworth 1961}, but these

Super-Schmidt cameras (Jacchia & Whipple 1
observations refer only to fairly bright meteors. The orbits of fainter metcors have been

determined by an ingenious radio technique (Gill & Davies 1956; Davies 1957) swhich,
although not as accurate as the photographic method, has the compensation that many more
meteors can be observed in this fashion.

A second avenue of attack is through the analysis of the rates of Geminid meteors from
.g. Hajduk, Mclntosh & Simek 1974; Meclntosh 1974 and more recently
for periodicities in the rates of Geminid
amounts of very

year to year (see, e
Simek 1976). Since this method involves searching
choes over the years, it avoids the necessity of collecting large
defermination of individual orbits. In the pag,

two metltods have been periodicity; Fourier analysis (Mclntosh
1974) and the use of a ‘simplicity index’ (éimck 1976). While the Fourler technique might
see to have much to recommend it, Melntosh found that the results so obtained were very
dependent on whether the data for 1958, in which the Geminid shower was unusually active,
were included in the analysis. Without the 1958 data there scemed to be two distinct com.
ponents, with periods of 1.5 and 1.64 yr. With the inclusion of the 1958 data the 1.64.y
component disappeared completely (sce Fig. 1). Melntosh concluded that the abnormally
high rate in 1958 was associated with the 1.5-yr component but that there are in fact twg
components present. Although the possibility of a split Geminid stream cannot be ruled ou,
it is difficult to find a mechanism which could cause such a split and, since Mclntosh himself
has demonstrated the sensitivity of the method to the data which are included in the analysis,
we feel it likely that the split stream is also an artefact of the Fourier method.

Simek’s suggestion of the stmplicity index, whereby the most probable particle distriby.
tion is that which shows the least number of maxima, reflects the need for an altogethe
different method of analysis. While Simek's index leaves much to be desired, itincorporates
the important idea that there is a unique period for the meteoroids being observed, thereby

meteor ¢
detailed information as is required for the
employed to extract the
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excluding at the start the notion of a split stream. This is the approach we have taken here
and in the subsequent section we have tried to develop a more quantitative simplicity index.

3 New criteria for the simplest distribution

The aim in developing the following index was to make use of all the data points in any
measure of simplicity- Following Simek (1976), we start by assuming a time period T and
with this we translate the activity from year to year into activity around the orbit. Next, we
sort the activities R;-in- terms of ascending order of 0, their relative position in the orbit as
caleulated from this fomula

0= (3 — m‘igin) x 360/T,

where 1: is the year in which the ith set of data was collected and Y44, the year chosen as
origin. We used 1960 but of course any year can be used.

If we now imagine the points to be plotted in polar coordinates as shown in Fig. 2, we
can easily caleulate the distances 4; ;4 between adjacent points and so determine the total
length 1 of the line which joins all the points. It is an implicit assumption that there is suffi-
cient order in the meteoroid density round the stream that, when the correct orbital period
is used, the neighbouriiig points in Fig. 2 will be highly correlated. Any rearrangement of
the points will tend to destroy this correlation, so we expect the correct choice of orbital
period to be marked by‘a minimum in /. We have tested this scheme with some simulated
data and the results of-one such test involving ‘14 years’ of data is shown in Fig. 3. The
paramelers of the snnuhted data were chosen to facilitate comparison with the observational
data of Mclntosh, which is analysed later. Many such tests were carried out and in no case
was the apparent orbital period different from the actual period by more than 0.03 yr. It
was also found advantageous to use a running mean of [ calculated over a 0.1-yr interval
which reduced the random fluctuations in the background without attenuating the minimum

in the curve.

3 Application to observational data

we have used the method with Mclntosh’s Geminid radio-meteor data obtained in Ottawa
snd have paid particular attention to the effect of excluding the 1958 observations. The

—
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Figure 2. Palar plot ol Ry The quantity Lis the total length ol the perineter.
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We also tried the method with the Czechoslovakian data published by Hajduk, Mclntosh
& Simek (1974), but the minimum in the curve (see Fig. 4) did not seem delinite enough to
justify attaching especial significance to it. This is probably because the Czechoslovakian
Jata was for only 10 years in contrast to the 14 years of Canadian data,

4 Comparison with other Geminid meteor observations

The otbital period of 1.49 yr obtained here appears much lower than the periods of about
1.6-1.7 yr found for photographic meteors, but it is possible that the period is a function of
meteor magnitude. Fig. 5 shows a plot of otbital period against magnitude {or several sets of
ohservational data which we consider to be among the most precise available. Our result is
een to agree with that of Kashcheyev & Lebedinets (1967) and there seems to be a steady
decline in period with decreasing meteoroid size.

Because precision orbital data are relatively scarce we have tried to seek some confirma-
ton of the systematic change found above. One convenient way is by use of the solar
Jongitude at the time of maximum meteor activity as a function of meteor magnitude. It
is well known (see for example Kresak & Kresakova 1974) that, while the aphelion distance
of an orbiting body decreases relatively rapidly as the body spirals into the Sun as a result
of the Poynting—Robertson effect, the perihelion distance remains substantially constant
until the orbit has become almost circular. Therefore, if we assume the perihelion to be
constant, we can use the variations with magnitude of solar longitude at peak activity to
caleulate changes in semi-major axis of the orbit and hence period, For the Geminid stream
this is made easier by the fact that the inclination of the Geminid orbit is only 237 or so
and for our purposes we can assume the orbit to be in the ecliptic.
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Figure 5. Orbital period versus mean magnitude: (@) Whipple (1951), (b) Jacchin & Whipple (1961),
(c) Hawkins & Southworth {1961), (d) Kashcheyev & Lebedinets (1967), (e} present work, solid line —
fastsquares it ol straightline,
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Fig. 6 shows a plot of solar longitude at peak activity for observations at several magnj.
tudes and it is obvious that there is a steady decline of Ao pmax with increasing magnitude,
Starting from the equation of the orbit
(1 +¢ccosl)

i (4.1)
q(l+e)

where € is the eccentricity, r the length of the radius vector from the Sun, g the perihelio
distarice and 0 the angle which the radius vector makes with perihelion, it is fairly straight.
forward to show that, if the periliclion point is fixed, a small change in 0,dd, corresponds to
a change de in the ceeentricity given by

1_
;

- sin {1 (0
4= e —an e
With the figures supplied by Cook (1973) of
a (semi-major axis) = 1.36 AU,
e = 0.890,
g =0.142 AU,
we [ind de = 0.01178 over the magnitude range —4 < M < 6.

Ou the same asstmptions as before, the change in semi-major axis is given by

qde

e e i

When the numbers above are substituted in equation (4.3), we find that the data for soly
foneitude at maximum activity correspond to a change of — 0.0155 % 0.00068 AU per magni.

ot
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rude, which compares very favourably with the value of —0.009 + 0.001 obtained from the
data for the semi-major axis.

Finally we can interpret these figures in terms of the Poynting—Robertson effect. It is
convenient to use the formulae given by Lovell (1954):
do Kk(2+3e%)

P e

where

3 T ok

k= (4.5)

p'rp
and r,, is the particle radius. Taking the typical mass of a radio meteor to be 107 g and its
density to be 1 g;’cnﬁ 7 is about 0.06 cm, so we find the time required for a shift of 0.1 AU

(0 be about 4.75 x 103yr which is certainly sufficient time to allow any large concentration
of purticles to disperse.

§ Conclusion

We have presented a new method for searching for periodicities in meteor-shower rates
which gives the most reproducible results to date and have determined the orbital period of
Geminid radio meteors as 1.49 £ 0.03 yr. It is not clear how reliable this value is, since it is
based on the asswmption that there is large-scale order in the meteoroid distribution round
the stream, but precision orbital data reveal a systematic change of orbital parameters with
meteor magnitude which is consistent with this period and morcover this trend is in good
sgreement with the variation of solar longitude at maximum meteor activity. If this trend is
due solely to the Poynling—Robertson effect then the age of the stream is about 4,75 % 10%yr
which is in good agreement with the time of 3 x 10%yr required for the dispersion of
punches of particles. The late discovery of the stream is likely to be due to the fact that not
pntil the mid-nineteenth century was there sufficient interest in meteor astronomy to
stimulate observation during the winter months,
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Abstract

An extensive Giacobinid meteor shower was recognized in the evening of October 8th, 1985,
all over Japan. We carrfied out a TV observation of the shower at Dodaira Station, Tokyo
Astronomical Observatory. Although the observation was made in the decreasing stage of the
shower, 8 meteors were recorded in total. From them, real radiant point was determined as

a=265°2 8=455%3 (J2000.0).

1. Introduction

Since the splendid display in 1946, Giacobinid meteor shower has not shown any perceptible
activity. In 1972, its mother comet, Giacobini-Zinner, approached the orbit of the earth to only
0.0007 AU, and we supposed an active display of the shower. Nevertheless, almost no meteors
appeared in spite of our great expectation.

On October 8th, 1985, the shower occurred unexpectedly active in the evening twilight and
visual meteor rate reached to 200-300 per hour in its maximum (Nakano, 1985; Nagasawa and
Kozai, 1985). We hastily began our observation and could catch some meteors from the last
part of activity. The detail of the observation is given in the followings.

2. Instruments

The observation was made by a high sensitivity SIT TV camera system (HAMAMATSU
PHOTONICS) with camera lens of 24 mm focal length. This gives us an observable field area
of 27°%20°. The field can be monitored through a TV display. Images of meteors and stars are
recorded by U-matic VO-5800 video tape recorder (SONY). - ' 8

* Earthquake Research Institute, University of Tokyo
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Time signals are superposed on a corner of the monitoring field in digital forms every 1/30
second by a special viedo timer VTG-35B (HOEI). This enables us to determine an accurate
appearance time and duration for each meteor.

By this system, observable limit magnitude of stars attains to 8 in good sky condition.

3. Observation

The system was set up in the Balker-Nunn camera room (latitude=36°00°08"7 N, longitude=
159°1174375 B, height=885.9m) at Dodaira Station and we started our observation at 10"30mUT
on October 3th, 1985,

For first 10 minutes, the camera was directed to pole area for checking the sensitivity of
the system. At 10040" the camera direction was changed to the predicted radiant point of Giaco-
hinid shower (a=260763, =57709, 19501.0). As soon as the camera began to work, we noticed
i frst meteor on the monitor TV and we recorded 4 meteors within following 7 minutes. Then,
the appearance rate suddenly decreased. Although the observation was continued to 14"UT, we
could obtain records of only 8 meteors in total. The last one was that at 11"23m04% UT. One of
the meteors was almost stationary.

It is regrettable for us not to start the observation earlier because the real shower maximum
was around 9-10"TUT. Our observation was done after meteor rate decreased considerably. This
is because the predicted shower maximum was 81055 (131.2) UT (Yeomans et al, 1985). We

had planned our observation according to the prediction.
4. Data of each meteor

All the data for each meteor can be obtained by playing back the recorded video tapes on
monitor TV. Appearance time was directly read from the time signal. The positions of the
trail were measured for every 1/15 second using X-Y tracker. Apparent length of the trail,
duration time and angular velocity were caleulated from these data. Maximum magnitude was

also estimated by comparing with neizhboring stars. In the measurements, average position

Table 1. Data of recorded meteors

Beginning point End point

No. App:eiil:gnce mag. _(_J_‘ZE{}UI.U) (J2000.0) ]]e?sgt:r:h Dﬁ;‘r;;tim Anvge%}ar Bornirks
a4 g o 0 |
s /zec
1 Lo iymn2s 1 62725 4637 261758 46710 0°76 0517 4.5
H 40 23 3 260.59 42,0 260,08 41.85 0.18 0.28 ! 21
3 41 03 3 268,67 58.35  268.38 357.54 0.81 0.30 20
1 46 03 1 969,11 55.28 269,21 55.30 — = 0.30 | - Stationary
5 16 33 2 272,07 43.47 272,33 42,72 : 0.77 i 0.37 | 2.1
6 57 31 —1 984,37 55.94 28R.45 55.51 | 2.42 | 0.97 | 2.4
7 11 01 16 2 281.45 53.13 282,89 52,74  0.95 I (.53 | L8 |
8 23 04 | 2 | 274,74 40.31 275.24 29.3 1.25 ‘ 0.50 ‘ 25 il
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error was about 3 minutes of arc. Main results are presented in Table 1.

5. Radiant point

The radiant point can generally be calculated as a intersecting point of meteor trail exten-
sions. This caleulation was carried out by using 7 trails with appropriate weights given according
to their trail lengths, position accuracies and distances between the trail and assumed radiant
point {Nagasawa, 1978). The stationary one was excluded from the calculation. Obtained
apparent radiant point is as follows:

a=26973, §=455%9 (J2000.0). :
This is quite near to the position of the stationary one. The mean sepavation between trail
extensions and obtained radiant point is 076. This value can be considered as the measure of
aceuracy of the radiant point.

Above point differs from real one because meteor paths are affected by the force of zenith
attraction. For the present shower, the difference was not neglizible because the shower velocity
was low. Then, the correcting calculation was done assuming that the original velocity to be
20.2 km/s and observed height to be 100 km from the ground. Corrected position for the real
radiant point becomes ag follows:

T
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I lrll
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270°

40° 50° 60°
Fig. 1. The recorded meteor paths and obtained radiant points.
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a=26572, §=455%3 (J2000.0), RTTE  e
In this case, mean separation is 074. All the recorded meteor paths and obtained radiant points
are shown in Figure 1.

We express our hearty thanks to the members of Dodaira Station, Tokyo Astronomical
Observatory for their help in carrying out our observation. This work was financially supported
by funds for Scientific Research of Ministry of Education (No. 60460008, Representative: Y.
Kozail.
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There was a pile-up of heavy cc-e.tary__éons at lO" km from the nucleya, Outside
the contact surface ion densities varied as r™*, with a transition to an r dependence
occurring at approximately the contact surface,

A large C* abundance throughout the coma indicates the presence of an
unexpected direct source of atomic carbon. The N abundance was relatively low, At the
contact surface the ion temperature dropped from 2600 K to & 450 K and the onset of
an ~ | km/s outflow from the comet was observed,

METEQR WCRLDWIDE NEWS AND VIEWS
METEOR WUR LDWIDE FRCM
METEOR WORLDWIDE AROUND THE WORLD

2 HYIRIDS — A NEW STREAM ; :

Jeff Wood, Director of the NAPO Meteor Section in Australia reports that on
the evening of 1985 Aug 16, WAST, Western Australians were treated to a brlef but
spectacular display of meteors from a radiant at & = 23 ’ © = -76". The meteors were
very bright (m = 1.60, based on 116 stream members) and yellow-orange in colour,

Many reports were received by the media » Police, Bursau of Meteorology and airport
authorities, frum the general public, Fortunately, several experienced meteor
observers were observing at the time and recorded the event much more accurately.
The analysis was based on reports from 6 observers in Western Australia, Only 4,3%
of the meteors exhibited train phenomena. Maximum occurred on 1985 Aug 16,3 UT at
Ao = 142.875 (1950.0). The peak ZHR was 39. The rise to and fall from maximm were
very rapid, with the duration of the display being less than an hour. As only naked
eye observations were obtained no accurate veloclty data or orbital eleménts are
avallable.

CRIONIDS 1935:

Jeff Wood reports that Australian observers obtained thelr best Orionid
results ever in 1985 with 29 participating observers watching for 182 hours on 17
nights, Over 1500 Orionids were recorded. Maximum ZHR was reached on Oct 21/22 of 19,
For 3 days after maximum the activity curve shows a plateau-effect, with ZHR
remaining at 15. There was, of course, no enhancement of activity due to the
perihelion passage of P/Halley as the stream orbit is that occupled by the camet
several thousand revolutions ago., The mean meteor mag = J.40 and 23,4% exhibited train
phenomena,

TAURIDS 1985: '
Australian observera carried out an extensive observing programme, 49 observers
participated for 472 man hours on 38 nights. Considering the relatively low altitude
of the radiant in these southern latitudes, good results were obtained, showing a flat
maximm ZHR of 10 in the first few days of November, m = 2,27 and 4.2% exhibited train
phenomena,

LEONIDS 1985:

Excellent weather conditions and moonless skies enabled NAPO Meteor Section
members to cornduct extensive observations, 23 observers participated for 57 man hours
on 7 nighta, A peak ZHR of 1] was recorded, m = 1,76 and 41.3% exhibited train
phenomena,

PHOENICIDS 1985:

Jeff Wood reports that this stream produced its best activity since 1972, The
meteors were very conspicuocus: Yellow-orange with long paths streaking across the
sky. 25 observers participated for 122 man hours on 9 nights. A peak ZHR of 8 was
recorded.-m = 2.38 and 4,9% exhibited train phencmena,

ARIDS 1988:
This radiant is incorrectly listed as the 'Corona Australids' in many lists,

Australian meteor observers recorded a peak ZHR of 4 on Mar 14. & . 2,41 and 19.8%
exhlbited train phenamena.
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DS 1966:

Bad weather hampered the Australian observers, limiting work to only 6 nights.
It would appear that the display was a normal one, with a peak ZHR of around 50,
B = 2,468 and 32,08 exhibited train phenomena,

GEMINIDS 1985:

Warm, dark, clear, moonless nights enabled the Australian observers to conduct
extensive observations., 41 observers participated for 267 man hours over 14 nights,
recording 5 000 Geminids. A West Australian Meteor Camp at Cunderdin (some 180 lom E of
Perth) was fortunate to have extremely dark skies, A peak ZHR of 105 was recorded with
the curve showing that this occurred in daylight hours for Australlian observers,

m = 2.69 (based on 4401 Geminid meteors) and 4.9% exhibited train phenomena.

o« _CENTAIRIDS 1986: -
Australian observers reported a peak ZHR of 6 on Feb 9, m = 2.08 and 25.4%

exhibited train phenomena.

J PAVONIDS 1988:

This little-known minor radiant is no 393.1 in the BMS Radiant Catalogue (1981
edition) and no 2805 in the forthcoming 1986 edlalun. It wss known to be active on
Jul 7 with a ZHR of 5 fram a radiant at € = 278, © = -68 , but no”other informatlion
was avallable,

While carrying out a routine meteor watch on the evening of 1986 Jul 17 in
Western Australia, two observers, Neil Inwood and Paul Stacey, noticed a number of
bright yellow-orange meteors radiating from a point near K Pavonis. The display was
of very short duration, lasting from 1950 to 2100 WAST. Jeff Wood reports that
® = +0,73 and M-.g % amibsted train phenomena, The apparent radiant was determined
to be ap £ = 275, 6= =67 . Maximum (ZHR = 40) occureed at 1986 Jul 17,51 UT,

M= 114130 (1950.0). Clearly, this is the same stream as is listed In the BMS Radlant
Catalogue and this data has been incorporated in the new edition,

FAMOUS PEOPLE:

Harvey Harlow (H.H.) Nininger, noted world authority on meteoritics and author
of 'Out of the Sky: An Introduction to Meteoritice' in 1952, died on 1986 Mar 1 at the
age of 99,

Lincoln La Paz, another meteorite specialist and founder in 1944 of the Institute
of Meteorites at the University of New Mexico in Albuquerque died on 1985 Oct 19 at
the age of 88.

OUTBLRST OF P/SCHWASSMANN-WACIHMANN 12
INIC 4208 reports that this comet was mag 12.7 on Apr 7.17 UT. By Apr 13 it
had faded considerably.

NEA MINOR PLANET 1986JK:

IAUC 4215, 4218 and 4220 report the discovery of this object on 1988 May 4
by Carolyn S. and Eugene M. Shoemaker using the 0.48 m Schmidt telescope at Palomar,
Orbital elements by D.K. Yeomans are:

T 198§ July 1.8000 ET Epoch 1986 June 19.0 ET
w 232,4143 e 0.684269

Jb 62.2412 1850,0 a, 2.840882 AU

i 2.1484 n 0.2058592

q 0.896892 AU P 4,788 y

NEW MINOR PLANET 1986LA:

IAUC 4228 reports the discovery of this object by E. Helin on exposures she
obtained with the 1,2 m Sclmidt at Palomar on 1886 June 4, Orbital elements by Brian
G. Marsden are:

T 1988 Aug 18.381 ET

w 86,500 e 0.31748

= Jb 229,387 1950,0 8 1.54848 AU
i 10.780 n 0.512491
q 1,05550 Al P 1.92 y
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Dazzling

Czechoslovakian

Fireball

(1 FIREBALL of —I17 absolute
magnitude entered the earth’s at-
mosphere over Czechoslovakia and tray-
eled a 163-kilometer luminous trajectory
in 6.5 seconds. European network took 11
all-sky-camera photographs at nine Czech
stations operated by the Astronomical In-
stitute of the Czechoslovak Academy of
Sciences from Ondrejov. The apparent
path of the fireball went through zenith of
one of the stations and was photographed
as a stationary object from another. . .."”

Thus begins the formal announcement
of an unusual meteoric event on Septem-
ber 14, 1977, reported by Zdenek Ceple-
cha, director of Ondrejov Observatory,
which is located 40 kilometers southeast of
Prague, the capital city. The network’s
photographs were processed by D. Havra-
nek, measured by J. Bocek, and computed
by Dr. Ceplecha and M. Jezkova. Three
of the most spectacular pictures are repro-
duced on these pages. A preliminary re-
duction of the photographs gave the fol-
lowing facts about the meteor.

Beginning Point (B on map reproduced
on page 476): At 19:09 Universal time
(8:09 p.m. Central European time), the
meteor first became luminous. It was over
a ground point at latitude 48°.76 north,
longitude 18°.53 east, at a height of 84
kilometers. The meteoroid was traveling
30 kilometers per second with reference to
the earth, and the subsequent maximum

Ahove: The fireball of September 14, 1977, passed closely overhead at Veseli, on

the Morava River in Czechoslovakia, where its trail was recorded at 8:09 p.m.,

just three minutes after this eight-hour exposure began with an all-sky camera.

Moving 70 degrees from east to west (left to right), the meteor flared brightly

before fading out. Polaris made the small star trail at top, Vega the bright trail
at right, Altair the one at lower right.

Below: A hundred kilometers north of the ground path, a fisheye lens was

monitoring the sky at Cervena Mountain (northeast of Olomouc), when the

bolide strongly illuminated broken clouds far to the south. The original

negative clearly shows 106 breaks caused by the rotating sector. The exposure
was from 7:23:45 p.m. to 4:03:41 a.m. Jupiter’s trail is at upper left.




Above: An unusual photograph with an all-sky camera at Skocidolovice, toward which the meteor appeared to be headed.
During the 6% seconds it was luminous, the bright round image at lower left was recorded, 39 minutes after the exposure
had begun at 7:30 p.m. Altair was then east of the meridian, Vega and Deneb behind the round camera support, and Arc-
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turus in the west. The shutter was closed at 4:30
a.m., with Jupiter high in the east and followed by
Venus. Although the meteor was seen in Pisces, the
bright trails to the west of it are of Orion and Sirius.

Left: Traveling roughly 20 degrees north of west,
the meteor first became visible at B, 84 kilometers
above the Nitra River. It passed five kilometers
north of Veseli (Ve) when 58 kilometers high, and
burned out over T, near Brno, when stll 38
kilometers above ground. It appeared stationary at
Skocidolovice (Sk), as pictured above, and was
recorded 300 kilometers to the west at Churanov
(Ch). On the map, two-letter abbreviations also
identify six other stations that photographed the
fireball: Cervena Mountain, Janov, Ondrejov, Rok-
ycany, Svratouch, and Telc.

MSGS-043




brightness indicated an initial mass of
about five tons.

Terminal Point (T on map): Descending
sharply, the meteor ceased to shine over
49°.20 north, 16°.48 east, at an altitude
of 38 kilometers. The breaks in its photo-
graphed trail, caused by occulting sectors
(rotating 25 times per second) on the
patrol station cameras, indicate that by this
time atmospheric resistance had reduced
the velocity to 10 kilometers per second
and its mass had dwindled to less than 10
grams. Thus, the possibility was virtually
zero of recovering any meteorites on the
ground.

Radiant Point: The apparent radiant of
a meteor is the point on the celestial
sphere from which it appears to come. In
the case of the September 14th fireball, as
seen by a ground observer directly in line
with the flight path, the apparent radiant
would have been at right ascension Oh
24m, declination +1°, close to the bound-
ary between Pisces and Cetus.

However, the trajectory of a meteor
through the earth’s atmosphere is always
slightly concave downward because of the
earth’s gravitational pull, by an amount
depending on the meteor’s velocity. The
true radiant is the direction from which
the object was actually approaching the
earth before this downward pull became
effective; for the Czech fireball it was Oh
36m, —2°.

Orbital Elements: Before it collided
with the earth, the meteoroid was moving
around the sun in a 2.6-year orbit like
that of an Apollo-type minor planet. This
orbit had a high eccentricity (0.82), with a
semimajor axis of 1.9 astronomical units
(I a.u. is the mean Earth-sun distance).
When at perihelion, the meteoroid was
only 0.35 a.u. from the sun, at aphelion
3.5 a.u. away. This path reached from
just inside Mercury’s orbit to the outer
part of the asteroid belt between Mars and
Jupiter.

The orbit was inclined only five degrees,
and on each inward passage, as the
meteoroid reached a longitude of 351°.5
as seen from the sun, it crossed upward
through the plane of the ecliptic at just
the place occupied by the earth around
September 14th each year. Before 1977,
the two bodies had missed each other, but
this time the meteoroid was just a few
hours past its ascending node and there
was no escape.

Like two aircraft on collision courses,
the earth was moving 30 kilometers per
second, the meteoroid about 36, relative to

Nestled among some of the older
buildings at Ondrejov Observatory are
shelters for the meteor cameras, here
seen at center and at right. The dome
at left contains a medium-size reflec-
tor, while the building in the distance
has offices and laboratories. Photo-
graph by J. Pilmann.

MR y i y Fe L i

The tradition of fireball photography in Czechoslovakia goes back many

decades and includes this famous four-hour exposure on September 23, 1923,

taken by Joseph Klepesta with the Fric astrograph at Ondrejov Observatory. At

left is the trail of a very bright bolide, with bursts, that passed close to the

Great Nebula in Andromeda, Messier 31, at right. This reproduction is from a
print Mr. Klepesta gave to Dennis Milon in 1975.
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the sun. The angle between their ap-
proaching paths was about S0 degrees,
and the closing speed of the two bodies
was 28 kilometers per second. Since the
five-ton meteoroid had just passed through
the plane of the ecliptic from south to
north, it encountered the Northern Hemi-
sphere of the earth, in time to be seen
from central Europe in the evening sky.
As the object was destroyed during its
rapid descent into the resisting atmo-
sphere, a brilliant display of celestial
fireworks was produced.

Although rumbling sounds like distant
artillery fire are often heard several min-
utes after the occurrence of a great fire-
ball, no sounds were reported to Dr.
Ceplecha after the event of September
14th.

THE PHOTOGRAPHIC PROGRAM

“The operation of the Czech part of the
European network started in October,
1963, Dr. Ceplecha telegraphs. “All-sky
cameras with mirrors were used (equiva-
lent focal ratio 1:16), giving an effective
focal length of five millimeters. In 1975
we started replacing these cameras with
£/3.5 fisheye systems of 30 millimeters
focus. Today we operate 11 stations from
Ondrejov, as well as six from Bratislava
under L. Kresak of the Slovak Academy

of Sciences, making 17 stations altogether.

“The old cameras use 35-mm. film and
the new ones 9-by-12-cm. photographic
plates (emulsion ORWO NP27). In gener-
al, one exposure is made during the night
at each station, lasting for the time that
the sun is at least 12 degrees below the
horizon. If the moon is present, there are
two exposures, one with it and one when it
is absent. The station observers do not
monitor the sky visually, but discover
meteors and fireballs only after the films
and plates are developed, unless the public
telephones the observatory or sends letters.
This is almost a certainty any time of
night for objects brighter than magnitude
—10.

“For the Brno fireball, we did not ask
the public for observations, so that only a
few dozen letters and phone calls were
received, the most interesting by Mr. Fara
from Skocidolovice. We have three photo-
graphs of the fireball taken at Ondrejoy,
one of them with a camera guided so that
the star images are points. The combina-
tion of fixed and moving camera images
gives the time of the fireball's occurrence
with sufficient accuracy. Incidentally, if
we ask for reports on a fireball, using
newspapers, radio, and television, we usu-
ally get hundreds of responses, the record
being over 800."

. ~ LEFTERS

I read with the greatest interest T.
Kiang's article on recent astronomical re-
search in China in the October issue.
There, on page 261, second column, third
paragraph, is a statement that Chinese
observers found +0.206 second of arc for
the standard error of a single star position
as observed with a Danjon astrolabe.

This must be contested. The accuracy
depends strongly on the quality of the
observer and the seeing. Here at CERGA
Observatory, we find a mean value of
+0.16 second. Four samples of 40 consec-
utive groups each, chosen in a random
manner, gave 0.16, 0.16, 0.15, and 0.18
second.

The photoelectric astrolabe is a great
improvement because it avoids systematic
personal errors. For this reason we must
congratulate our Chinese colleagues.

G. BILLAUD
Centre d’Etudes et de Recherches
Géodynamiques et Astronomiques
06130 Grasse, France
Sir:

On September 28, 1977, minor planet
69 Hesperia was in opposition to the sun
and also very close to the descending node
of its orbit. E. Bowell, in Circular 3098 of
the International Astronomical Union,
mentioned that the phase angle of Hespe-
ria attained the extremely small value of
0°.03. (The phase angle is the same as
the elongation of the earth from the sun
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as seen from the minor planet.) Since the
semidiameter of the sun on that date was
0°.09, the earth transited the sun as seen
from Hesperia.

Some years ago, I found that on March
13, 1968, there was a transit of the earth
across the sun as seen from minor planet
Pallas. The next transit of the earth as
seen from Mars will occur on May 11,
1984; from Jupiter, December 23, 1977,
from Saturn, July 14, 1990; from Uranus,
a series of transits will last from 1981 to

1988. JEAN MEEUS
Heuvestraat 31
3071 Erps-Kwerps, Belgium

Sir:

In addition to photoelectric observations
of occultations, as discussed by David S.
Evans in the September and October
issues, visual observations also have much
value. Leslie Morrison of the Royal
Greenwich Observatory gives a good analy-
sis of this subject in Highlights of Astron-
omy (Reidel, 1971),

He found that uncertainties in the pro-
file of the lunar limb and of the positions
of stars are comparable to the uncertainty
introduced by a visual timing error of
+0.3 second. Consequently, we are not
able to make full use of the accurate
photoelectric timings in determining the
position of the moon. When all error
sources are considered, photoelectric data
have only slightly greater weight than
visual results, in the ratio 6:5.

Current astrometric programs will im-

M5S- 043

prove the star positions by a factor of two
or more, but no program is planned to
improve similarly our knowledge of the
ever-changing lunar limb profile. In the
near future, the weight of photoelectric
timings will increase only gradually. The
gain will accelerate after many tens of
thousands of such timings have been
made, enough to refine in detail our
knowledge of the lunar profile.

Photoelectric timings are preferred for
studies of the secular acceleration of the
moon’s longitude, since visual timings are
affected by systematic errors. (T. Van
Flandern’s studies of this acceleration have
led to an estimate of the rate of change of
the cosmologically important gravitational
constant.) Simultaneous photoelectric and
visual observations would be valuable for
calibrating visual observers’ reaction times.
This would be especially useful for analyz-
ing the centuries-long record of visual
occultation timings, for virtually all photo-
electric work has been done within the last
25 years.

The full accuracy of photoelectric rec-
ords can be used for astrophysical studies
of stellar diameters and duplicity. As
Evans notes, even visual observers can
achieve resolutions of better than 0.01
second of arc during an occultation.
Many double stars have been, and are
being, discovered visually in this manner,
although photoelectric records give more
accurate information about close doubles.
Visual observers can increase their resolu-
tion to 0.01 second of arc by taking
advantage of the geometry during a graz-
ing occultation. A few observers stationed
across a graze path can record details of
the lunar profile, thereby largely eliminat-
ing this source of error, the main limiting
factor in utilizing occultation data.

Unfortunately, the response of chart
recorders is too slow to show most occulta-
tion diffraction patterns recorded photo-
electrically. A digital system such as the
one at McDonald Observatory is pre-
ferred. The revolution in computer tech-
nology is reducing the cost of the neces-
sary electronic hardware to within the
means of small college astronomy and
physics departments, amateur astronomi-
cal societies, and some individuals. A few
members of the International Occultation
Timing Association (IOTA) are working
on systems similar in principle to that at
McDonald Observatory. When completed
and tested, these can be duplicated at
modest cost by those with some knowledge
of electronics.

DAVID W. DUNHAM, I0TA
4032 N. Ashland Ave.
Chicago, IlI. 60613

CORRECTION
On page 196 of the September issue, the
middle frame of the diagram should be
labeled Blue minus yellow,
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This graph was prclmred by Dennis
Milon from observations by a 13-man
team on Kitt Peak, Arizona. The dots
represent various individual observers'
counts (or estimates) of the meteors
seen in one minute. The great burst
ol activity began near 11:30 Universal
time and lasted about an hour. The
peak is some 2,400 per minute.
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Mo SR
MES — &:(‘* % ' ,:
19918E~ -t o R B EEHER AR
Eifilk: A Oroville db #BBE: +121° 397 30°  #RE:439° 397 177 fEE: 119m
B Oroville B3 #RME: +121° 237 20 #BEE:4+39° 187 59° ik 19%m
C Mt.Shasta  RREE: +122° 147 AREEH41° 167 bk 1380m
PST=JST-17"
~iA A RE R
Date Begin End | Dur. | Meteor [ H.R. Im |Cl] Fa 2 |C.H.R. | Fb |ZH.R. Loc.
08-10/11 [ 007 00™ | 00F 50% [ 50" 19/ 22.8] 6.0] 0] I.6] 1.0] 36.5] 2.1| 176.7] Orovilledk
08- oo™ | 027 00" | 607 45| 45.0] 5.8] 0] 1.9] 1.0] 85.5| 1.6| 136.8 Orovilless
08-11/12 | 027 00™ | 037 00 [ 60¥ 5¢] 540[ 58] 0] 1.9 1.0] 102.6| 1.4] 143.6 | Oravillegs
08-12/13 ] 017 20" | 02 00° [ 407 57 8.5[ 6.0] 0] 1.6] 1.0 I36.8] 1.5] 205.2Mt.Shasta
08-12/13 | 02" 057 [ 03" 00" |55 58] 63.3| 6.0 L6] 10| 10I.3] 1.3[ 13L.7[Mt, Shasta
8-12/13 ] 087 05" | 037 35 [ 0™ 61| 122.0] 6.0 1.6] 1.0] 195.2] 1.2| 234.2 [Mt.Shasta
8-13/14 1 00" 05 [ 01" 05" [G0™ 44| 44.0] 6.0] 2] 1.6] 1.3 91.5] 1.6| 146.4 | OrovilledE
Total 355 338
AN ABEEST
2] - 0 1 A 5 | &t [ Ave.
0/11 00K 3 2 3 8 P 0l 19200
/12 0 R S T e b [ 0 45[1.87
/12 02H 0 o [T [ i T 0] 5402.07
/13 01H 0 T L B 7 0] 57]2.28
/13 024 0 3] | Bl 21 B 58 [ 2.19
/13 03i 0 0" 1@l de| 15[ 12 61[2.33
13/14 00H [ B 81 14| 13 g 14220
Total R I T L (O T T 338]2.22
BUEREHERE
Date Begin End | Dur. | Meteor [H.R. | Lm [Cl] Fa 74 C.H.R. Lac.
08-10/11 | DOF 00 | 00 50" | 507 17[20.4] 6.0] 0| L.7] L 34,7 | Orovilledk
08-11/12 | 01 00 | 02" 00" | 60" HJIL0] 58] 0] .21 1 4.2 | Orovillems |
08-11/12 | 027 00 [ 037 00" | A0® 3 [54.0] 5.8] 0] 2.2] 1 118.8 | Orovillerg
08-12/13 [ 01" 20™ | 02F 00" | 40® 31[46.5] 6.0] 0] L7] 1 79, 1 | Mt.Shasta
08-12/13 | 027 05 | 03F 00" | 55" 47[51.3] 6.0] 0] L7[ 1 7.2 | Mt. Shasta
08-12/13 [ 037 05" [ 03F 35" | 3™ 24 [48.0] 8.0 0] L7] L 1.6 | Mt.Shasta
08-13/14 [ 00" 05™ [ 017 05™ [ 60" 56 [ 58.0] 6.0] 2] 1.7] 1.3 128, 2 | Orovilledk
Tota 355 226
RN EDN T
= L O [ [ (O el O A = B
/11 00H 0 1 7 [ N [ E B
/12 011 0 1 3 4 0] 1i2.82
/12 02H 0 2 T 13 0] 38[2.74
p 1 0 3 T 7 D] 30[2.53
/13 020 1 5| 1 13] 1 1 812.58
il 1 0] 1 0 3.99]
/14 008 il 1 20 23 0] 58]3.07
Tota 24| 42| 78| 13 1] 226[2.82

~A Y AR EERE
SEE 0 1 2 3 4 &k
StEE? 0 1 4 9 16 30
TR 16 87 78 101 51 338
FIERE 1.000 0,934 0. 780 0.538 0.250
FEEZCN| 16.000| 93.148| 100.000 | 187.732| 204.000
log N 1.20412 | 1.96917 | 2.00000 | 2.27354 | 2.30963 9, 75646
0| 1.98917| 4.00000| 6.82061| 9.23852 22.02830
Satl0b = 9.75646
10a+30b = 22.02830
= (. 25154
r =178
Eyreny by W
SEE 0 1 2 3 4 L
e 0 1 4 9 16 30
RER i 24 42 8 3 224
HRIEFREL 1.000 0.934 0. 780 0.538 0. 250
HIEE N 7.000 | 25.895| 53.846 | 144.981| 292.000
log N 0.84510 | 1.40986 | 1,73115| 2.16131| 2.46538 8.61280
0| 1.40986 | 3.46230 | 6.48393| 9.81520 2117129
Satllh = 8.61280
10a$30b = 21.17128
b = 0. 39456
¥ = 2.48
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199145~ 1+ v 2 BERE R EER TR
B A Oroville b #RBE: +121° 397 30”7 #REE:439° 39° 17 ¥gk: 1lom
B Oroville B§ #%BEE: +121° 237 207 #BEL:439° 187 59" Hk:  198m
C Mt.Shasta  #REE: +122° 147 XERE 410 167 gtk 1380m
~ Lt A BT
Date Begin End | Dur. | Meteor | H.R. Im [Cl| Fa | e e e i Loc.
08-11/12 [ 174 00" | 179 50 [ 50M 19 22.8| 6.0 0| 1.6| 1.0 305 201 76.7 | Orovilledt
08-12/13 | 187 00™ [ 19" 00" | 60M 45| 45,0 5.8 0] 1.9 1.0| 85.5| 1.6| 136.8 | Orovillegs
08-12/13 | 197 00™ | 20" 00" | 60M 54 54,0 5.8 0] 1.9| 1.0 102.6| 1.4| 143.6 [ Orovillegs
08-13/14 | 18" 20™ [ 19" QM [ 40™ b7 85.5| 6.0 0| 1.6 1.0| 136.8| 1.5| 205.2 | Mt. Shasta
08-13/14 | 197 05" | 20" 0QM | 55M b8 63.3] 6,0 0] 1.6 LO] 101.3| 1.3 131.7 | Mt Shasta
08-13/14 | 20® 05" | 20" 35M | 30 61| 122.0| 6.0 0] 1.6] 1.0 195.2| 1.2| 234.2 | Mt.Shasta
08-14/15 | 177 05™ | 18" 05" | 60™ 44 44,0 6,0 2| 1.6] 1.3 91.5| 1.6 146.4 | Orovilledk
Total 355 338
At AR O
-2 =l 0 1 2 3 4 5| &3t | Ave.
11/12 17H 1 0 3 2 3 8 2 0 191 2.00
12/13 18H 1 1 3 12 13 11 4 ] 45| 1. 87
12/13 19H 0 1 4 19 7 12 11 0 b4 | 2.07
13/14 18H 0 0 o e [ e 7 T
13/14 19H 0 0 3 16 12 21 6 0 081 2.19
13/14 20H 0 0 0 17 16 15 12 1 61 | 2.33
14/15 1TH ] 0 ] 8 14 13 9 0 44 | 2.20
Total 2 2 16 87 78| 101 51 1| 3381 2.22
BUEREHIRER
Date Begin End |Dur. |Meteor |H.R. | Lm |[Cl| Fa X C.H.R. Loc,
08-11/12 | 179 00™ | 174 50 | 50 17120.4| 6.0 0] 1.7] 1.0 34.7 | Orovilledk
08-12/13 | 18" 00 | 19" 00 | 60OM BEOEL 000 528 000 2020 1.0 24.2 | Orovillegg
08-12/13 | 19" 00™ | 20% 00™ | 6OM 38154.0] 58| 0| 2.2 1.0 118. 8 | Orovillepd
08-13/14 | 18" 20" | 19" oo™ | 4™ 31146.5| 6.0 0| 1.7[ 1.0 79.1 | Mt, Shasta
08-13/14 | 19" 05" | 20" Q0™ | 55" 471558 10 600 el | 1.0 87.2 | Mt, Shasta
08-13/14 | 20" 05" | 20" 35M | 3™ 24 148,01 6.0 0| L.7] 1.0 81.6 | Mt. Shasta
08-14/15 | 17" 05 | 18" 05" | O™ 581680 6.0 2 LRl 1.3 128. 2 | Orovilledk
Total 305 226
BERE T D
=1 0 1 2 3 4 5 | &Ef [ Ave.
11/12 17H 0 1 1 4 7 4 0 I Al
12/13 18H 0 0 1 3 4 3 0 111 2.82
12/13 19H 0 2 b ) 12 13 0 38| 2.74
13/14 18H 0 2 b 3 12 7 0 a0l 2,53
13/14 19 1 2 5 14 13 12 1 48 | 2.58
13/14 20H 0 0 1 2 10 11 0 24 13.29
14/15 17H 0 0 4 11 20 23 0 o8 | 3.07
Total 1 7 24 42 78 73 1| 226 2.82
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Circular No. 5330
Central Bureau for Astronomical Telegrams
INTERNATIONAL ASTRONOMICAL UNION
Postal Address: Central Bureau for Astronomical Telegrams
Smithsonian Astrophysical Observatory, Cambridge, MA 02138, U.S.A.
Telephone 617-495-7244/7440/7444 (for emergency use only)
TWX 710-320-6842 ASTROGRAM CAM EASYLINK 62794505
MARSDEN or GREEN@CFA.BITNET MARSDEN or GREEN@CFAPSZ.SPAN

PERSEID METEORS AND PERIODIC COMET SWIFT-TUTTLE

D. Levy and P. Jedicke report that their observations from
Springfield, VT, through clouds, showed what was obviously a rather
intense display of Perseids on Aug. 12.3 UT, with 15 meteors, one as

bright as mag -8, being noticed in an interval of 40 min. Yamamoto
Circ. No. 2170 quotes a report from Y. Taguchi, Osaka, to the effect
that observations by a group at an altitude of 1720 m near the Kiso

Observatory gave the following individual hourly rates for the
midtimes specified: Aug. 12.62 UT, 64; 12.66, 352; 12.70, 62; the
corrected ZHR for the middle hour (Lsun = 138.86, equinox 1950,0) was
more than 400. P. Aneca, B. de Pontieu, J. Deweerdt and J.
Vanwassenhove, Vereniging voor Steerenkunde, Brussels, observing in
very good conditions (limiting mag 6.2-6.5) at Haute Provence,
individually recorded between 280 and 320 meteors during two hours
surrounding Aug. 13.08 UT; correction only for the radiant height yields
a ZHR of up to 200. Observations by Levy and Jedicke on Aug. 1343 UL,
this time under clear skies south of Montreal, showed far fewer
meteors than the night before.

Although it is generally presumed that the associated comet,
P/Swift-Tuttle (1862 II11), passed perihelion unobserved around 1981
+/- 2, the possibility that P/Swift-Tuttle was identical with comet 1737 I
I 4
(Kegler) and that it may therefore return in late 1992 is perhaps
enhanced by this year’s very strong Perseid display. The nominal I
prediction (Marsden 1973, A.J. 78, 662) is T = 1992 Nov. 25.85 ET,
Peri = 153.05, Node = 188.74, i = 113.45 (equinox 1950.0), q = 0.9582
AU, e = 0.9633. Because of nongravitational effects, the uncertainty
in T could be as much as +/- 2 months, and this affects the ephemeris (bel
ow )
through mid-October by +/- 2 degrees, mainly in declination. The
predicted magnitude is little more than a guess.

v

1991 ET R.A., (1950) Decl. Delta r m2
Sept.11 9 36.73 +31 22.6
21 9 43.10 +31 32.2 6.022 5.324 21.2
Oct. 1 9 49.23 +31 48.5
11 9 55.01 +32 13.2 5.589 5.143 20.8
21 10 00.26 +32 47.17
31 10 04.83 +33 33.9 5.101 4,960 20.5
Nov. 10 10 08.51 +34 33.7
20 10 11.03 +35 48.8 4.591 4.774 20.1
30 10 12.10 +37 20.9
Dec. 10 10 11.833 +39 11.0 4.097 4,584 19.7

1991 August 28 Brian G. Marsden
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PERSEID METEORS 1991

P. Jenniskens, Sterrewacht, Leiden, informs us that meteor counts
by members of the Dutch Meteor Society in the Netherlapds and southern
France do not confirm the high counts reported by Belgian observers
(observing only a few km away in southern France? on IéUQ 5330; from
European observations he suggests that the Perseid gct1v1ty this year
was fully comparable to the average of 1981-1989 and that even on Aug.
13.1 UT the properly corrected ZHR was certainly no greater than.100.
Amplifying the remarks attributed to him on IAUC 5330, Y. Taguchi,
Osaka, writes that many amateur astronomers in Japan observed a sharp
and intense maximum, lasting for about 60 min on Aug. 12.7 UT. The
effect was so sudden and the Perseids so numerous that it was not
possible to count sporadic meteors and determine the ZHR,.but the
latter conceivably exceeded 450. The particular observations
previously reported from Kiso were made by members of the Shinsyu.
University Astro OB Club, and during the critical hour there were
eleven meteors observed that were brighter than mag =5.

No. 5342 Septi I

PERSEID METEORS 1991

J. Watanabe, National Astronomical Observatory; and T.
Nakamura, M. Tsutsumi, T. Tsuda and S. Kato, Radio Atmospheric
Science Center, University of Kyoto, report that preliminary
analysis of radar observations in Japan during Aug. 12.54-14.88 UT
shows that the Aug. 12.7 Perseid activity peak described by Y.
Taguchi (IAUC 5330, 5340) is clear in the strong radar echoes, but
not in the weak echoes. The hourly number of strong echoes (signal-
to-noise ratio > 40 dB) during the critical interval on Aug. 12
and 13 was: Aug. 12.60, 34; 12.65, 63; 12.69, 51; 12.73, 67;
13.60; 23: 13.65; 25: 18.69; 32¢ 13.73, 24. High=altitude ( > 05
km) meteor echoes also increased significantly: Aug. 12.60, 57; .
12.85, 108; 12.69, 128: 12.93; 7Th: 13.:60; 37; 18.85; 64 13.:69;
55; 13.73, 63, On the other hand, the number of weak echoes
during Aug. 13.6-13.8 was greater than during Aug. 12.6-12.8.
They add that the radar results suggest an increase in high-
velocity meteors such as Perseids around the peak time but that
this was due only to the larger particles.

No. 5345 Sept |4

PERSEID METEORS 1991

With further reference to IAUC 5330 and 5340, P. Roggemans, M.
Gyssens and P. Brown, International Meteor Organization, inform us
that visual observations in Europe and North America do not indicate
that this year's Perseid shower was unusually strong. In apparent
confirmation of the Japanese reports (see also JIAUC 5342), however,
Brown e-mails that W. Tynan, QST Magazine, remarks that several
amateur radio operators in North America described communications this
year as the most spectacular they had ever experienced during the
Perseids, the maximum being during the 2 hr centered on Aug. 12.62 UT;
S. Ennis, Elizabethtown, KY, noted that, except for during the 1566
Leonids, the effect was the strongest he had detected in 30 yr. Brown
adds that volcanic dust from the Mount Pinatubo eruption strongly:
interfered with visual observations in Hawaii but that M. Morrow
suggested that there was no unusual activity as early as Aug. 12.56 UT.
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1993.1.17 #EE5EFEMEE S F—

RS TR (19705~ 19924, NHS) Ip 5 472
PG DT HEDTESRD (1)
Lixrdic WA LR

1 BiciE#rd 2/ mERICHAOFEN BN FT, E T, BMALHREHT, AT,
NET1 AP~ TFTAEIEHT 22 Wb TEE LA, Jhid, 1952F~1954FiTMT TITDH
NEN—N— R AEOBEHFEEBEN 5F6NEHOT, R.E.McCrosky & A.Posen(1959) 1z &
LOBRTWESH, TOFICE LD HNE, AF.Cook(1973)Tid, FEEPIENI12ZA12H~1
HOH L KigIcEREShTWET, Jhid, A.F.Cooks (197 DN—/N—FRFERETOY =
P hOAYN=FELDERAOZ U URGERMI2A12H~1TH) & 1 HOPADF O
BHPTWAC L e, 1 BERICORBGRERE2D0% <L O RMERNB.A. Lind-bladiz & -
THIEINTWAZ L2 OBERICK2DDTY .
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e w Q (e i

No| q i (k| Bl [EE|] a d
1] — |0.612 | 255.8|260.9 156.7 [ 132.3| — |12/12-12/17]63.7 | 156.1 | +34.6
211.0410.548 | 263.1| 296.7 | 199.8 | 136.8 | 1/17 | 1/13- 1/23 | 65.7 | 187 +18
311.00]0.58 | 258 282 180 134 — [ 12/12- 1/23 | 65 175 4256 |
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DMAHDITEE(AF. Cook, 1973)
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NZORADZULEZRADOLLHO—RG L . HADRKRHMN 556N 1R
ickBE. RAOLULBEPADIHTIEERIES . RAOL LEE#ES (DADITH
EDRPEN) | BB RERT . PADTEEELS . Mt

EDOMADITEE(AF.Cook, 197T)MNBEFET 500 E 50, TOHE—EROIEEL LT,
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1970~19924E 1 HicBATHM X h A s Ao H4 b IcfELE L B,
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wAER

LRAZULELDADFTHODLND 2D . PAOTHOERL BT~ BDH
NEPHOFHEPBAFETH 20, SEIRZAZ2LEOBAEE»S . 2B U UEL
PEHEDTHOBBEEZ DR SREFHIPBAININE SONEHEEL 25 5,

2. pADTHOHBEYE
Cook(197D IR SN AEHRBEICD L TWIFRINAMEMENSRHT 2HEE .
FERZOMEICENAPBRHEINEREAPADOITHEAELE,

DATE JST TIME aM Com HR CHR CHR Lm CL Dir Obs
Dec/1992 ; 1
30/31 03:30-04:30 60 30 1 1.0 1.4 1.4 6.1 0 I EMHFIL
Jan/1993
2/ 3 02:10-03:00 50 0 0.0 0.0 4.7 6.0 0 Leo EBJIKE
02:50-04:00 70 9 1 0.9 4.5 5.0 0 Leo BAEH
03:00-04:00 60 1 1.0 1.6 6.0 0 Leo EBJIE
04:00-05:00 60 0 0.0 0.6 6.0 0 Leo E&)Ik&
04:00-05:00 60 11 4 4.0 13.2 5.2 0 Com HBAEH
04:00-05:00 60 31 5 5.0 8.0 6.0 0 Z EMEf5A
3/ 4 01:45-03:00 75 21 242 1.6 5.8 2.9 5.1 0 Leo HAZH
02:00-03:00 60 0 0.0 0.0 6.0 1 Leo EBJIkE
03:00-04:00 60 16 3 3.0 7.5 55 0 Leo HBAEH
03:00-04:00 60 1 1.0 1.8 6.0 1 Leo E&JIE
04:00-05:00 60 26 1 1.0 2.3 5.6 0 Leo HAEH
04:00-05:00 60 0 0.0 0.0 6.0 1 Leo E&JIk
5/ 6 01:30-03:00 90 0 0.0 0.0 0.0 4.5 0 Leo E&JIE
3. RS HIE R o
No. YMD(UT) CONST R.A DEC N d Wt Vel HR Mag Obs. Method
MHDIT R
1. 1993/ 1/ 2.73 &-UMa 168 +28 5 3 1 rR-vR 2.3 3.2 HBAZHE V
2.1993/ 1/ 2.81 o-IMi 165 +33 410 P M-R 4.0 3.0 EMFiL V
3.1993/ 1/ 3.77 &-UMa 167 +29 6 4 1 rR-vR 1.8 3.0 iEASH V
MHDITE Y B
1. 1992/12/31.78 - 184 +30 1 - - 64.6 BARFIE TV24(ER)
2. 1993/ 1/ 3.77 7-Com 184 +26 4 3 P rR-vR 1.5 2.2 HASZHE V
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%o

LSOV EBTHL N2 1 AR TFALNEO L B EAIEH LT3R H T &
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RT3 HDICHYT 3 Ebhs,
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HEET 7 (19704E~ 199248, NUS) 0 & &4 7=
NG I VT BEDTEHEED (3)
LU iz BAEE

1 BlziEAEd 2/ EERICOADITREDRHD T, EL T, MALKERT. HATIE.
nET1HP~THHIZEHT S J:mb:h'( B2 Lz, Ohild 1952$~1954iﬂdﬁﬁ'(ﬁb
nEN—N—FRKFEOBEHGEHRU» 556 N=HDT., R.E.McCrosky & A.Posen(1959) |z
EDBENTWETH, FDHEIC i}:dJBh:" AR, Cook(le?S)ﬂi {éi’JEﬁFaﬁi}»lelew 1
F23H L AMBICERSNTWET, fud, A.F.Cooks(1973)DN—N— K KFHKET OV «
JRDAVN=DELHERADI U LEGEBHMIZAL12ZBE~1TH) & 1 AO»ADIF RO
EXPTWAZ e, 1 HEAICZOmGERZ2% <L 225208, A.Lind-bladiz & »
THEIRTWAZ LR EOERICLZDDTT .

#x1 %ﬁﬁn%i“d’:%lzﬁ DI bbﬁ}_‘f}%&@ I B

N[ e Q i (@K ] S | A | a <)
1 0. 612 255 8 260.9 156 71132.3| - |[12/12-12/17 | 63.7 | 156.1 | +34.6
2 1.04 0.548 | 263.1 | 296.7 | 189.8 | 136.8 | 1/17 | 1/13- 1/23 | 65.7 | 187 | +18
3]1.00{0.58 | 258 |282 |180 134 — 112/12- 1/23 | 65 175 | +25

DI12HDZ U L##(A.F.Cook et al,1873)
DIMADIFEE(R.E. McCrosky & A.Posen, 1959)
DnAHDIFEF(AF. Cook,1973)

F1%2R25rL. RDAODZULEE 1 BEOPAHOFHOPEERIZEMUTHET, LipL.
RO & DBEERPHBNTEET,

DEGEFERAN134° B 2012, 1 r A¥EL DOBEHHEPH50FE 212 Vo

D 1-205mEHIcCLPrheT . LLAFEE 1 HhAlchiFEihE2 20— 7% 5,

DZORADZULEA212AO L LEO—RH & 9. HADBEHRBAD 518 sh =18
wkae, LAEDLLBEPADTHTIIHERIEDS, LBOL LE=#L (hAHDITE
ENHEN) | WEL L REEET, DADITE=EL . Wt

LREDDABDITE(A.F. Cook, 19T VERFET 5ONE I, TDFH 2 BREDIEEL LT,
HATBMENTWALREDI U LA LADIFHOD RN DA H 2DME S5, 1970~1892
FOLAIE~1AHICHATHMShEABMATE b LICHELE LE,

itk

RXEROES SRS LD, 19704~19924, 12 1A ~1A31[,120° S a £200°
0° £ 0 S40° DRFFICHST BIEI A A REL . COMBIEE(A, B) 5RO . BHFOAR
BELDE(1-©, ) 2KDET, €L T, A—HO(1-©, BHBEHHMA—ETH5 &0
SRERL LT E, 1 ARADOIADIHD(A-®, B) #HHIZ, 230° S 1-©<250°,
15° < B<35° ZERELIN—E T LELAEZ.AD), BB, V-V T RBLT
i3, 128~ 1 A0 L FHOES ROREEER, EEEERAOI L EELE UL,

LHER  EE

DE—-#HD(A-@, B)ITHBREHFA—FETH AL WHREICHE DX, 1Hﬁ|3ﬁ10)7’3~?f0)ﬁﬁ¥
D(A-@®, B)ZFEMIZ FHED230° S1-®L250° ,15° S B<35° AHBEBELAER,
h#_iﬁé@'é?ﬁmﬂiﬁ#&‘ﬂﬁgﬁ“U%ZUE!(%B" 505300" NebhZzoTBHERAZ <':<'E:
12H24H~12H27H(273° 2@ =2275° )B LU 1 H6H~1H9H (286° <@<289° )Lﬁﬁgjﬁ
pard i&ﬁ,c‘:ﬁﬂjéﬂ&b\#v wIWHEI NP> 1L.AB). CO200F vy 7D
S BETEIE. 19705 ~19924F, IEHIEINIHMET&@L?F%W SlFRWERZWZ &
B, DR EBHT TV RATEINEEADLOLBLRAN, BEIZFLATHLE VLIS
FroIWROhIEPeBEEN Wt S 5,
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2)2o0F vy TEEIC, Fhehg T, 1, I8, 8#ics WTEHEZ -t

YT URER, BRI T

FEET. BE. L\oﬁﬂiﬁﬁﬁfﬁﬂioﬁi:i@%‘&habf%}\
& SEADDADIFRELEEE L 22 WA BB
BB, 220F v v THi,

Hi= 3@, 1#= 41§, M= 1 D8 I N—T 33 6h
(B12.A~F,%2), 2L T, FhEIRO(1-®, B)DAIEBHEN S HL 22DF vy TH
18Dz ULE (3 %%)

EAREHPEESEEFOLOLTRIE. (1-@, B)DHE

ﬁﬁmem\mzams\M4ema\msam5,7mﬁﬁﬁﬁw—7w%@ﬁﬁ%i6

h5(&£3),

hoDZ s, BROBHTHSIE. 12D U L&F(A.F.Cook et al,1973)4H4E
EMBDIFFR.E. HcCrosky & A.Posen, 1959) 1 4BHI MG U4 WATEEMD KX ¢ o A
TlkH AM, WADIFEF(B.A. Lindblad, 1971)4 48 & /DT BE(R. E.McCrosky & A.Posen,

IBDHLEER L TW AN B3 L Ex BN 5,
Bl REERT BB & DA DT EE AR SR

(A)

HIEH OB
1970F~100E, 128~ 1 B

(8)

Wpdh D BT S
19TRE ~19004E, 128~ 1 B

%2 BB BTN —T
i & R

B
Bl —og TrEeEx|® ¢ | 9|2®|8 |N W=
1 |12/ 9~12/19 [ 258~267 | 263 | 140 | +32 | 237 [+19 | 7 l
1|2 |12/10~12/23 | 259~272 | 266 | 166 | +36 | 246 |+27 | 9 |+12H =L LB
3 |12/12~12/21 | 260~269 | 264 | 153 | +30 | 245 |+19| 6 || 1
4 [ 12/28~ 1/5 | 277~286 | 282 | 170 | +33 | 236 | +26 | 5
| 5 |12/29~ 1/ 4 | 278~283 | 281 | 173 | +22 | 243 |+18| 5 | %2
6 | 12/30~ 1/ 4 | 279~284 | 282 | 181 | +29 | 246 |+27| 5 | tpADIIEE y B
7 112/31~ 1/ 3| 280~263 | 282 | 180 | +19 | 250 |+18| 9 | L UEE BfE
0| 8 | 1/14~ 1/20 | 295~300 | 298 | 185 | +23 | 237 | +23| O | ADITEE %3

1 H#A(258° =@=272° ), 11 #H(276°
k1 Cook et al(1973)DI12ADZ U LEHEN. 1 ~ 3 DRl fuEd 3,

S@©=285° ), MHH(290° <@=<300° )

*2  Lindblad(1871) D7pADIFEEENo. 5 D LSz IET 3,
*3  R.E.McCrosky & A.Posen(1959) DinAMDIFEEIINe. 8 D Fiklz BT 2,

1 11 I
No. 1
No.2 -~ No.B r
INGA ---------- No.8 |
_J Ne.B

%3 %ﬁﬂb:ﬁs 13 BEERY S0 L — T DR
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1993.4.11 ZB6OEIFEEMEY 3 —

TP A VTSR H R HE

1992£E12 F ~19934F 1 HElsEs 5L r
BAEE
Comf¥(12HIMiEE# &%)
< HEY >
HfS  #SAEZ B 4/ B/ HR CHR ROE 28 BUm S
Dec/1982
4/ 5 03:40-04:40 60 3 0 0.0 0.0 4.6 0 Lyn puEReREs
04:00-05:00 60 14 0 0.0 0.0 5.6 1 Z EHFHS.
04:40-05:20 40 3 0 0.0 0.0 4.6 0 Lyn [aEREE)
10/11 02:50-03:50 60 5 2 2.0 19.8 4.0 0 Leo Fa&Rsy
03:50-05:00 70 4 0 0.0 0.0 4.0 0 Leo FaResBy
11/12 22:40-23:40 60 2 0 0.0 0.0 3.8 0 Leo [a&RyRBy
00:00-01:00 60 3 0 0.0 0.0 3.8 0 Leo FIEfayBy
01:00-01:50 50 2 0 0.0 0.0 3.9 0 Leo [aiisihy
02:00-02:50 50 4 1 1.2 11.9 4.0 0 Leo [uEfgs
03:00-03:50 50 4 0 0.0 0.0 4.1 0 Leo P By
04:00-05:00 60 10 2 2.0 16.4 4.2 0 Leo Paiishy
13/14 23:00-00:00 60 28 0 0.0 0.0 4.6 3 7 #BKEHE %
00:00-01:00 60 16 0 0.0 0.0 4.6 3 7 $EBAEHE %
01:00-02:00 60 23 0 0.0 0.0 4.6 3 7 IGAEHE %
02:00-03:00 60 24 1 1.0 8.0 4.6 3 I iEAEHE %
30/31 03:30-04:30 60 30 1 1.0 1.4 6.1 0 Z EHfEA
Jan/1993
1/ 2 00:30-01:00 30 1 0 0.0 0.0 5.8 0 IMi ({hiEsty
01:00-02:00 60 6 1 1.0 1.9 5.8 0 IMi f{rEsm
02:00-03:00 60 7 0 0.0 0.0 5.8 0 IMi f{hyEsts
2/ 3 02:00-03:00 60 11 0 0.0 0.0 6.1 0 [IMi f{hiEss
02:10-03:00 50 2 0 0.0 0.0 6.0 0 Leo EBJIE
02:50-04:00 70 9 1 0.9 3.4 5.0 0 Leo IBAEHE
03:00-04:00 60 11 1 1.0 1.4 6.1 0 1IMi {huEsty
03:00-04:00 60 4 1 1.0 1.6 6.0 0 Leo EBJIKE
04:00-05:00 60 11 4 4.013.2 5.2 0 Com ISAEH
04:00-05:10 70 5 1 0.9 1.4 6.0 0 Leo EB)IE
04:00-05:00 60 31 5 5.0 8.0 6.0 0 Z EmEFfEA
04:40-06:00 80 22 3 2.3 3.6 6.0 0 Vir HOEE
3/ 4 01:45-03:00 75 21 2+2 1.6 5.8 5.1 0 Leo IBAEHE HEEHD
01:45-02:30 45 8 0 0.0 0.0 4.8 1 7 [&5T
02:00-03:00 60 - 0 0.0 0.0 6.0 1 Leo EBJIE
02:30-03:30 55 13 0 0.0 0.0 5.3 3 I [@®T
03:00-04:00 60 16 3 3.0 7.5 55 0 Leo MBAEHE
03:00-04:00 60 - 1 1.0 1.8 6.0 1 Leo EBJIfE
03:30-04:00 30 17 1 2.0 5.0 5.5 0 7 [T
04:00-05:00 60 26 1 1.0 2.3 5.6 0 Leo BAEHE
04:00-05:00 60 27 3 3.0 8.1 5.4 0 7 [&5%T
04:00-05:00 60 - 0 0.0 0.0 6.0 1 Leo EBJIE

*:%ﬁ%ﬁ%Zﬁ(%ﬁ'%ﬁﬁﬁ)n%lﬁ(%ﬁ)Hm%&&mm%mvwﬁﬁﬁﬁn
VBRI S, *  ERRE AR SRS (4E)




B #AmE% B 4/ B/ HR CHR GOHE 28 B #iRE
Jan/1893
4/ 5 03:00-04:00 60 7 2 2.0 3.4 5.9 0 IMi (hEEEh
04:00-04:50 50 9 1 1.2 2.3 5.8 0 IMi (ki
5/ 6 01:30-03:00 90 1 1 0.7 4.2 45 0 Leo EBE
18/20 22:45-00:00 75 3 0 0.0 0.0 5.3 0 Gem RIEEE
00:00-01:00 60 7 1 1.0 1.6 5.5 0 Cnc ®EEEE
20/21 23:00-00:00 60 1 0 0.0 0.0 4.6 0 Leo BAEHE
00:00-01:00 60 4 0 0.0 0.0 4.8 0 Leo IBAEHE
21/22 23:00-00:00 60 2 0 0.0 0.0 4.5 0 Leo IHBAEHE
00:00-01:00 60 6 1 1.0 5.2 4.7 0 leo #HAEH
01:10-02:00 50 10 0 0.0 0.0 6.0 0 IMi f{himsfy
02:00-03:00 60 6 0 0.0 0.0 6.0 0 1IMi {hisst
03:00-04:00 60 8 1 1.0 1.6 6.0 0 IMi {hiEeth
922/23 01:10-02:00 50 6 1 1.2 1.9 6.0 0 Cnc FAEEE
02:00-03:00 60 7 1 1.0 2.5 6.0 0 Cnc REBEEE
03:00-03:30 30 2 0 0.0 0.0 6.0 0 Leo HEEE
30/31 01:30-02:00 30 3 0 0.0 0.0 6.4 0 lLeo REREE
02:00-03:00 60 10 3 3.0 3.3 6.4 0 Leo HIEEYE
03:05-04:00 55 8 0 0.0 0.0 6.4 0 Com HEEL:

LRE XL BT L NEH. ERIIANEEEERICEEL 20, KRIHHE,

N=N—FERETAY 27 Mk —RaYicE e onz12 AR 8

MSS~066

Cook(1973) DA DT BHIHA IR I2HH 4T 5 (184
< EEEE > 5
No. BIBIEEAH QL) KRB « d @/ d WtEX Mag R EIE A
1. 1993/ 1/ 2.79 £-UMa 168 +28 5 3 1 TR-vR 2.3 3.2 BAEE V
2. 2.81 o-IMi 165 +33 4 10 PM-R 4.0 3.0 EMEFmEL V
o 3.77 £-UMa 167 429 6 4 1 rR-vR 1.8 3.0 i(BREHE V
4, 4.79 o-IMi 166 +33 3 3 P rR-R 1.6 2.7 {AEESfE V
< BEER >
No. #BIHfE  JST a ) e q 3 Q i Vg BiE

1. 1992/12/31 03:14:03 171.75

2. 1893/ 2/ 3 03:58:02 202.3

* : EE(E

+25.53 0.973 0.569 261.62 278.73 136.73 65.0 MSS-WG

+11.3 0.919 0.536 267.3 313.4 137.8 63.0 PHIEG *
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4. 50OFE _ _
DIERER. TVEACLA 1, I, I8HORMIZH 5 2 20OF vy TOHR
DTVERIcE 212HZ U LE. DAOITEOMEE
NI12FDZ U UEE(A.F.Cook et al,1973). »ADIFEE(B.A.Lindblad, 1973), MADITEE
(R.E.McCrosky & A.Posen,1959) . »ADIFEF(A.F.Cook, 1973) D#EERELUEDOHES

5.2 ik
1)McCrosky,R.E. ,and Posen,A.,1959. New photographic meteor showers,Astron.j.,84,7.
2)Lindblad,B.A..1971. Meteor streams,in Space Research XI,287-297.
Akademie Verlag,Berlin
3)Cook,A.F.,Lindblad,B.A. ,Marsden,B.G. ,McCrosky,R.E. ,and Posen,A.,1973.
Yet another stream search among 2401 photographic meteors,
Smithon. Contrib.Astrophys.,15,1-5.
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date | Date Start-End @® |43 | ALL Per 1R Lm C1 RP ZHR 1AY
UT JST  (2000.0) (1.5) ZHR
12/13 | 12.517 | 21:00-21:50 139.42 | 50| 36 30 36.0 [5.0 0 19 389 134
12/13 | 12.558 | 22:00-22:50 139.46 | 50 | 48 29 34.8 |4.6 1 25 331 114
12/13 | 12.686 | 01:00-02:00 139.51 | 53 | 287 264 298.9 | 5.0 4 49 1422 489
12.668 | 01:00-01:03 139.45| 3| 10 9 -— = ¢ =
12.681 | 01:10-01:30 139.46 | 20 | 145 131 393.0 | — —
12.694 | 01:30-01:50 139.47 | 20| 94 88 264.0 | 5.0 4.8
12.705 | 01:50-02:00 139.48 | 10| 37 36 216.0 | 5.0 2.2
12/13 |12.733 ] 02:10-03:00 139.51 | 50 | 217 198 237.6 |[4.6 1 57 815 280
12.729 | 02:10-02:40 1339.50 | 30 | 136 125 250.0 | 5.0 1
12.743 | 02:40-03:00 139.52 | 20| 81 73 219.0 (4.6 1

H: LAYEVIHROBHICHEY 4 A=2.91%46H

#£2. BT —% : hEXCAHFS. BilE4 A

w1 (02h10m) B 5 A

date |Date | Start-End ® |4 |ALL Per 1R Lm C1 RP ZHR 1AY
ut JST (2000.0) (1.5) ZHR—
12/13 - 12.663 | 00:52-01:00 8| 52 40 300.0 | (BZEF—H)
12/13 |12.688 | 01:02-02:00 48 | 229 203 253.8
12,671 | 01:02-01:10 8| 54 49 367.5
12.684 | 01:20-01:30 10} 55 48 288.0
12.691 | 01:30-01:40 10| 49 43 258.0
12.698 | 01:40-01:50 10| 37 35 210.0
12.704 | 01:50-02:00 10| 34 28 168.0
12/13 | 12.733 | 02:10-03:00 50 | 261 221 265.2
12.718 | 02:10-02:20 10| 51 42 252.0
12.726 | 02:20-02:30 10| 52 46 276.0
12.733 | 02:30-02:40 10| 52 44 264.0
12.740 | 02:40-02:50 10| 48 41 246.0
12,747 | 02:50-03:00 10| 58 48 288.0




M3S-067

WEXRFAHS., EEAEAFERLAHFEO200BHFT—253£1 - 21cRT. BF
LHREUBHC L2 IN—THETH 5.

ZHHOBMT — 2 2B 191FEIVE D ARBEOHBBO C— 213 8513H01E (H
AREE) B HY. HR3 0 OBEDHERAD > =0HbM 3. EIREE ALK RS
TRSEOHRE—I O 4 BERRTO 8A12H 2185004y X VB 2 459 TWT. ZhitE—
JHiDEHEMA-RELT -2 Th 5.

3.2: NS
3. BT : BEAERERIFFES. BHFA A, 548
Date Per Spo
Start-End
@ :
12/13 -2-1 0 1 2 3 4 5(ALL M |-2-1 01 2 3 4|AL M
12/13
01:10-01:30 (Tr 1 41528 6 2 2 58 0.82 zZ 3 4 9
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Rapid communication on Perseids in Crete

Hiroshi Onishi*, Tetsuo Takahashi, Seiichiro Watanabe, Noriko Hasebe, Hironori Hayashi, Yoshimi
Saito, Masaharu Ishizaki, Fumio Hayashi, Hiréfumi Saito, and Yoichiro Tomari

Tokyo, JAPAN
August 16, 1993

* To whom correspondence should be addressed. (e-mail:oni @chem.s.u-tokyo.ac.jp)

Abstract: A visual observation of Perseid meteors was performed in Crete (Greece) for three nights,
August 10-12, 1993. A significant peak was observed at 02:30 or later on August 12 (UT). The
maximum hourly rate, which was observed in visual count by one person, was 184. This
corresponds to 600-800 in ZHR, considering the corrections for the brightness of the background
sky, and the altitude of the radiant point.

Ten Japanese amateurs made observation of Perseid shower in Crete.  Visual and photographic
observations were carried out for three nights from August 10to 12. A part of the observation,
visual count by single observer, is presented in the communication. Results of the whole
observation will be reported later.
A prominent increase in rate started at 01:00 on August 12. The maximum hourly rate counted
02:15-02:30 was184. The true maximum must be at 02:30 or later, considering the increasing
brightness of the background sky. '
The hourly rates were listed below with the magnitude of the faintest stars on the background sky.
The visual faintest magnitude of four observers were averaged. There was no obstruction by cloud
throughout the observed periods. The effects of the background brightness and the altitude of the
radiant point were not corrected.

w
Augu;tr 10 HK
22:30-23:00 28 meteors with faintest stars of 5.1 magnitude A &,k

~b

23:00-23:30 16 4.8 L : .
23:30-23:55 7.2 4.5 FeRgr Bz,
August 11

00:00-00:30 18 4.5

00:30-00:55 16.8 4.3

01:00-01:38 158 4.1

01:38-02:00 16.4 4.0

August 11

22:00-22:30 60 meteors with faintest stars of 6.0 magnitude

22:30-22:55 43.2 5.8

23:00-23:30 58 54

23:30-23:55 76.8 4.9

August 12

00:00-00:30 54 4.8

00:30-00:55 60 4.6

01:00-01:30 110 4.3

01:30-01:55 151.2 4.1

02:00-02:15 184 4.2

02:15-02:30 184 4.1
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02:30-02:45 120 3.9-2.1#
August 12

22:00-22:30 58 meteors with faintest stars of 5.5 magnitude
22:30-22:55 144 5.4
23:00-23:30 44 53
23:30-24:00 30 : 5.0

#The magnitudes observed at the beginning and the end of the period are presented.

A stiff increase started at 01:00, and continued beyond 02:45 on August 12. They correspond to
139.44 and 139.51 in solar longitude (2000.0), respectively. The duration of the activity is two
hours or more, being longer than the duration observed at 1991 and 1992. Observations in western
Europe and in America help us to grasp the whole feature of the peak. The maximum rate, 184 in
HR, roughly corresponds to 600-800 in ZHR, considering the corrections for the background
brightness and the altitude of the radiant point. It is to be noted that the shower maintained an
activity as high as 60 in HR for three hours or more, before the significant peak. This plateau and

the longer duration of the peak suggest an expanded distribution of the dense flux after the parent
comet. -

L FHEIGHEBERHORBR (DY 2—0fR) 2REFLE L. 3SADRNL T
HARXVWEAEALT. 1KLY OEIZBELTHLET. BERAEL, AR OR
MPCHEAL EDIBREFEZ b LS TER (b5 TZLERIM-R )  EILWE
ERARWEROH YV NRTERERBRLE L. 2B, ZOA=VEELOHYESIRETS
ANEALVAERLTLESN, L, BEOEIFICE VR TETOBERSDZLD L
NERA, SN —THEOBEROETIZF— 71 bR TORBERBSINLY Z5TT,

HULATHE, KEHEIEI04-5L W5 DRPIEOBALBRUTIN? £575HLEM
EWERS>TWEDTREPT LE - BRI R2TDOTL L 5%

2000.0
98\ Je 139.56  2HR Moo
1992 4n oo
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EBE3—7 13H14KE(®<140.3° )
HHEKE:| BLE—-2 (HE—-2) 1001,/ WRF(ZHR=210)
H2¥—2 GE¥EY—2) 5018/ FR(ZHR= 90)
1 B3I —7 (ZHR=120)
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V. EFEOE KL 20 HRRER

IMO NMS

fF | AW | ZHR | KFSFRE | ZHR
91 ] 139.58 370 139.57 243

92| 1397507330 | 156746 978
63| 139541300 | 139.53 | 249

IMO : International Meteor Organization
NMS : HEAREWRES
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11/12H
0 n i _|
B %] 4 | R HR BMEIE | REEMLE ZHR
00h00-09m 10 23 138 0.9 0.6 256
00h10-19m 10 15 90 0.9 0.6 167
00h20-29m 10 21 126 0.9 0.6 233
00h30-39m 10 22 132 0.9 0.1 210
00h40-49m 10 27 132 0.9 0.1 210
01h00-09m 10 16 96 0.9 0.1 152
01h10-19m 10 31 186 0.9 0.7 295
01h20-29m 10 19 114 0.9 0.7 181
01h30-39m 10 19 114 0.9 0.8 158
01h40-49m 10 27 162 0.9 0.8 225
02h05-089m 5 16 192 0.9 0.8 267
02h10-19m 10 42 252 0.9 0.8 350
02h20-29m 10 59 312 0.9 0.8 433
02h30-39m 10 49 294 0.9 0.8 408
02h40-49m 10 i1 248 0.9 0.8 342
03h00-09m 10 44 264 0.9 0.8 3617
03h10-19m 10 50 300 0.9 0.8 417
03h20-29m 10 42 2572 0.9 0.9 311
03h30-39m 10 46 276 0.9 0.9 341
03h40-49m 10 69 414 0.8 0.9 575
04h00-09m 10 98 588 0.8 0.9 817
04h10-19m 10 83 498 0.8 0.9 692
04h20-29m 10 12 432 0.7 0.9 686
04h30-39m 10 49 294 0.7 0.9 467
04hd0-49m 10 60 360 0.5 0.9 800
12/13H
B %1 H 3R £ HR BRGEIE | REWRILE ZHR

01h00-09m 10 19 114 0.8 0.7 204
01h10-19n 10 22 132 0.8 0.7 236
01h20-29m 10 24 144 0.8 0.7 257
01h30-39n 10 28 168 0.8 0.8 263
01h40-49m 10 34 204 0.8 0.8 319
02h00-09n 10 32 192 0.8 0.8 300
02h10-19m 10 25 150 0.8 0.8 234
02h20-29m 10 33 198 0.8 0.8 309
02h30-39n 10 22 132 0.8 0.8 206
02h40-49m 10 41 246 0.8 0.8 384
03h00-09m 10 29 174 0.8 0.8 272
03h10-19m 10 37 222 0.8 0.8 347
03h20-29m 10 33 198 0.8 0.9 275
03h30-39m 10 34 204 0.8 0.9 283
08h40-49m 10 34 204 0.8 0.9 283
03h50-59m 10 35 210 0.1 0.9 333
04h00-09m 10 35 210 0.7 0.9 333
04h10-19m 10 31 186 0.7 0.9 295
04h20-29m 10 21 126 0.6 0.9 233

Ms5-072




(RESTH. BHOH)

11/126

0h00-49
1h00-49
2h05-49
3h00-49
4h00-49

total

12/1880

1h00-49
2h00-49
3h00-53
4h00-29

total

total
103
112
200
251
362

1028
%

total
127
153
202
87

569

P o O

0

12
20
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1
18
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40
49
(i

204
19. 8

1
13
22
43
12

10

12.3

2
32
38
11
B9

113

343
33.4

2
50
51
58
21

181

31.8

3
28
33
37
53

104

255
24,8

3
41
41
68
19

178
30.8

4
16
13
18
28
32

107
10.4

4
22
22
41
23

108
19.0
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0h00-49a

1h00-49m

2h05-49m

Fh00-49m

4h{0-49m

total

511]

70
I

a0
1

a0

ook

10944 B8R 11/12H

sop  100%
1h00- 49 s
80 100 %
2h00-49m 4
50 soo %
Jh00-59m 4
50 100 %
Ah00-29m
o 30 40 80 3o 100 %
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HEEBELE P12,

5

X (2) CERE A CBONENH AR L HRRESRETL L 52k -
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LTER I3 T1950-80&EHHMZHR80, 19808KWEHPZHR1LO
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FEELTVWWLDLEBDARE. LiedoTheIBA WS TRELRALLAL
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ZEXR 1. AE #Z VYMUEDIRTTEBeGEEBROES* F{HT 3.
2.Paul Rggemans : Handbook Visual Meteor Observation 126-133
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DRENFICO>VWTHEL .

197 0ERPL80ERTITHETEHHE

2.0Magﬁfﬁw—ﬁfﬁvtﬁaoﬁﬁ&¥ﬁ69oﬁﬁtﬁﬁfv4%z
%ﬁmﬁéhﬁiﬂﬁ%ﬁﬁmt$%ﬁﬁﬁl.0Mag%ﬁ%6<Qﬂfhé.
ﬁ%tﬁ&ﬁ&@%&%ﬁ&%ﬁbtt:624@@.LSMagETﬁ&~%
Chotr. COZELPLBHRROZCIZLOLERFLELL, RERT 2~
fﬁmﬁi%ﬁmﬁﬁ%ﬁﬁﬁ&b.%Eﬁ%?ﬂmmﬁﬁﬁéﬂﬁﬁ%mtf
ﬁqﬁ%%?%éémtﬁbﬁé.tﬁbk%ﬁ%&glﬁmmﬁ%%tﬁf%

2OTHEBEOEH I O>VWTRERIN TR W,

%2. MEKEDTHEE

Year

Date

solar

tota

Av 1.0

AvD.5

1976

13/14

262.07

65

1.9

1979

13/14

261.37

9

2.5

1985

13/14

261.79

21

3.0

1988

13/14

262.20

12

2.4

1990

13/14

261.60

9

0.4

1991

13/14

161.22

10

2.3

1994

14/15

262.66

14

2.8




M5 5-07b

el RFEREHOKEAT  solar: KBRE@I0) Alse: 1ZEMAOTag A0 0 SFRAANTALE

Year Date solar | -4 -3 -1 -1 0 1 | 1 I 3 4 5 bmag | total Av lsag | Av0.S5mag{ Lm
1971 | 13/14 | 261.34 8 |6 |6 |40]|31]5 | 96 el 308 5.0
1972 13/14 | 261.91 2 2 5 F 7 1518 3 49 2u2 28 ";-.(-)'
1973 | 13/14 |261.83 I g8 |2 |30]s 47 2:5 |25 4.0
------- 1
1974 [ 13/14 |261.64 3 |6 |3 |4 |5 J25|12]1 59 2% |2.2 5.5
1974 | 14715 |262.46 2 s f & | sagazl ey 2 |5 2.3 |2.3 5.5
1975 | 13/14 | 261.26 2 |6 |5 |10]17|10]|14 64 1.9 |1.9 55
1976 | 13/14 | 262.07 1 |4 |18|16]24|24]20]20]1 121 1.6 1.4 ‘ 50
1977 [13/14 |1261.84 1 |1 |4 le |5 |8 |22]|7 54 2.0 |1.8 so
1979 | 13/14 | 261.37 2 |10] s [11]|2a]29}11]2 94 1.9 |1.8 50
1979 | 14/15 |262.26 P e |8 pEge e |32l e 45 1.1 1.0 40
1983 | 13/14 |261.3 |1 3|1 |3 [6]3 |3 20 1.5 |1.3 40
------ 3
1985 | 13/14 |261.79 : 11|3 |8 |8 |12{28|19]4 93 3.0 |18 6.5
1988 |12/13 [261.12 1 |3 |3 |4 |7 {2 (¢ 21 1.1 1.4 60
wes |13/ 20)3 |3 |7 |7 |8 |13]1s{i7]s |1 82 bt fuot ks
1990 |13/14 |261.60 6 |[16]|13]16|10]20[ 1 |1 73 0.6 |0.6 6.5_
1991 |13/14 [261.22] 1 4 |8 |11 8 |13|12]8 63 1-. 2 |12 60
1992 |13/14 |261.97 2 2 |5 |e | 5|7 |9 36 0.8 |[o.8 40
1993 | 14715 |262.73 1 (2 (2 |4 {9 |4 |5 27 0.9 0.9 : 60 \
1994 |14/15 f262.66 |1 |3 14 |7 |5 le |6 |6 |5 | 2 45 0.8 |[o.8 eo




M$5-o7b

PHEEA0)"  H2. ABHEUL-6L.50BEETHONTEEENTHKE
| 2.0

T
o

2.9

—_—
“n
1

1.0

0.5 . 2
1970 1980 1990 2000

THEE (1.0) @1, RIREEOTEEE (1.0)
3.0

- 2.0

]
Lol

2.0

]
[+]
=]

—
[}
I




M65-076
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)t RO HEEZE (1996.8.11/12-12/13)

B . RS ST BRREH SR . AiE1(138°59° .6,+37°05°.9)

BT [BAGRIZIME TR B e B FoMEME |E8|5m | B#HR|[Fa | Fa EGMECHR[ECHR|IRPEE| Fb |[HEZHR|EZHR|AESE
| UST)| ST | (&) | ()| (@) | (@) | (%) (1.6)[2.5)| (x) | (1.6) [ (2.5) (°) [.5)] (.6) | (2.5) [ (2000)
11/12 | 22:00 | 23:00 601 28] #il] 17l 67l ol z 10008 | 6B 1.4 9.9 8.8 23| 4.1 40.6 36.1 ] 139.20
11/12 | 00:00 | 00:50 50| 39| 24| 15| 6.8] ol z | 28.8] 0.9 0.8] 1.0 25.9 23.0 37| 2.1 54.4 48.3] 139.27
11/12 1 01:00 | 01:50 50| 62| 46| 16 6.8] 0| 7z | 55.2] 0.9] 0.8] 1.0 49.7 44,2 46 1.6 79.5 70.7 | 139.31
11/12 ] 02:00 | 02:50 50| 62| 48| 14| 6.8] 0ol z | 57.6| 0.9] 0.8] 1.0 51.8 46.1 54 1.4 72.5 64.5 ] 139.35
11/12 [ 03:00 | 03:45 45| 49| 38| 11 6.5/ 0] z [ 50.7] 1.0 1.0] 1.0 50.7 50.7 610 1.2 60.8 60.8 ] 139.39
12/13 [ 20:00 | 20:50 50 20| 15 5| 6.2] 0] Z 18.60] 1.2 1.8] 1.0 21.6 23.4 12]10.5] 226.8] 245.7| 140.07
12/13 | 21:15 | 21:55 40| 261 19 71 8.6 01 % [ 2850 .08 8.9 1.0 28.5 25.7 18| 5.8] 165.3] 149.1] 140.12
12/13 1 22:10 | 22:55 45| 28] 23 5! 6.8] 0[] Z | 30.7] 0.9] 0.8] 1.0 27.6 24.6 24| 3.9] 107.6 95.9 | 140.16
12/13 | 23:00 | 23:50 50| 52| 36| 16 6.81 o 7 | 432 6.9] 0.8] 1.0 38.9 34.6 gt 2.7 1050 93.4 | 140.19
12/13 | 01:00 | 01:50 50| 72| 53] 19 6.8] ol Zz | 63.6] 0.9] 0.8 1.0 57.2 50.9 47| 1.6 91.5 81.4| 140.27
12/13 1 02:00 | 02:50 50 78] 62| 16 6:8] 0| % | 74| o9l o8] 1.0 67.0 59.5 55 1.3 97.1 77.4 ] 140.31
12/13 | 03:00 | 03:40 40| 50| 37| 18] e.8] ol z | 55.5] 0.89] 0.8] 1.0 50.0 44,4 62] 1.2 60.0 53.3 | 140.35
RNV ZXEHEDZHRZE(R(1996.8.11/12-12/13)
S (AL
- 11712 gop ops o288 485 12/13  208% 22B%F ORF 2FF 4B%
T 1 | | | | ] I | |
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Ms5-oT1

)t ZEO RIS (1996. 8. 11/12 ERE - IR B AHEIL EALE  6.5-6.8
JIE 1’@’;’5{ Wikt | MAIEMEN| ke logh =
-4 1.000 0.0 1
3 1 1.000 1.0 | 4.00 | 0.0000 | 0.6021
=2 4] 1.000 4.0 | 2.25] 0.6021 | 0.3521 3t -
=l 9 [ 1.000 9.0 | 1.00 | 0.9542 | 0.0000
0 9 1.000 9.0 | 3.44 | 0.9542 | 0.5372 o Wk = m
1] 29[ 0.934 31.0| 1.12 [ 1.4914 | 0.0477 E
2| 27| 0.780 | 34.6| 1.56 | 1.5391 | 0.1925 L |
3] 29| 0.538 | 53.9| 1.56 | 1.7316 | 0.1927
4 21| 0.250 | 84.0| 8.75| 1.9243 | 0.9422 o @
5] 25| 0.034| 1735.3 2.8665
P8 2.96 0.3583 o (MR S . .
1070.3583= 2.28 A 0m ol ml yﬁ%z o A& b 8
logh=0.2929x+1. 048 NOGHD/NOD= 1,96
~)t o ZBED % (1996.8. 12/13) BE S B AWl BRACE : 6.2-6.8
JEIE ﬂﬁ%{ AL | wiEmEN | b logN
-4 1.000 1.0 | 1.00 [ 0.0000 ooono 4
-3 1 1.000 1.0 | 6.00 | 0.0000 | 0.7782
=2 6 1.000 6.0 | 0.67 | 0.7782 |-0.1761
-1 4 1.000 4.0 | 3.25] 0.6021 | 0.5118
0 13| 1.000] 13.0] 1.65| 1.1139] 0.2165 =
1| 20| 0.934| 21.4] 3.29|1.3304 | 0.5178 2
2| 55| 0.780 | 70.5| 1.03| 1.8482 | 0.0121
3] 39 0.538 | 72.5| 1.93| 1.8603 | 0.2858
4] 35| 0.250 | 140.0| 9.45 | 2.1461 | 0.9756
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The visual observation of the outburst of the 1998 June Bootids in Japan.
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D 11 B 15 FHUTIALARBAD 19 B 00 53 (UTE TSN -, HEREIE ZHR=40.9~269.3 O#FHT, Mkt 21 BFE.
ZHR=269.3 tHEESN, BB AL a=221° |, 6=51° (J2000)Tdho7-, "OFETOBEITIES . BA GRS 23k Bk
bE BT, HRFIEITHAT, 0L LOADWFERIZIZ 2 TR D o7, BAZV FEEO PICHAMRR 2 & A8
BRI REDLDNHo7, LinL, BHORERIIETR R 707 1— 2L T, 0%, NMS2EIZE - GEBNERIL
7cEZALVT A 2 BEThOT AV U BRI SIS, HERRF SIS S ATED S 1916 RICH BRI HEL =6 9L
Rl I‘%oﬁ%ﬁﬁklﬂﬁwmﬁkﬁbm gy eyt -

1998 4£ 6 H 27 B, AARZEAORENIC REDLN-, ZOFMENE B ARFD 19 DB AD 4 BETRLN- i
FAIIOLDNNELY D EDBEFAHI I o7, TR 21 BERIC 1 AT 3~4 [BOHBARON-, SAEICIER
TEIEN 7DD, KEROERENT, L, BOEN M, BRI OBN IS0, e TR A
SHUIERETH o7, £D728, FOBFECRRSNEICH 2 bET, 20 BT BRI S LA ST EnT
Eaholc, EOH%, NMSERRIZESTT A 3 BETIEIMRAIL /LA, HEIL 6 A 271 B~7 A 2 B ol s
Nic. T CHIFRBIOTV— @l - AR TR 27 — 2 208D,

BB LB R R LT, SO B AR 2o T A D A ERFETH S, B S OERIH: B
AEHUTBOIE-TOB03, ZERERORE/- 6 A 27 Btiﬁgﬁ’ﬁﬂlﬁﬁ{ﬁfﬁpo?’_r_é& BRICE = DIHEROBRT -
D T RSN W Sl R E N R RROR R Th o, FORBELBEARSLIZINC BN C Lo, THIE
FEZDOZFEFRERTAND TRUTN A TH S, EEEOREAT, EGIZHD TTIIRWSODHILE Ths, M
PRI R 2 I i o TS 2 B2 L CEAGIRE R -7 TS BHECh 5,

BRFEERATTT, S EOBEN IR0 ERE R RHER U EOBRITH B0, B4R oy MBS = /o7, L
ML, ZEEHRRZ R D&FOb & TRIAIL 7o THIEI ZIRRE AL, 37, BFEERE, BInEERIITV—AEc L5
@A o7,

HEBE O A RIBI U T, ZHR 25t AIh7-oTIHLEEL: r=3.06 BN AFEEERE v=15 28 AL =
7=, B R 2 RO AT DEH AU @ =221° |, § =51° (J2000)Z4 L7, JEEE B L QMRS SATEY LR M OB
LRDIHDTHD, HEHITOUVTHL, AR O, FHBRAITTH Y ZABOZ N FHIRD T —F535bRDBZRELDTH
Do DAL, THIRIAILEICI RONAINCHALNC I EDEZ A RERD VT E A CLESREE6 L), 2B,
REONEHBIESN R H 15~ BH DL DERU, WON 55 26 3% 2 B P67 CEHESNAEMEEL L TALD
=406 ZHFEAL THELE, RUIZOMERAZERHEL 6 A 27 AOHBEE AT~ , Z0F —2ERE FHk
D2ANDED, TS RERNE THIK— ADHD7E75, HEAS 11 B~ 19 ERDIER I BRIl o TV BD A0, Ei-.
RADFEMBIA LF ¥ — b RBE, BET—H LU TRAD 10 B 15 55U ~11 ¥ 15 HUDDF—23555, Zhi B
B, 10 B 18 H(UT)D-4 HDKERZIEDLL T, BHEDIRETIEEZ SRV ZLOHZWREN RSN OB, Dz
230, FUERIOHBIE 10 B 15 U CIUEZ o T o3 E R DA, T7-, aAfiiE. FRERKICIA T~
= 7 S o7 IR (LU4% HRO UI4) THEFRR T — D RE D 8 BHUD B SIEE TV = m Edsbohsorz, $7-.
HRO THiEHRAYETe 20 R{UDRE CHRETI—HIEV RIS RON, ZOZhb, ZORHERIL 8 B U HIE
HROULe 20 RHUT)ET D72 &S 1] BRI TEBIL TV Vem ddsbonsois, 7=, HikElE 21 B4 T, ZHR=269.3
Tho7c, ZDEEDRLDABFFANL Ls=95.693(UT=12h30m) Tlro7r, FHIKIZ L AL ORAS#IZIE. 151823 ~4/8
DFEIHIL 72T ThD, TDH, NMSEBIZE->T 7 A 3 BECEWERIL-L- 5, 28 BT BFERE YT -7
11 B 39 53(UT)~12 B 45 53UT)DIHDF 60 TV —SIBIRITAE, 29 BICHEBAI Lo ZHR=16.0(Ls=97.749). 7 B 1
H.,2 BIZiZRMAICL 2T ZHR=10.4(Ls=99.508),ZHR=3.2(Ls=100.466) DIE BN ASEIAIS 17,

R R EREIC A TR RE RSB LU T, FERRZRY B ORBO7 oy MERR S IR AL o =221° | §
=+51° (Ls=95.663)2%55417, TR RDEAIE 10° 10BN B SAAL LTV \BZED DT, TS D
T—FEL T, BRI RS -3 D BHEIEE DI, BBLT a=2335° | §=H9° (Ls=95.9)AMBHN, -, B
FARLECHE HRO ORTEZNARAS 10 BF 50 (U HTOBZ S BIEH S OTRER BB L% =225 (Ls=95.626) HHEEL
oo TNBERDE, BHRILENL 10° LA EESTWB, LinL, Bbii- b Ol SR SE-THY. DR OEEED R
DT, KIEFIANCEBHD LTINS, EOHROBDS, 29 HITIEEARIC LT a=229° | §=450° (.s=97.749).7 A 2 A
IIERRIEE ST =227 |, 5§=18" (Ls=99.508)2E5HN 75,
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AEIDFERICRONFHROFIT OV TREMRDINITRRTNS, (20 BT - PWEDHRS DY . 0%
U LDBIBO RIS TR o7, AR BMER DD T b D2 o7, LAsL, ZOML R
BEEALDFRTZ 7, SEEIRPRCECT, Ak~ T ok, BULLTH: k CygBOMBITIITNS, | (7. sHEsy
e ) BIZ OV T TR BRI T 5, R8DELTERAL, BERED T303%ET 228038, BUiLFL
Tho7=,
BESAC S TEIDFERRICL - HEZ 5L, 1916 4E 6 H 28 RIZAFYAD DenningW,F -k CRIBH6 85170
BETCE A o7z, B RLIEE @ =231° | 6 =+54° TIBHADEIIE 12~15° 123X HR=100 DHEA G-, %
DB 1921 £, 1927 FTHBRISITND, SEIDFERNE. HEFE, A6, Mk 0D 1916 DB/
<, AR BN S,
Table 1 - Observers and Observation site.

HASTA : Hashimoto Takema (Hachioji, Tokyo N35. 63 E139. 35)
IZUKT : Izumi Kiyoshi (Takayama, Gunma N36. 58 E138.97)

ITODA : Ito Daiyu (Mt. Tsukuba, Ibaraki N36.02 E140. 13)
NOSKU : Nose Kunio (Nayoro, Hokkaido N44. 43 E142. 38)
0SAKA : Osada Kazuhiro (Oyama, Shizuoka N35. 37 E138. 95)
SATKO : Sato Koetsu (Mt. Zaoh, Miyagi N38. 13 E140. 48)

SAKMI : Sakaguchi Mitsue (Hiroshima, Hiroshima N34.50 E132.67)
SEKTA : Sekiguchi Takashi (Kawagoe, Saitama N35. 88 E139. 45)
SHITA : Shimoji Takashi  (Is.Hateruma, Okinawa N24.03 E123.77)

Note) Family name first.

Table 2 - Observation methed.
Visual , Plotting HASTA, IZUKT, ITODA, OSAKA, SATKO, SAKMI
Counting SHITA
TV , Single station  NOSKU(28/50mm), SEKTA (28mm)

Table 3 - Rate data

June - r=3.06
Date ur Ls Teff Lm CL hR Total Spor. Boo HR ZHR Obs. Rem.
6/26 16:10-17:10 94.904 1.00 5.7 434 7 £ 0 0:00 = SARMT
6/27 11:15-12:15 95.663 1.00 5.1 273 36 11 25 25.0 160.1 OSAKA
6/27 12:00-13:00 95.693 1.00 6.5 163 206 3 203 203.0 269.3 SHITA
6/27 13:00-14:00 95.732 1.00 6.8 159 194 2 192 192.0 193.4 SHITA
6/27 14:00-15:00 95.772 1.00 6.7 052 135 2 133 133.0 153.6 SHITA
6/27 15:00-16:00 95.812 1.00 6.8 043 82 2 80 80.0 102.1 SHITA
6/27 16:00-17:00 95.852 1.00 6.7 134 53 2 51 51.0 110.5 SHITA
6/27 17:00-18:00 95.891 1.00 6.8 224 25 3 22 22.0 75.8 SHITA
6/27 18:00-19:00 95.931 1.00 6.7 115 11 9 6 6.0 40.9 SHITA
6/28 11:39-11:49 96.616 0.17 5.0 279 3 1 2 12.0 - NOSKU *1
6/28 11:55-12:45 96.640 0.83 5.0 373 6 4 2 2.4 - NOSKU %2
6/28 15:20-16:20 96.779 1.00 6.3 341 10 10 O 0.0 0.0 SAKMI
6/28 16:20-17:20 96.819 1.006.3 232 6 6 0 0.0 0.0 SAKMI
6/29 11:00-12:10 97.564 1.175.2 174 1 1 0 0.0 0.0 IZUKI
6/29 12:15-13:15 97.610 1.00 5.8 065 21 21 0 0.0 0.0 OSAKA
6/29 12:42-14:15 97.639 1.257.2 062 14 14 0 0.0 - NOSKU #3
6/29 13:00-14:20 97.647 1.335.8 057 5 5 0 0.0 - SEKTA
6/29 13:30-15:00 97.670 1.336.2 053 11 11 0 0.0 0.0 SATKO *4
6/29 15:00-16:00 97.719 1.00 6.3 043 17 16 0 0.0 0.0 SAKMI
6/29 15:30-17:00 97.749 1.505.1 033 12 7 5 3.3 39.7 HASTA
6/29 16:00-17:00 97.759 1.006.3 034 9 9 0 0.0 0.0 SAKMI
6/30 12:40-13:40 97.786 1.00 4.8 0 61 1 1 0 0.0 0.0 ITODA
6/30 13:10-14:00 98.597 0.83 5.2 159 3 3 0 0.0 0.0 SATKO
6/30 13:50-14:30 98.620 0.67 5.1 152 2 2 0 0.0 0.0 ITODA
6/30 14:00-15:00 98.633 1.00 5.3 050 6 6 0 0.0 0.0 SATKO
6/30 14:00-15:30 98.643 1.50 5.5 246 23 23 0 0.0 0.0 OSAKA
7/°111:30-12:30 99.488 1.00 5.3 170 12 10 2 2.0 9.3 OSAKA
7/ 112:30-13:30 99.527 1.00 5.3 262 13 11 2 2.0 115 OSAKA
7/ 2 12:00-13:15 100.466 1.25 5.5 165 18 17 1 0.8 3.2 0SAKA
7/ 3 16:00-17:00 101.573 1.00 4.6 028 6 6 0 0.0 0.0 HASTA
Ls : Solar Longitude *1:slightly cloudy, using 28mm lens.
hR : Hight of radiant point *2:slightly cloudy, using 50mm lens.
CL : Cloud coverage #3:18 minits stop observing.

*4:13h45m-55m (10min) stop observing



ZHR profile of June Bootids on June 27th.
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Table 4 — Time Chart of June Bootids on June 27th by Osada.

Table 7 — Velocity distribution

(Exclude observation) [Vel| ¥S M R
10h 11h +—
15m 20 25 30 35 40 45 50 55 00m 05 10 15 |Boo| 26 8 3
S. -4 ‘ -2 -1 0-1 1 0 01 3-1-1
(Observation)
11h 12h
15m 20 25 30 35 40 45 50 55 O0Om 05 10 15
34 01 4 33 33285 34 5 4 45 312 2 E
3 3 4 -1
Note)Numeric character is magnitude.
S:start
E:end
Table 5 — Radiant point
No. YMD(UT) CONST RA DEC N d Wt Vel Mag HR Obs. Meth.
1. 1998/06/27.49 Jota Dra 221 +51 22 10 4 rS—rR 3.1 25.0 OSAKA V(P)
2. 1998/06/29.68 Tota Dra 229 +50 5 5 1 vS-rS 2.6 3.3 HASTA V(P)
3. 1998/07/01.52 Tota Dra 227 +48 4 5 1 S-rS 2.3 2.0 0SAKA V(P)
N : Number of using meteors for R.P
d : Diameter (deg)
Wt Weight
Vel : Velocity (vS = VYery Slow, S = Slow, rS = Rather Slow, M = Moderate
rR = rather Rapid, R = Rapid, vR = Very Rapid)
Mag : Mean magnitude
Table 6 — Magnitude distribution
Mag| 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 |Tatal|l Ave | Lm | Obs.
(June 27) s
Boel 0 0 0 0 O 1 1 2 3 9 6 3 | 25 ‘ 2.9 J 51 [ OSAKA
Spel 0 0 0 O O O O ©¢ 0 4 6 1 11 13.7 ] 5.1 OSAKA
Boo| 1 0O O 1 5 150 185 140 167 37 - - 687 | | 6.5-6.8 {SHITA
So 0 0 0 0 0 0 8512 2 0 - - |19 |ezes|smm
(June 29) ;
jBoo 000 0 0 0 0 0 2 3 0 " 5‘2.6|5.1 |HASTA
Spo| 0 0 0 O O O 0 1 1 2 3 - [ 7130 5.1 HASTA
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1998.07.12 87th MSS

6 A5LMWETRERE 7P/Pons—Winnecke £
~Tisserand invariant C¥EHAIRENE -

AR
1. FEEIZ
1998 £E 6 A 27 A&, ZHR=269.3 =B L SMEMISHELZ, AATERASI-EH MBI «=221° ,6=151° T
1916 R HERL =6 A OV VAR (@ =231° |, 6 =+54° , HR=100:Denning,W,F., 1916) D& EINA3, £
Ki&fgEfHoD 7P/Pons-Winnecke ERITAE BN S o THE TG A AR 1.26AU FCHEN TLEV, HIBRIZHE
LI R o TL o7 D BIEOEENGITFRRN AL o T, AEIOFEFAS TP/Pons-Winnecke 5
IZEDHONEINEEREAN TS, £Z TAENERERENC L > THuENE L TUE /- BRI F—TCHH0ED
MEHIET S Tisserand invariant 255 H L TEIRIEN/-EH s b FARENAEEAY 7P/Pons—Winnecke £2 LEHZ
MBHLINEIIAIREMNZE RAZ LTI,

2. Tisserand invarant

T=a" + 257 ¥* X [a(1-e3]"* X cos a: B R, aj: RBOBI-ER, o BEUE, 1HLEERA
AREOFEEZAT TEREDS R ESE L CLE o7 AE R ORI AV AETEINSE—ET+0.010 LI EREE L
LAY,

3. BRSNERAAED S TAE S A#E & Tisserand invariant i
TEENAE , B ORSEEITENE O ERFBLEOL DR, FEDRIEES 100kn HEEL, BHRISh-
TERDBEE DD oL TNBIEND Vo=15~30 HWDGIHTHEL, #EBY 7 NI EFGZERI/ED RVO.exe {iH
ENH=138. 95 35. 37 100

DATE UT  AppRad(2000) Vo  Co.Rad(2000) VG a e q w Q i TiE
19980627 114500 221.0 51.0 15.0 215.6 53.5 10.2 1.78 0.428 1.016 176.9 95.7 14.6 0.7586
19980627 114500 221.0 51.0 16.0 216.3 53.1 11.6 2.08 0.511 1.016 177.6 95.7 16.2 0.6816
19980627 114500 221.0 51.0 17.0 216.9 52.8 12.9 2.50 0.594 1.016 178.1 95.7 17.7 0.6044
19980627 114500 221.0 51.0 18.0° 217.3 52.5 14,2 3.14.0.676.1.016 1784 95.7 19.0.0.5267
19980627 114500 221.0 51.0 19.0 217.7 52.3 15.5 4.23 0.760 1.016 178.7 95.7 20.2 0.4480
19980627 114500 221.0 51.0 20.0 217.9 52.2 16.7 6.53 0.844 1.016 179.0 95.7 21.3 0.3685
19980627 114500 221.0 51.0 21.0 218.2 52.0 17.9 14.6 0.930 1.017 179.2 95.7 29.4 0.2875
19980627 114500 221.0 51.0 22.0 218.4 51.9 19.0 -57. 1.018 1.017 179.3 95.7 23.4 —
19980627 114500 221.0 51.0 23.0 218.6 51.8 20.2 -9.5 1.107 1.017 179.5 95.7 24.3 —
19980627 114500 221.0 51.0 24.0 218.7 51.8 21.3 -5.11.198 1.017 179.6 95.7 95.2 —
19980627 114500 221.0 51.0 25.0 218.9 51.7 22.4 -3.51.290 1.017 179.7 95.7 26.1 —
19980627 114500 221.0 51.0 26.0 219.0 51.6 23.6 -2.6 1.385 1.017 179.8 95.7 26.9 —
19980627 114500 221.0 51.0 27.0 219.1 51.6 24,7 -2.1 1.482 1.017 179.9 95.7 27.6 —
19980627 114500 221.0 51.0 28.0 219.2 51.5 25.8 -1.8 1.580 1.017 180.0 95.7 928.3 —
19980627 114500 221.0 51.0 29.0 219.3 51.5 26.8 -1.5 1.681 1.017 180.0 95.7 29.0 —
19980627 114500 221.0 51.0 30.0 219.4 51.4 27.9 -1.3 1.784 1.017 180.1 95.7 929.7 —

DATE UT  AppRad(2000) Vo  Co.Rad(2000) VG a e q ® Q i Tl
19980627 114500 221.0 51.0 17.5 217.1 52.6 13.6 2.78 0.635 1.016 178.3 95.7 18.3 0.5660
19980627 114500 221.0 51.0 17.6 217.2 52.6 13.7 2.85 0.643 1.016 178.3 95.7 18.5 0.5577
19980627 114500 221.0 51.0 17.7 217.2 52.6 13.8 2.91 0.651 1.016 178.3 95.7 18.6 0.5506
19980627 114500 221.0 51.0 17.8 217.2 52.6 14.0 2.99 0.660 1.016 178.4 95.7 18.7 0.5420
19980627 114500 221.0 51.0 17.9 217.3 52.6 14.1 3.06 0.668 1.016 178.4 95.7 18.9 0.5345
19980627 114500 221.0 51.0 18.0 217.3 52.5 14.2 3.14 0.676 1.016 178.4 95.7 19.0 0.5267
19980627 114500 221.0 51.0 18.1 217.4 52.5 14.4 3.22 0.684 1.016 178.5 95.7 19.1 0.5192
19980627 114500 221.0 51.0 18,2 217.4 52.5 14.5 3.31 0.693 1.016 178.5 95.7 19.2 0.5110
19980627 114500 221.0 51.0 18.3 217.4 52.5 14.6 3.40 0.701 1.016 178.5 95.7 19.4 0.5033
19980627 114500 221.0 51.0 18.4 217.5 52.4 14.7 3.50 0.709 1.016 178.6 95.7 19.5 0.4955
19980627 114500 221.0 51.0 18.5 217.5 52.4 14.9 3.60 0.718 1.016 178.6 95.7 19.6 0. 4876
19980627 114500 221.0 51.0 18.6 217.5 52.4 15.0 3.71 0.726 1.016 178.6 95.7 19.7 0.4799
19980627 114500 221.0 51.0 18,7 217.6 52.4 15.1 3.83 0.735 1.016 178.7 95.7 19.9 0.4716
19980627 114500 221.0 51.0 18.8 217.6 52.4 15.2 3.95 0.743 1.016 178.7 95.7 20.0 0.4640
19980627 114500 221.0 51.0 18.9 217.6 52.4 15.4 4.09 0.751 1.016 178.7 95.7 20.1 0.4560
19980627 114500 221.0 51.0 19.0 217.7 52.3 15.5 4.23 0.760 1.016 178.7 95.7 20.2 0. 4480
19980627 114500 221.0 51.0 19.1 217.7 52.3 15.6 4.38 0.768 1.016 178.8 95.7 20.3 0. 4403
19980627 114500 221.0 51.0 19.2 217.7 52.3 15.7 4.55 0.776 1.016 178.8 95.7 20.4 0. 4325
19980627 114500 221.0 51.0 19.3 217.7 52.3 15.8 4.73 0.785 1.016 178.8 95.7 20.6 0.424]
19980627 114500 221.0 51.0 19.4 217.8 52.3 16.0 4.92 0.793 1.016 178.8 95.7 20.7 0.4165
19980627 114500 221.0 51.0 19.5 217.8 52.2 16.1 5.13 0.802 1.016 178.9 95.7 920.8 0. 4082



DATE UT  AppRad(2000) Vo Co.Rad(2000) VG a e g o Q i T
19980627 114500 221.0 51.0 18.10 217.35 52.51 14.35 3.22 0.684 1.016 178.5 95.7 19.1 0.5192
19980627 114500 221.0 51.0 18.11 217.36 52.51 14.36 3.23 0.685 1.016 178.5 95.7 19.1 0.5183
19980627 114500 221.0 51.0 18.12 217.36 52.51 14.38 3.24 0.686 1.016 178.5 95.7 19.1 0.5174
19980627 114500 221.0 51.0 18.13 217.36 52.50 14.39 3.25 0.687 1.016 178.5 95.7 19.2 0.5164
19980627 114500 221.0 51.0 18.14 217.37 52.50 14.40 3.26 0.688 1.016 178.5 95.7 19.2 0.5155
19980627 114500 221.0 51.0 18.15 217.37 52.50 14.42 3.26 0.689 1.016 178.5 95.7 19.2 0.5152
19980627 114500 221.0 51.0 18.16 217.37 52.50 14.43 3.27 0.689 1.016 178.5 95.7 19.2 0.5146
19980627 114500 221.0 51.0 18.17 217.38 52.50 14.44 3.28 0.690 1.016 178.5 95.7 19.2 0.5137
19980627 114500 221.0 51.0 18.18 217.38 52.49 14.45 3.29 0.691 1.016 178.5 95.7 19.2 0.5128
19980627 114500 221.0 51.0 18.19 217.38 52.49 14.47 3.30 0.692 1.016 178.5 95.7 19.2 0.5119
19980627 114500 221.0 51.0 18.20 217.39 52.49 14.48 3.31 0.693 1.016 178.5 95.7 19.2 0.5110
19980627 114500 221.0 51.0 18.21 217.39 52.49 14.49 3.32 0.694 1.016 178.5 95.7 19.3 0.5100
19980627 114500 221.0 51.0 18.22 217.40 52.48 14.50 3.33 0.694 1.016 178.5 95.7 19.3 0.5094
19980627 114500 221.0 51.0 18.23 217.40 52.48 14.52 3.34 0.695 1.016 178.5 95.7 19.3 0.5086
19980627 114500 221.0 51.0 18.24 217.40 52.48 14.53 3.34 0.696 1.016 178.5 95.7 19.3 0.5083
19980627 114500 221.0 51.0 18.25 217.41 52.48 14.54 3.35 0.697 1.016 178.5 95.7 19.3 0.5074
19980627 114500 221.0 51.0 18.26 217.41 52.48 14.55 3.36 0.698 1.016 178.5 95.7 19.3 0.5066
19980627 114500 221.0 51.0 18.27 217.41 52.47 14.57 3.37 0.699 1.016 178.5 95.7 19.3 0.5057
19980627 114500 221.0 51.0 18.28 217.42 52.47 14.58 3.38 0.699 1.016 178.5 95.7 19.3 0.5051
19980627 114500 221.0 51.0 18.29 217.42 52.47 14.59 3.39 0.700 1.016 178.5 95.7 19.4 0.5042
19980627 114500 221.0 51.0 18.30 217.42 52.47 14.60 3.40 0.701 1.016 178.5 95.7 19.4 0.5033
TP/Pons—Winnecke EEO#LEZ L L Tisserand invariant

[ q e @ Q i a P T i
1819 III [1819/07/19.681 (0.77188 0.75417 [161.991 [115.483 [10.746 [3.139893 [5.56 (0.5113
1858 11 |1858/05/02.5396 [0.768939 [0.754845 |162.2032 [115.4344 [10.7939 [3.136542 [5.55 [0.5113
1860 T  |1869/06/30.4417 |0.781519 [0.751932 [162.4537 [115.2969 |10.7972 [3.150422 |5.59 [0.5113
1875 1  |1875/03/12.5993 [0.829004 (0. 740997 [165.2101 [113.1645 |11.2766 [3.200751 [5.73 (0.5111
1886 VI  [1886/09/04.8864 (0.885499 [0.726178 [172.0920 [105.6074 [14.5220 [3.233849 .82 (.5111
1892 IV [1892/07/01.4040 (0.886555 (.725983 [172.1650 [105.5593 [14.5202 [3.235401 .82 [0.5111
1898 II [1898/03/20.8686 (0.923817 .714814 [173.4072 [102.2358 |16.9910 [3.239349 .83 0.5117
1909 II [1909/10/09.7947 0.973066 (.701765 [172.3174 [100.5725 |18.2846 [3.262749 .89 (0.5126
1915 III [|1915/09/02.7901 §0.970605 (©.702320 [172.4150 [100.5177 [18.3043 [3.260565 [5.89 [0.5125
1921 TIT [1921/06/13.4125 |1.040893 (0.685482 [170.2992 99.1973 [18.9243 |[3.309486 .02 [0.5135
1927 VII [1927/06/21.0654 |1.039235 K.685685 [170.3974 99.1422 [18.9397 [3.306349 6.01 [0.5136
1933 11 1933/05/18.7891 |1.101784 K.669589 [169.2709 [97.5332 [20.1145 [3.334586 [6.09 [0.5147
1939V [1939/06/22. 7150 |1.101471 10.669678 [169.3667 197.4818 [20.1218 [3.334537 .09 (0.5147
1945 IV [1945/07/10.5895 [1.159202 10.654860 [170.1315 [95.1355 [21.6928 [3.358643 §5.16 [0.5148
1951VI  [1951/09/08.6129 |1. 160469 (0.654566 [170.2205 [95.0850 [21.6891 [3.359452 6.16 [0.5148
1964 T 11964/03/24.5498 [1.230129 10.639386 [172.0462 193.6610 [22.3252 [3.411207 [6.30 [0.5147
1970 VIII [1970/07/21.0309 |1.247364 0.636004 [172.2625 [93.4682 [22.3218 [3.426862 $.34 [0.5147
1976 XIV [1976/11/28.7421 |1.254207 10.634705 [172.3780 93.4275 [22.2932 [3.433409 .36 [0.5147
1983 IV [1983/04/07. 5083 |1.253989 10.634715 [172.3361 [93.4313 [22.3071 [3.432906 6.36 0.5147
1989 VITT |1989/08/19.9011 [1.260964 (0.633513 [172.3381 193.4322 [22.2722 [3.440679 6.38 [0.5146
1996 1996,/01/02. 45617 [1. 2558894 0. 6344259 |172. 31511 193. 42662 [22. 30118 [3. 435389 6. 367 0. 5147
B (%) 47. 2 179 6. 6 21.9 63. 5 9. 2 13.8 0.7
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ABSTRACT

Observational evidence is sought that the long-term (10% yr) action of a mean motion
resonance with Jupiter can produce structure in a meteoroid stream, concentrating meteoroids
in a dense swarm. More specifically, predictions tabulated by Asher & Clube of enhanced
meteor and fireball activity from a Taurid Complex swarm in the 7:2 resonance are compared
with observational data collected in Japan over several decades. The swarm model was
proposed for reasons independent of the observations analysed here, and these newly
considered data are shown to be consistent with it. This allows increased confidence in the
Taurid swarm theory, and more generally could mean that resonant trapping is a dynamical
mechanism affecting a significant amount of meteoroidal material in the inner Solar system.

Key words: comets: individual: 2P/Encke — meteors, meteoroids.

1 RESONANT TRAPPING AND THE
STRUCTURE OF METEOROID STREAMS

The basic principles of meteoroid stream formation and evolution
are well understood (Williams 1995). In the first stage (lime-scale,
e.g., 10 yr), small differences in orbital period P, due o ejection
velocities or (for small particles) radiation pressure, cause disper-
sion along the orbit of the parent body. The rate of spread in mean
anomaly M depends fairly straightforwardly on the dispersion in P.
This stage, then, is characterized by a partial extent of meteoroids
around the orbil. During this process, trails such as those observed
by the Infra-Red Astronomical Satellite (/RAS) are formed (Sykes
& Walker 1992; Kresak 1993).

After meteoroids are distributed around all values of M, other
dispersive mechanisms, planetary perturbations in particular, act
(e.g. over 10° yr) to broaden the stream, which will eventually be
lost in the sporadic background. Although a catastrophic fragmen-
tation with high-speed ejecta could produce an immediately broad
distribution of meteoroids, usually (and especially with compara-
tively low-speed ejection by normal cometary processes) meteor-
oids are regarded as remaining in a rather narrow band about the
orbit of the parent while the stream increases its extent in M, The
broadening mechanisms tend lo act over a longer time-scale, after
360° dispersion in M has been achieved.

Concentrations of recently released material that extend only
partially around the orbit can lead (o dramatic increases in meteor
shower activity in years when the Earth intersects that part of the
orbit, as, lor example, with the Perseids and Leonids. However,
another way to produce yearly variations in shower activity, which
is less dramatic but involves some interesting long-term dynamics,
is to have a mechanism that can systematically concentrate particles
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at preferential values of M. That is, in the long-term (long enough
for the broadening mechanisms to act), meteoroids do not spread in
M at the rate that might be suggested by their original differences in
P. The action of a mean motion resonance, most probably with
Jupiter, as the most massive planet, can achieve this. A related but
distinct mechanism to produce yearly variations has been demon-
strated by Froeschlé & Scholl (1986) with orbits similar to observed
Quadrantid orbits, where resonant particles in particular ranges of
M undergo different nodal precession, thus forming separate arcs.

Asher & Clube (1993, hereafter Paper I) described a model of a
meteoroid swarm at the heart of the Taurid Complex and in 7:2
resonance with Jupiter. The theory arose from observations that in
some years spanned the relatively broad interval of as much as
two weeks, strongly suggesting (although not necessitating) that it
is the long-term dynamical processes just described that are
relevant.

By searching the large data set comprising meteor observations
of the Nippon Meteor Society over the past six decades, we can now
make a stronger test than before of the model. This has important
implications for meteoroid stream dynamics, for while we know
that resonant trapping can happen in theory, it is not clear quantita-
tively the extent to which the resonant mechanism can, over long
time-scales, overcome the effects that disperse the stream. It seems
valuable to demonstrate observationally the (possible) existence of
such a resonant structure.

2 MODEL

The Taurid swarm theory has been described in various places
(Paper [; Asher 1991, 1994; Asher et al. 1994). In this section we
summarize the essential features.
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In meteoroid stream studies, detailed models can be constructed,
with many parameters. However, caution is advisable, as the
introduction of enough free parameters can make il too easy to fit
a given set of observational data, without much justification ol why
the model should be preferred over other models. Therefore, with
the Taurid swarm theory, we do not combine all available data to
specify a more detailed model than before, but rather use the newly
available data as a test of the model derived from previously known
data, Previous computer simulations can be reduced simply (o a set
of years in which enhanced meteor activity is expected; these years
can then be compared with observations.

Typically, the action of a mean motion resonance causes close
approaches to the planet in question to be avoided (Opik 1976;
Greenberg 1977; Milani et al. 1989). The Taurids, in cis-Jovian
orbits of high eccentricity, come closest to the orbit of Jupiter when
they are near aphelion, and a resonant particle thus librates in M
aboul a poinl ~ the resenance centre — which maximally avoids
Tupiter during aphelion passages. The location of this point in M

(i.e., along the orbil) evidently depends on the longitude of

aphelion, equivalently the longitude of perihelion . Resonant
particles with similar w will have a distribution in M concentrated

around the resonance centre. Defining the swarm model consists of

specifying the position of the centre, and the extent of the spread
about the centre.

Some years ago, attention was drawn (Clube & Asher 1990) to a
set of 26 Taurid fireballs seen by Dutch observers over two weeks in
1951 (van Diggelen & de Jager 1955), and a meteoroid bombard-
ment of the Moon detected by seismometers over 10 days in 1975
(Dorman et al. 1978), as being manifestations, respectively before
and after perihelion, of the same meteoroid swarm (although the full
possible significance of the 7:2 resonance was not discussed). The
1975 June and 1951 November data can directly be used to define
the location of the resonance centre. While the passages of Comet
2P/Encke (well known to be associated with the Taurids; Whipple
1940) below and above the orbit of the Earth define dates of 30 June
and 3 November, the midpoints of the 1975 and 1951 activily give
23 June and 3 November, whence @ = 15675. This mean w of the
swarm yields M of the resonance centre as a function of time, by
simple caleulations (considering longitudes of Jupiter and the
resonance centre), the details of which (Paper I; Asher 1991) we
omit here.

The distribution of particles in M about the resonance centre
depends on their distribution of libration amplitudes on release (i.e.,
on details of the parent’s libration and on ¢jection velocities from
the parent), and on their subsequent orbital evolution. However, the
introduction of free parameters can be avoided because, within 107
yr, continual small perturbations from the Earth and Venus cause an
equilibrium distribution in M to be reached. Dynamical simula-
tions, including the long-term effects of the Earth and Venus, define
the equilibrium distribution of swarm particles about the resonance
centre, independently of observations. There is found (Paper I,
Asher 1991; Asher et al. 1994) to be a fairly uniform density within
about =30° falling to low values by around *40°.

The meteoroids’ values of M are easily related to variations in
shower activity by considering AM, the displacement in M of the
resonance centre from the point at which the swarm orbit crosses the
orbit of the Earth, on the date when the Earth is at that point. If |AM|
is below 30-40° enhanced activity is expected. Thus in the tables
below, values of AM within +40° are noted.

It was regarded as encouraging (Asher 1991) that 1978 gave a
clearly better Taurid display than 1979 (Henshaw 1979), and 1988
than 1989 (Markham 1988, 1990). We now consider further

LSS~ 087

observational meteor data. Individuzl orbits of a precision whereby
their resonant or non-resonant character can be ascertained do not
exist, in large quantity at any rate, but there are exlensive and
reliable data in the form of number counts, which can easily be
compared with predictions of the theory to see if the years of
increased activity are correct,

It has been tentatively suggested (Asher 1991), primarily on the
basis of the 1951 observations (van Diggelen & de Jager 1955), that
meteoroids in the proposed swarm are giving Northern rather than
Southern Taurid meteors, but as this is uncertain, we consider all
Taurids in this paper.

3 JAPANESEMETEOR OBSERVATIONS OVER
SIXDECADES

Observers in the Nippon Meteor Society (NMS) have monitored the
Taurids for many years, and so we have checked past records of the
Society. From 1972 cnwards, there are extensive quantitative data.
Prior (o this, detailed data values do not tend to have been reported;
ratier, there is typically just a sentence or two written about Taurid
activity. Nevertheless, these briefer reports also yield valuable
information.

Table 1 shows the data since 1972, first as given in NMS
Astronomical Circulars, and secondly as observed personally by
one of the authors (Izumi 1996). There is slight overlap between the
two, as Izumi has been one of the many contributors to the data set
from which the NMS figures are derived, but we give both here: the
NMS data have the advantage of being based on a larger total of
observations and the peisunal data have the advantage of being free
of biases between different observers.

Since the Taurids as a whole contain a large number of meteors,
overall Taurid rates may disguise yearly variations (Bone 1989,
1991) that we are proposing are due (o the resonant swarm.
However, it has been noted (Asher 1991, 1994) that as well as the
correct dates for the swarm (the end of October and the first ten or so
days of November, compared with general Taurid activity lasting
for most of October and November), particularly brighs meteors
may be significant, although this depends on the efficiency of
radiative forces in removing small particles from the resonance
(see Gonezi, Froeschlé & Froeschlé 1982). Therefore Table 1 lists
some figures specific to relevant dates, or to bright meteors, in case
it is these specific figures that best show the yearly variations being
sought,

Columns (a) to (e) of Table | give the yearly observational data,
and column (f) the predictions of the resonant swarm model
described in Section 2. Other factors that could be considered to
affect the number of Taurids observed — the position of Comet 2P/
Encke and the lunar conditions — are given in columns (g) and (h).

The fireball counts [see especially column (¢)] seem to confirm
the 1978 and 1988 features mentioned in Section 2, with possibly
something similar in 1974. The value of AM for 1974 is —42° [cf.
column (f)]. It is possible that a notable submicron dust detection in
1974 November (Singer & Stanley 1980) related to particles
released from swarm meteoroids (Clube & Asher 1990), although
in this paper we are directing attention more towards meteoroids
large enough to produce fairly bright meteors.

There are further, albeit less detailed, data from earlier years and
so at the left of Table 2 (after Paper I) we list the years in which
swarm encounters are predicted. We searched NMS reports for
years of notable Taurid activity, to see if these matched predictions.
Thus against the predicted years, Table 2 lists all years for which, in
the publications we examined, increased Taurid activity was
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Table 1. Taurid activity from 1972 onwards. For cach year are given meteor and fireball data from Nippon Meteor Society (NMS) records, observational data as
recorded personally by one of the authors (Izumi 1996), and various factors that might be expected to predict years of observed increased activity.

NMS meteor data Fireball data rom NMS

Data from Izumi (1996) Predicting factors

Year HR (11/1-11/5) No. (10/1=11/30) No. (10/25-11/11)  ZHR (10/6-12/1) No. (10£25-11/11) AM Encke  Moon
(a) (b) (c) (d) (e) (f) (2} (h)
1972 1.9 2(1) 1 () 1.7 244 —24
1973 1.0 3(3) 3(2) 1o’ 102
1974 4.2 10 (4) 6 (0) 2.0 01 Apr ~128
1975 3.0 4(2) 4(2) 23 6/26 6
1976 2.7 3(0) 1(0) 1.5 1/5 149
1977 25 7(4) 5(3) 0.7 Aug -88
1978 4.2 9(3) 7(2) +23 43
1979 0.0 7 (D) 3(0) 1.9 178
1980 3.4 3(2) 3(2) 20" 0/3 Dec —38
1981 5.0 4(1) 4() —18 83
1982 (3.3) 1(0) 0(m ~146
1983 2.5 2(0) 1 (0) 0.0 —10
1984 2.5 31y 0 () 2.4 118 Mar 133
1985 2.4 3 I () 6.1 219 ~107
1986 2.1 2.(0) 2 (0) 3.8 07 24
1987 (3.0 0 0(0) 43" Tul 159
1988 4.7 16 (0) 12 (0) +5 -58
1989 3.7 1 (D) 0 (D) 63
1990 (1.7) 3 0 () 1.9 0/2 Oct —166
1991 3.7 7(0) 5(0) 5.9 o7 -36 -30
1992 2.4 4 (0) 2(0) 34 204 110
1993 1.9 3(0) 1(0) 72" 0/1 -127
1994 2.7 7(0) 5(0) 4.5 2/3 Feb 6
1995 2.4 12 (0 1(0) 5.6 +29 143

NMS data:

(a) Hourly rate of Taurids for solar longitude 219-223" (~ Nov 1-5), or if unavailable, for Nov 11-15 (indicated by brackets).
(b} Total number of Taurid fireballs, from all of October and November, reported to the NMS, First number refers to those of mag =3 or brighter, with the

additional number of mag -2 in brackets.
(c) As (b) but restricted 1o Oct 25-Noy 11,
Personal data:

{d) Average zenithal hourly rate (ZHR) for Taurids between October 6 and December 1, asterisks indicating when the figure is based on few data, ZHR is the
observed number of meteors per hour normalized to the radiant being at the zenith, a limiting magnitude of 6.5 and zero cloud cover; thus the observed hourly
rate is multiplied (Roggemans 1987) by r537" (1 — 7)™ cos™(90° — h) where m, is the limiting magnitude, / is the fraction of cloud cover, /t is the radiant
altitude and y=1.5, The population index is + taken as 1.6, appropriate for the Taurids.

() Taurid meteors from October 25 — November |1 observed by Izumi (1996): the two ligures are the total number brighter than mag 0 out of the total number of

all magnitudes.
Predictions:

(f) AM for the swarm model, from Paper L. This is the amount in mean anomaly by which the central point of the swarm misses Earth encounter. Shown when
|AM| < 40°, as this is approximately when enhanced activity is expected.

(g) Perihelion passage month of 2P/Encke (orbital period 3.30 yr}. Taurid meteors are produced by meteoroids intersecting the Earth’s orbit a month or so before
perihelion, (The pre-perihelion branch of Encke’s orbit misses the Earth's orbit by 0.19 au.)

(h) Right ascension of Moon relative to Sun at November 4.0, As Taurids have radiants not too far from the solar opposition point, values near (" are favourable

(new moon) and those near = 180° are unfavourable (full moon).

observed. Encke and Moon columns are given as with Table 1. The
years highlighted by a black dot seem exceptional on the basis of
these reported observations alone. In four of the years, substantial
fireball activily was recorded, and the (ifth showed an hourly rate of
10, which is unusually high for Taurids, six (at maximum) being
more typical (Izumi 1996). One year (1937) does not relate to
observations in Japan but seems worth listing as the one extra year
to which attention was drawn by Furuhata (1980), numerous fire-
balls being detected by the photographic programme operating at
Harvard at the time.

Since the five highlighted years of observation are all among the
predicted years, this lends strong support to the resonant swarm
theory. A statistical test will make this statement more rigorous; we
use a variation on the Q-test of Matsumoto & Kubotani (1996). A
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Monte Carlo method is employed to determine how often as good a
match of predictions to observations could be expected by chance.

Each Monte Carlo trial consists of taking the period from 1900 to
2008, for which 24 years of predicted swarm encounters were
tabulated in Paper 1 (the subset of these years, from 1934 to 1971,
are the years in the leftmost column of Table 2 of the present paper).
This real sequence of predicted years is randomized by fixing the
endpoints 1900 and 2008 but scrambling the 23 intervals in between
(cf. Matsumoto & Kubotani 1996). This ensures that the rando-
mized sequence maintains properties of the original sequence, in
particular the fact that the intervals between successive swarm
encounters are always 3, 4 or 7 yr, while also ensuring that
encounters in the period from 1934 to 1971 occur at unexpected
times compared to the original sequence. The observed years are
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Table 2. Comparison of predictions with observations, up to 1971. The first two columns, after Paper I, give all years (from 1934 onwards) in which swarm
cncounters are predicted, together with the AM parameter. The next two columns give all years in which observed increased meteor and fireball activi Ly up Lo
1971 has been recorded by the NMS, with notes and references (OAA = Oriental Astronomical Association). The years marked e are especially notable on the
basis of these observations. The column headed ‘Encke” gives the perihelion passage month of Comet 2P/Encke. The final column gives the right ascension of the

Moon relative Lo the Sun at November 4.0 (values near 0° correspond to favourable viewing conditions and those near = 180° unfavourable: ¢f. Table 1).

Predicted Observed
year AM year Notes (reference) Encke Moon
1934 29 s 934 Many fireballs (Furuhata 1980) Aug -38
1937 —-12 e 1937 Many fireballs photographed in Harvard (Furuhata 1980) Dec 9
1944 11 Aug —-132
1947 -30 Dec 108
1951 35 Mar 63
1954 -6 o 1954 More aclivity & many fireballs (Circular 27, Meteor Section, OAA, 1954) Jun 96
1961 17 1961 More actlivity in Nov Jan -47
1963 More activity — 144
1964 ~24 e 1964 More activity; HR=10 in Nov (NMS Monthly Report, No. 101, 1964) Jun 2
1967 More activity Sep 23
1968 More activity in Nov 167
1970 More activity 61
1971 -1 e 1971 More activity and many fireballs (NMS Monthly Report, No. 184, 1971) Tan -165

then compared to the randomized sequence, the number of match-
ing years being counted,

Of 100000 such trials, 1900 had all five observed years corre-
sponding to years appearing in the randomized sequence. (The
standard deviation of this figure of 1900 is ~40 for a binomial
distribution, so the figure is reliable.) Therefore at a significance
level of 98 per cent, we can reject the null hypothesis that the
correspondence of observed and predicted years is due to chance,

Alternatively, a similar statistical test can be performed using the
set of all observed years listed in Table 2, not just the five
highlighted years. Six of these 10 years match the predicted
years. Of 100000 Monte Carlo (rials, 4700 had six or more
observed years corresponding to years appearing in the randomized
sequence, giving a significance level above 95 per cent.

4 POSSIBLE EXPLANATIONS

In addition to the 1951 and 1975 observations, from which the
model parameters can be derived, seven further years (1934, 1937,
1954, 1964, 1971, 1978, 1988) have now been found that are
notable from Taurid meteor observations, and all seven are pre-
dicted by the swarm model. The first five of these seven years had
not previeusly been identified in connection with the swarm theory.
In Section 3 we demonstrated that the fact that exceptional Taurid
activity was reported in these five years is consistent with the theory
at a high significance level. In addition, observations (Giddings
1946; Frank, Sigwarth & Craven 1987), the source of which is
debatable but which could also be meteoroids, and so could relate to
swarm apparitions in 1931 June and 1981 November, have pre-
viously been noted (Paper I; Asher et al. 1994).

The most obvious small adjustment to allow in the model would
be an additive constant (less than 15°, say) to all the values of AM,
corresponding to a small uncertainty in the swarm’s (average) value
of w. Values of AM other than those we give here can easily be
caleulated, noting that the resonance centre moves 360° in 3.39 yr,
Thus the swarm advances by 319° (i.e., regresses by 41°) in 3 yr, hy
65”in4 yr, and by 24° in 7 yr, with a near repetition every 61 yr (18
orbital periods). This could improve the fit of the observations by
making the swarm apparitions have AM nearer zero, and may be

worthwhile as a future endeavour, but is not performed here as
introducing a free parameter would make the result less significant
statistically.

A model considering 2P/Encke seems to explain the observations
much less well (Tables 1, 2). Indeed, Izumi (1996) noted a tendency
(in the data from 1972 onwards) for Taurid activity to increase a
vear after Encke returns, rather than when Encke is nearby).
Relative to the 7:2 resonance centre, Encke advances by about
0.09 yr per revolution and so over half a century there is certainly
enough difference to distinguish between the models. The later
dates (Table 1) are in fact fitted rather worse by an Encke model than
the earlier dates of Table 2, because of this gradual drift between
Encke and resonance centre.

One could propose a general swarm (o explain the years in which
increased activity was seen, deriving a best fitting orbital period
regardless of the resonance. The swarm would consist of meteor-
oids that had been ejected recently (so as not to be fully dispersed in
M) but at high speed (to give the cross-section of two weeks). While
this is possible, it is an ad fioc hypothesis.

The remaining important question is whether the observations
genuinely represent the meteor and fireball activity or whether, for
whatever reason, the years of notable activity just reflect years when
observations (visual and other) were done at all. Presenting data for
all years from 1972 onwards (Table 1) was an attempt to address this
problem. With the carlier years, observers of the past several
decades have certainly not been specially directing their efforts
towards detection of the proposed Taurid swarm, and so there
must be another reason for the good match of observations with
predictions.

In this respect, one might invoke the lunar phase as an
explanation, as there is a tendency for favourable conditions in
many of the years in question. However, this tendency does not
cover all the years (1971 had bad lunar conditions), and moreover,
especially enhanced activity has not been found in years with
good lunar phase but unfavourable AM. At this stage, therefore,
especially given the statistical test applied in Section 3, the
resonant swarm appears to offer the best explanation of the
observations of greatly enhanced numbers of Taurids in some
years but not in others.
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Table 3. Predicted fulure
years of swarm encounters.
in early November (= ; 1307 LN A

arly November (= 2 T 307 bR A
week ).

Year AM
19494 13
2005 [
2008 -~ 30

5 CONCLUSIONS AND PREDICTIONS

Since the Taurids are known to produce enhanced activity of

fireballs and bright meteors in some but not all years, there are
evidently one or more concentrations within the Taurid meteoroid
stream. ILis possible that as yet unspecified concentrations produce
what is observed. However, we have presented statisticully sig-
nificant evidence that a single, dominant concentration can explain
most {in fact all, to date} observed years of enhancement. and thus is
a single, unifying theory for the observations. This model. describ-
ing a meteoroidal swarm formed by the action of the 7:2 mean

motion resonance with Jupiter, makes quite strong predictions of
the expected vears of enhanced activity. We have shown that these

predictions are consistent with observations to date, demonstrating
the importance of long-term (decades) monitoring of meteor
showers.

A dynamical phenomenon in meteoroid stream evolution has
been described: a notable point is the long time-scale involved (as
compared (o the situation in which enhanced shower activity results
from the proximity of the parent. as with the Leonids and the
Perseids). That the proposed Taurid swarm is large enough to show
clearly observable yearly variations implies that a substantial
source has fed meteoroids into the swarm,

An independent confirmation of this source object, if it sl
exists. would naturally be desirable. for studies of both resonant
dynamics and the Taurid Complex. The possible current location of
the body in relation 1o the IRAS trail and 1o an outflow of dust from
its descending node (Roosen. Berg & Farlow 1973) has been
discussed elsewhere (Paper [ Clube & Asher 1990). The trail
was observed in u position suggesting that it could be associated
with a resonant parent from which 2P/Encke separated shortly
before its (Encke's) first recorded observation in 1756 {Paper [:
Asher 1991),

If the swarm does have a resonant source embedded in the
IRAS trail, new epoch (it now being over a decade since the [RAS
survey) infrared trail observations could he valuable, as it can he
predicted that 2P/Encke and the resonant parent would have
separated significantly since the time of /RAS. Most importantly,
however, we emphasize the value of continued meteor shower
observations, as in the end this is what can confirm or refute the
resonant swarm theory. Table 3 gives future years (after Paper I)
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when the resonant swarm is predicted to produce bright Taurid
meleors and fireballs.
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Near the maximum of the Leonid shower on the morning of November 17, 1966,

Dave Mclean recorded this cascade of meteors near the western horizon from

atop Kitt Peak in Arizona. On the left, a fireball exploded in a brilliant ter-

minal burst below the lst-magnitude star Rigel in Orion (top left). The stars
of Eridanus are in the central part of the field.

N INTENSE RAIN of thousands
upon thousands of Leonid meteors
fell over the western United States
for a short interval on the morning of
November 17th. This brilliant display
rivaled the historic leonid showers of
November 12, 1799, in Peru, and Novem-
ber 13, 1833, when ‘stars fell on Ala-
bama” and elsewhere in vast numbers.
“Meteors coming too rapidly to count”
was the experience of all who saw the
climax of this year's great storm of Le-
onids from such favorable regions as
Arizona, Colorado, New Mexico, and
Texas. At the critical time, however,
clouds covered most of the Far West.
To the east conditions were varied, with
rain in New England. Where it was clear
along the Atlantic seaboard, dawn ended
observing while the shower was still on
the increase.
As mentioned in the November issue
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(page 251), the 1965 zenithal hourly rate
for Leonids was only about 50, and few
astronomers shared H. B. Ridley's con-
fident expectation of at least 100 Leonids
an hour in 1966. It turned out that this
prediction was about 1,000 times too
smalll

Only highlights can be noted in the
following synopsis of scores of reports
from observers, who worked as individu-
als and in groups. We begin with the
striking results from Arizona and other
places in the Southwest, and round out
the picture from the remainder of the
s ARIZONA

“A rate of around 150,000 per hour
was seen for about 20 minutes,” writes
Dennis Milon of Tucson, Arizona, who
with a dozen other amateurs watched
from 6,850-foot Kitt Peak. Apart from
some clouds, the sky was clear enough to

2,1000n

Lag
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18 dof|sec
.5 ~10:50 |92/ 6amin |2:40 30/ | min
Hito 30/ Imin  12:3) Fgd
[1:30 é‘\.HJ,r | wmin

Great Leonid

Meteor Shower
of 1966

reveal the gegenschein just west of the
Pleiades. Mr. Milon continues:

“From 8:30 to 9:30 Universal time (1:30
to 2:30 a.m. Mountain standard), we
made meteor counts and magnitude esti-
mates for Dr. Peter Millman of the
National Research Council of Canada.
By the end of the hour it was evident
a fair shower was in progress, but the 33
Leonids seen gave 1o indication of the
spectacle to come.

“Our secand hour of observing hegan
at 9:50. Excitement grew as the rate
climbed and the number of bright me-
teors increased. Our timekeeper Roger
Duewel was frantically calling out serial
numbers as all nine observers, it seemed,
yelled at once ‘Meteor! Meteor!" and
‘More observing forms!’ In that hour
one observer logged 192 Leonids, while
another counted 30 brighter than magni-
tude 0.

“But it was getting impossible for us
to write down the magnitude estimates,
for the meteors came faster and faster.
We stopped recording magnitudes and
started making only counts. The single-
observer rate went up to about 30 a
minute by 11:10, when a fireball of mag-
nitude —8 exploded dramarically.

“The sky began to rain shooting stars.
By 11:30 there were several hundred a
minute. A quarter-hour later, the meteors
were so intense that we were guessing
how many could be seen in a one-second
sweep of the observer's head. The fan-

Another brilliant Leonid fireball, pho-
tographed on November 17th by Rob-
ert Hillenbrand during an observing
session of the Evansville Astronomical
Society in Indiana. This meteor be-
gan near Psi Ursae Majoris (top left)
and burst above Gamma. Mr. Hillen-
brand used a Pentax camera with an
£/1.8 lens and Ektachrome color film,
from which this black-and-white re-
production was made.
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At the peak of the shower, the radiant was distinctly delineated by the meteors pouring from it, as shown by these photo-

graphs made on Kitt Peak. The negative of Dennis Milon’s 31-minute exposure (above) shows 61 meteors; an equal expo-

sure by Dave McLean (below) shows 70. Note the latter's two “point” meteors, which appeared head on at the radiant.
Regulus is near bottom center in each picture. Tri-X film and 105-mm. lenses were used by both observers.

tastic rate of 40 per second was reached
at 11:64, difficult to gauge but the con-
sensus of our observing group.

ce meteors were simultaneously
visible in all parts of the sky, the fore-
shortening of their paths around the
radiant was especially noticeable. Jack
Sulentic commented that looking directly
at the radiant gave him an impression of
the earth moving through space toward
Leo. Viewing with wide-field 13-degree
binoculars, I was fascinated by the Le-
onids slowly burning in through the
Sickle. One came in glowing green, and
I watched its twisted train drift north-
westward at several degrees a second.
Everywhere I looked with binoculars I
saw one or more trains.”

Then the extraordinary spectacle be-
gan to wane. There had been over 1,000
meteors a minute from 11:30 to 12:30,
with a peak of perhaps 2,400 per minute

ABOUT THE FRONT COVER

In this montage of five Leonid-
shower portraits on November 17th,
we see (counterclockwise from upper
left): 1, three Leonids in Perseus, with
the Pleiades at left; 2, a brilliant fire-
ball exploding just north of Mu Ceti;
5, a Leonid streaking toward the in-
verted Little Dipper, and beginning
to flare near Kochab; 4, meteors near
Gamma Eridani; 5, a bright Leonid
passing Mizar and Alcor in the Big
Dipper handle.

All pictures were taken with £/1.9
lenses on High Speed Ektachrome. No.
5 (upper right) is by T. B. Kirby and
T. P. Pope in New Mexico at 12:13
UT, the others by D. Pearson in Ari-
zona about 11:55.

at 11:55. "By 12:40 the shower was back
down to 30 per minute,” writes Mr.
Milon. “We continued to see Leonids in
the brightening dawn sky until a beauti-
ful Arizona sunrise closed our observing."”
At Kitt Peak that morning, astronomical
twilight began at 12:31 UT, this being
the time when the sun was 18 degrees

below the horizon. The

13:57 UT.

sun rose at

CALIFORNIA

At Table Mountain Observatory, near
Wrightwood, California, James W. Young
and Charles Capen made photographic
and visual observations of the Leonids
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At Wrightwood, California, Dale A. Etheridge photographed these Leonids in

the north circampolar sky (the Big Dipper is at right). He used a Hasselblad

500C camera, equipped with an /2.8 lens of 80-mm. focal length. In front of

it was placed a rotating shutter that interrupted the exposure 10 times a second,

producing breaks in each meteor’s trail. From these the meteor's duration can be

deterrained, and from its path length the apparent velocity across the sky.
Myr. Etheridge used Tri-X film.

during the morning of November 17th.

“The sky began to clear abour 10:20
UT and after 11:00 numerous bright and
long-train meteors were obhserved in a
clear sky," reports Mr. Capen. “The rate
continued to increase, so we saw a rain
ol meteors turn mto a hail of meteors and
finally become a storm of meteors too

numerous to count by 11:50. The scin-
tillating sky looked like a radium spin-
thariscope, and instinctively we sought 1o
shield our upturned faces from imagined
celestial debris.”

Mr. Young notes, "By 11:50 the shower
had reached a maximum of possibly 10
meteors per second, a figure from several
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This graph was prepared by Dennis
Milon from observations by a 13-man
team on Kitt Peak, Arizona. The dots
represent various individual observers’
counts_ (or estimates) of the meteors
seen in one minute. The great burst
of activity began near 11:30 Universal
time and lasted about an hour. The
peak is some 2,400 per minute.

one-second intervals. The peak seemed
to last for about 30 minutes, and did not
slacken much until 12:30. At this time
larger and brighter meteors were seen.
Of the 16 or more freballs from ]1:15
to 13:47, almost all Jeft trains, lasting {for
up to 20 minutes."”

From the Table Mountain narratives,
it appears that the peak activity had
passed before dawn began o interfere,
since astronomical twilight did not begin
until 12:58 UT.

New MEexIico

H. Gordon Solberg, Jr., observed the
shower from Las Cruces, New NMlexico.
He judged that the number of Leonids
visible over the entire sky was 15 per
second at 11:45 UT, and after moving
to a darker location found 25 per second
at 12:00. Both these numbers, he sug-
gests, should be divided by three for com-
parison with conventional counts made
by an observer facing in one direction.
As 1t stands, the second estimate corre-
sponds to 90,000 meteors an hour.

At the right is the spectrum of the bright Leonid meteor seen at far left (zero-order image). The most intense spectral fea-

tures are the H and K lines of ionized calcium. Dale A. Etheridge, of Mt. San Antonio College, exposed Royal-X Pan film

for 10 minutes in a Speed Graphic camera of 127-mm. focal length (1/4.7). The spectrum was produced by a grating of
14,440 lines per inch pia(cd in front of the camera's lens.
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teors diverging from it. But this view
was relatively unspectacular because of
the shorter apparent trajectories. The
meteors appearing nearly at the radiant
were little more than somewhat diffuse
points. I marked the radiant relative to
the stars, and later obtained the following
position with the aid of a star atlas hav-
ing 1925 coordinates: right ascension 10b
11m, declination +21°.7. From careful
observation, I concluded that about 90
percent of the meteors seen within 25
degrees of the radiant had paths which,
if prolonged backward, passed within one
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These Leonid fireballs
were recorded by James
W. Young at Table
Mountain Observatory
of the Jet Propulsion
Laboratory. The mete-
or at the left was about
visual magnitude -5,
while the one above
was near —6.

degree of the place marked on my chart.

“Soon after 12:20, I realized that the
rate of meteors had decreased consider-
ably and that counting was meaningful.
Between 12:30 and 12:40 there were 30
meteors a minute, and at 12:50 about 10
per minute. But now clouds were grow-
ing and dawn brightening, so I started for
home about 13:05."

TEXAS

On the morning of November 17th,
Jose Olivarez at Mission, Texas, observed
the Leonids from 7:25 UT until 12:00

The windblown train at
left was produced by a
Leonid of magnitude
—10. At right is the
wain of a —8 fireball,
and on the same film
a meteor of magnitude
—2; the bright star at
upper right is Gamma
Leonis. These pictures
also were obtained by
Mr. Young at Table
Mountain in California.
Compare these long-en-
during trains with the
ones of Leonids pictured
in Sky and Telescope,
February, 1966, pages
114 and 115.

in.a very clear sky. Their numbers
climbed steadily from eight in the first
hour untl by 11:15 they were pouring
down, too many to count. The meteor
storm appeared even more intense at
11:45.

Mr. Olivarez noted that Leonids as
bright as magnitude 0 to —3 left broad
trains 10 to 30 degrees long, with a seem-
ingly granular texture, Those of magni-
tude 41 or 42 had bright, narrow whit-
ish (rains, which for fainter meteors
seemed much thinner than the heads.

He saw at least 10 green fireballs near
the height of the display, three of which
cast shadows. All the fireballs exploded
with a white light, and their luminous
trains lasted up to three minutes.

Near the radiant, the greatly fore-
shortened meteor trails had a peculiar
appearance, resembling short Dbright
strings of beads. From visual inspection,
the position of the radiant was right as-
cension 102 06m, declination +4-21°.5. Mr.
Olivarez made a second determination
photographically, on a plate taken with a
camera of eight inches focus. By extend-
ing the trails of 24 meteors backward, he
found the point of divergence to be 10h
10m, 4-21°.5,




Photographs by Karl Simmons at Jacksonville, Florida, which

show how upper atmospheric winds distort and displace the
luminous long-enduring train of a meteor. The parent of

MSES-0 &

this train was a white-and-red Leonid fireball that appeared at 5:05 EST and lasted for about 0.3 second. With an £/1.5

Contax camera and Tri-X film, Mr. Simmons made these exposures (left to right): 4 seconds, beginning at 5:05:10; 10 sec-

onds at 5:05:44; 256 seconds at 5:06:39; and 25 seconds at 5:07:34. In the first frame, the star at the lower left corner is Iota
Hydrae; that on the last frame’s right edge is Tau? Hydrae. These stars have nearly the same declination.

As the shower reached its climax, the
radiant was very high in the southeastern
sky, and the meteors falling in all direc-
tions gave the impression of a gigantic
umbrella. The waterfalling effect seemed
most intense in the south-southwest before
maximum, and in the north-northwest
around the time of maximum.

OKLAHOMA

At Tulsa, Oklahoma, Louis Desjardins
counted a total of 1,914 meteors between
10:45 and 12:156 UT, when bright morn-
ing twilight halted his work. The rate of
Leonids was still mounting steadily until
dawn began to interfere. All meteors
left brief trains, he noted.

A second Oklahoma amateur who
watched the shower that morning was
Melvin E. Helms of Mill Creek. In ad-
dition to making counts, he determined
by inspection the coordinates of the radi-
ant as 108 05m, 4-19°.5.

FasTERN UNITED STATES

A large number of reports have been
received from observers east of the Mis-

“Stray lion” said Dave
McLean of the lone spo-
radic (nonshower) me-
teor that flashed out
between Denebola (low-
er left) and Delta Le-
onis (above center). The
other meteors radiate
from a center that lies
outside the right edge
of the picture, in the
Sickle of Leo. The Leo-
nid trails are all much
foreshortened because
they are less than 20
degrees from the radi-
ant of the shower.

sissippi River, These show that Leonid
activity on the morning of November
17th was heavy, but by no means as ex-
ceptional as seen from the western states.

For example, at Leechburg, Pennsyl-
vania, Robert A. Yajko logged 157 Le-
onids during the 70 minutes that ended
at 10:40 UT. At that time, twilight had
begun and the sun rose at 12:06. Thus,
the brief and very intense maximum seen
in Arizona took place after daybreak for
the Atlantic states,

This would lead us to expect the sight-
ing of some daytime fireballs. One was
seen by C. D. Naylor at Norristown,
Pennsylvania, at 11:37 UT, only 13 min-
utes before sunrise. It streaked down the
northwestern sky, greatest brilliancy oc-
curring midway along its 25-degree path.
It was unquestionably a Leonid, and
would have been an extremely brilliant
fireball in a dark sky.

At Morgantown, West Virginia, W. C.
Grady saw 286 Leonids in 4.6 hours, 171
of these between 10:00 and 11:00 UT. A
fireball as brilliant as a crescent moon
appeared in the twilight at 11:18, leaving

a train which he examined in a home-
made 7x 50 telescope. “I saw the train
dim rapidly and begin to form innumer-
able small clouds of various sizes and
shapes, which quickly scatiered and dissi-
pated. The train was 1} degrees wide
when first seen.”

Other evidence that the peak of the
1966 Leonids came during daytime in
the East is furnished by amateur radio
operators, who listened on a frequency
of 144 megahertz for the characteristic
reflections of radio signals from meteor
trails. Shelby Ennis (W4WNH/4), of
Elizabethtown, Kentucky, reports:

“First checks at 9:00 UT indicated it
would be a good shower, but not like
the previous year's. However, it began
to build up, reaching a peak about 12:00
UT. There were many more stations on
the band this year (alerted by the Leonid
observations of 1965), but the bursts were
somewhat different. Instead of the long,
overdense bursts, there were very many
short underdense pings, with a few bursts
scattered in. For us in Kentucky,
the 1966 Leonids will be rated much bet-
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The long-enduring train of a Leonid
fireball, captured in a 42-second expo-
sure by Dave McLean, is already
warped by upper-air winds. Another
bright meteor appears at top left.

ter as a ‘radio’ shower than as a ‘visual’
shower, due ar least in part to the very
sharp peak coming after dawn.”

Robert E. Fried, of the Atlapta As
tronomy Club in Georgia, observed Le-
onids while he was flying to Columbia,
South Carolina, and back on the morning
of the 17th. On the eastbound flight,
only three meteors were seén, but on the
ground at the Columbia airport 84 were
recorded between 8:00 UT and 9:00 UT.
On the return flight, Mr. Fried watched
through the port cockpit window and his
copilot through the starboard one. Dur-
ing the hour beginning 9:35 UT, they
saw a total of 351 Leonids, which Mr.
Fried believes to be the equivalent of a
count by a single observer with an un-
obstructed view.

At Tallahassee, Florida, Reynold .
Welch counted 1,128 Leonids and $3
sporadic meteors between 7:20 and 11:2¢
UT. He describes the typical Leonid as
swift and blue white, leaving a brief train,
Most were magnitudes 0 to +2,

Mr. Welch observed alone, and used a
portable typewriter as an aid (o counting,
Three keys were marked with tape, L
for Leonid, § for sporadic, and the period
key, the number of strokes with the last
indicating the meteor's brightness by a
simple code. This method allows the ob.
server to keep his eyes constantly on the
sky, yet count and classify with a mini-
mun of distraction.

MSS - o84

On the negative of this picture by Alvin Post, one of the Kitt Peak team,

22 Leonids were recorded. He used

So many reports of the great 1966
Leonid shower have heen received by Sxy
AND TELEscork that only a fraction have
been cited here. The others are of great
value in filling in the picture of a historic
meteoric event, comparable to that of
1833. The many systematic counts of
Leonids reported by readers will be ana-
lyzed and reported in a later issue.

Listed below are the names of persons
who up to November 30th had supplied
Leonid reports not specifically mentioned
in the article. Some of these represent the
work of a group. An asterisk indicates
photographs were submitted.

J. Aldrich, Arlington, Mass.; P. Bell, Lub.
bock, Tex.; W. Bell, College Heights, Ark.;
R. Boineau,* Columbia, S. Q. J. Bortle,
Mount Vernon, N. Y, . Bridges, Inman,
5. C.; R. Buecher, Warwick, R, I.; W. Bures,
Omaha, Neb.; R. Cole, Williamsport, Ind.

C. Davis, Clyde, Tex.; B. Doucet, Portland,
Ore; J. Drummond, Charlottesville, Va.; F.
Esplin, Cedar City, Utah; G. Fleming, Green-
belt, Md.; A. Foreman, Fort Worth, Tex,;
G. Fortmayer, Denton, Tex.; P. Gill, London,
England; D. Glackin, St Petersburg Beach,
Fla.; J. Goehring, Sonoma, Calif.; D. Gordon,
Dallas, Tex.; E. Guilbert, Pensacola, Flor-

an £/4.5 camera and Tri-X film.

ida; Milford Gutridge, Alexandria, Ohio.

R. Hamann, University Park, Pa.; A.
Health, Long Eaton, England; Mrs. V, Hefler-
an, Albuquerque, N. M.; W. Houston, Had-
dam, Conn.; W. Hyde, Dewdney, B. C; G.
Johnson, Idalou, Tex.: B. Knapp, Roanoke,
Va; T. Komorowski, Charlotte, N. (. E.
Kurczewski, Eglin AFB, Fla.: J. Lambert,*
Woodstock, Md.; F. Larsen, Los Angeles,
Calif; R. Lehman, Harrisonburg, Va.; R.
Leverone, Fairfield, 111

D. Male, Manchester, Tenn.: T. Mallama,
Solon, Ohio; G. Mann, TFallbrook, Calif;
F. Mardus, Guadalajara, Mexico; N. McKin-
non, Panama City, Fla; J. Millard, Cocoa,
Fla; C. Miller,* Huntington, W. Va. I
Mishler, Portland, Ore.; R. Modica, Tucson,
Ariz; A. Moore, Apollo, Pa; P. Moore,
Armagh, Northern Ireland.

R. Ogleshy, Roanoke, Va: T. Quigley,
Green Bay, Wis; C. Reynolds, Annapolis,
Md.; J. Roberts, Wichita, Kan.: D. Rose-
brugh, St. Augustine, Fla; G. Ross, Oak
Park, Mich.; C. Rost, Santurce, Puerto Rico;
G. Sanderson, Quiriquire, Venezuela: D. Scott,
Panama City, Fla.; M. Seslar, Rockledge, Fla,;
J. Shelion, Hollins, Va.; D. Swann, College
Station, Tex.; R. Sweetsir, Jacksonville, Fla.;
J. Willis, Chandler, Ariz.: R, Windell, San
Angelo, Tex.; R. Warley, Shrevepori, La.

A bright Leonid flashing past Sirins’ overexposed image. This was far from

the radiant, so the meteor trails appear nearly parallel. McLean photograph.
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TABLE 1

OSCULATING ORBITAL BLEMENTS OF « MONOCEROTIDS AT THE EPOCH OF THE METEOR

Time RAPY Decl® Vo H, H, my MJC,S 1/a q
Imaging* (1995 Nov 22) (deg) (deg) (kms™!) (km) (km) (mag) (gem™?) (AU™Y (AU) it w® o°
Annual
PH . 3:57:41 117.53 £ 0.05 +1.18 4005 63.6+04 97.5 84.1 —039 0.48 +0.013 + 0.042 0.485 138.18 91.25 59.4252
Qutburst )
AE a4 PH ... 1:41: 117.13+ 002 40994003 643105 1108 81.3 —-14 0.10 —0.036 £ 0.036 0.496 134.12 89.26 59.3295
SAETE= s A S 1:33: 117.87 £ 0.13 +1824+015 651 +06 97.1 85.2 —04 ~005 —0.062 £ 0.062 0.506 136.83 87.73 59.3242
s 1137 117.12 £ 0.13 +1.02+015 644410 97.0 850 +02 0.05 —0.040 + 0.099 0.499 13433 88.91 59.3271
AN TV coeeee 1:41: 11809 £+ 017 40384025 641+06 1169 992 +0 +0015 + 0.053 0.518 134.02 87.42 59.3299
' 1:45: 117.21 £ 0.11 +1.10+028 643405 1013 896 +1 —0.028 +0.048 0.495 134.48 89.48 59.3327
1:29: 117.19 £ 0.15 +1.15+027 643+03 103.1 957 +1 —0.028 +0.029 0.495 13448 §9.48 59.3213
}:28: 116.94 + 0.17 +1384025 639+05 1236 948 +2 +0.002 + 0.045 0.481 13431 91.52 59.3182
Y g 117.10 £ 020 +126+022 644103 1124 891 +2 —0.042 £ 0.030 0.493 134.63 89.49 59.326%
T:21 117.24 £ 013 +094+027 63.1+06 1140 889 +3 +0.077 £ 0.055 0.480 13338 9271 59.3156
155, S— 1:31: 116.89 j: 0.12 +1304£028 635407 57.0 +5 +0.037 1 0.059 0.474 133.80 92.81 59.3224
Parent — I8
117.10 £ 0.13 +083+016 640102 0002 £0.019 0488 +0.005 134131034 90.66 + 0.78  59.3220 + 0.4
* PH = photographic, TY = television.
* Equinox J2000.
é 5 inclination (i) semi-major axis (1/a) perihelion distance (q) argument of perihelion (w )
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1999.10.17 WEHEE I T —
1999 F oy at —#HhfERet
AR

 mEEL D, FAEARD 8/9 BT RHBIC B Sy WA TEEA A OEA, 98 20/
(STEIZ HR=30 BENEFEHB L LELI, FAEHEA A R OEREHBOI T —Fid PRy \DTT DS,

feE MBI R ORAR SRS, ItEEORERE @RED. FREE(TV).O&KICI>THLZ |

LhvELT, BEE THD 21P/Giacobini-Zinner 2 SRR A BB L T35 316 B ., A TR
OH 12 B 13 43 (1P %5 Ls=195.3999) 0 BN 5 L 8RR e DB TLTZ, .

. O~ 12 ph ~
* B (10/17 BT 9 BEBEE TORE) B e
DATE JST TIME aM Spo. GIA Lm CL Dir Obs. Meth . — 3R
Oct. /1999
01/02 20:30-22:00 90 38 36 158.0 Z &HEFfgh V
. 02/03 20:00-21:15"75 30 28 157 1 Z &@EMIL V
“ 03/04 19:00-20:00 60 24 22 258 2 7 RMEMmSL V
04/05 18:30-19:30 60 .26 24 257 1 7 EHEMmL V
04/05 19:50-21:00 70 29 24 358 2 Z &MEML V
06/07 19:30-20:30 60 - - 1 - - - RRE— V
08/09 19:00-19:50 50 3 3. 050 1 Lyr @%E#HZ V
©08/09 19:00-20:00 60 10 - 055 0 Z FRAEWE V
08/09 19:15-20:00 45 12 9- 35.0 3 Cyg lROMER V
08/09 19:55-21:00 65 5 3 2351 1 - &RH v
08/09 20:00-21:00 60 5 5 050 0Cyg ME@®Z V
08/09 20:00-21:00 60 6 ~— 155 0 2 #HFAMEs V
08/09 20:20-20:40 20 8 6 240 2Dra FOFE V
08/09 20:30-21:23 53 37 30 655 2 Z RHEML V
08/09 20:30-21:05 35 ' 7 4 35.0 3 Cyg BRAWR V
08/09 20:59-21:49 50 14 B8 6 7.6 — — EFEEH ~ TV(50mm, F=1.4)
08/09 21:00-22:00 60 6 ~— 155 0 Z AW V
08/09 21:00-21:10 10 3 1 14.0 2Dra BARFESLF V
' 08/09 21:00-22:00 60 2 O 240 0 - FTHEK V
08/09 21:10-22:00 50 1 1 0 5.1 4 Lac il V
08/09 21:20-22:00 40 15 13 26.5 O Dra {EiLA0iE V
08/09 21:20-22:30 70 5 4 1 5.2 1 Peg BEREESE V
08/09 21:20-22:00 40 8 7 152 3Cyg BROMSE V
08/09 21:45-23:00 75 44 33 858 2 Z @AM V
08/09 21:45-22:30 45 4 2 051 2 - {FHEKE V
08/09 21:50-22:00 10 3 3 045 2Cep POFEET V
08/09 21:55-22:30 35 6 6 06.8 - - EFEEHE  TV(50mm, F=1.4)
08/09 22:00-23:00 60 34 31 36.6 0 Z f{ELFaE V
08/09 22:00-23:00 60 2 0 24.0 3 - THEEHB V
08/09 22:00-23:00 60 - - 5 - - - THigE® V
08/09 22:10-23:10 60 - - 0 - - - REE— V
08/09 22:30-23:15 45 6 2 152 0 - (F@#EK#E V-
08/09 22:35-23:30 55 6 6  0-4.9 0 Cep IHJREL V
08/09 22:50-23:20 30 7 5 252 3 Cyg fROigxE Vv
08/09 23:00-23:30 30 - - 04.0 3 - FHAFEST V
08/09 23:00-00:00 60 39 27 457 1 7 REML V
08/09 23:00-00:00 60 38 36 26.7 0 Z @EiIFuE V
08/09 23:00-00:00 60 3 3 03.7 4 - THEEK V
08/09 23:30-00:30 60 11 6 255 1 Cep fEREX v
08/09 00:00-01:00 60 35 35 06.7 0 Z fELFE V
08/09 00-06-01:00 60 O O €3.8 4 - THEEHEK V
08/09 01:00-02:00 60 12 - 1 6.0 0 Z #RAEE V
08/09 01:00-02:00 60 0 0 03.8 4 - THEEEEK V
08/09 02:00-03:00 60 2 2 03.9 3 FREmE v
08/09 03:00-04:00 60 2 2 040 0 - THEEL V
08/09 03:00-04:00 60 9 - 06.0 0 Z #FHFAWE V
08/09 03:20-03:30 10 4 5 050 2Cep BIOELE V
08/09 04:00-05:00 60 1 1 040 0 - FTHEEE V
09/10 18:25-19:10 45 13 10 355 0 72 HPE— V
09/10 18:45-19:15 30 4 1 34.6 3 - (AEEREHE V
09/10 19:00-20:00 60 30 - 28 5.7 0 Z #RAKWE V
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fEnEY I —

1999.10.17
09/10 19:20-20:20 60 - - 4 9 - FABR—BEV
09/10 19:20-20:20 60 - 5 - 9 - {eEEEER OV
09/10 19:20-20:20 60 — 6 - 9 - EHFF Vv
09/10 19:55-21:58 123 3 252 0.Dra REEE  TV(28mm)
09/10 20:00-20:50 50 23 05 1855 0 Z WEEE V
09/10 20:00-21:00 60 41 14 27 7.8 0 - BfSiilig TV (50mm, F=1.4) -
09/10 20:00-21:00 60 28 - 2357 0 Z FRAE]  V
09/10 20:20-21:00 40 23 20 36.6 0Dra ETfniE V
09/10 20:20-21:20 60 - 2 - 9 - FAREEBEV
09/10 20:20-21:20 60 - - 2 - 9 - f{EpEEEk V
©09/10°20:20-21:20- 60 - - - 2 -9 - HE T v
09/10 21:00-21:57 57 19 15 4 7.2 0 - EFSHEHAE TV (50mm, F=1. 4)
09/10 21:00-22:00 60 22 - 1058 0 Z FAkaks V
1 09/10 21:00-22:00 60 39 36 - 3.6.7 O Dra {E{LfIfH V
09/10 21:00-22:00 60 13 07 655 0 Z BELEE V
. .09/10 21:00-22:00 60 15 12 3 5.6 0 Cyg PEilFEt V
09/10 21:20-22:20 60 - 2 -9 - FAGR—BEV
09/10 21:20-22:20 60 - - 2 - 9 - f{cikEak V
© 09/10 21:20-22:20 60 - - 1 - 9 - @EH¥F v
09/10 22:00-23:00 60 9 - 36.1 0 Z #HAaE V
©09/10 22:00-23:00 60 33 32 167 0 Z fELfniE V
©09/10 22:00-23:00 60 10 10 . 035.6 O And PEREEH V
09/10 22:05-23:12 59 8 5 355 0Cyg ATEER V 2
09/10 23:00-00:00 60 41 41 06.8 0 Z {EII#ffE Vv
09/10 23:40-01:00 80 47 43 16.6 0 - EHABZE V
09/10 00:00-01:00 60 48 48 06.8 0 Z (&L V
09/10 01:00-02:00 60 37 35 06.6 0 - EHEZ V
09/10 01:00-02:00 60 21 - 06.1 0 Z ZRAIME V
09/10 02:00-03:00 60 10 - 06.1 0 Z FAIMS V
09/10 03:00-04:00 60 21 - 06.1 0 Z #HAWE V
10/11 18:30-19:30 60 9 5 451 0 Dra HAEE V
10/11 19:00-19:30 30 1 - 052 1 Z A= V
10/11 19:30-20:15 45 7. 5 253 0 Dra @A&EE V
10/11.21:00-22:30 90 48 39 26.0 0 Z FEMmIL V
10/11 21:40-22:20 40 5 -5 056 0 Cas ZMFDRE V
10/11 22:00-22:30 30 7 - 155 1 Z #FAkeaE V.
11/12 18:30-20:00 ‘90 39 34 46.0 0 Z RMEFHEL V
11/12 19:15-20:15 60 7 5 2 4.6 0 Dra BAERE V
11/12 23:00-00:00 60 39 28 06.0 0 Z R&EFSL V
“13/14 18:30-20:00 90 - 33 - 29 355 | Z &E@EMEL V
13/14 03:00-04:00 60 43 29 -5.8 0 Z &KMEFEL V
*EEHT
-1 01 23456 7]|All]|Ave | Ln |
©GIA - 2 2 4 8 2 18 | 3.33 | 5.5-5.8 l EEW%(OS/OQ)
~ Spor. 1 03 51446 21 90 | 3.80 | 5.5-5.8
GIA R | 31333 ] 4050 -Eﬁn%ﬁ(os/og)
Spor. 2 8.5 14 | 3.42 | 4.0-5.0 | V
GIA 1 0 0 410 7 3 94 | 2.4 | 5.2-5.5 | WEEKFE09/10)
Spor. 1140 5 § O 12 | 2.0 | 5.2-55 |V
GIA 2 .0.212 8 3| 27052 | 7.2-.8 | HFHEH09/10)
Spor. 02116 41 “14 1] 5s T8
K EH R
No. D{UT)  CONST R.ﬁ BEC N d Wt Vel Mag HR {ﬁ% T
1. 1999/10/04.45 vy Dra 264 +52 5 3 1 rS-M 3.6 z.3 EmfsL v
9. 1999/10/08.49 vDra 265  +56 6 3 1 SrS 3.6 2.4 ROME V
3 1999/10/09.50 vDra 268 +56 - - - - - - EPBAEREE TV
4 1999/10/10.43 vDra 265 +55 6 2 2 vS-M 3.2 3.4 HBAER V
5 1999/10/11.43 vDra 268 +54 4 3 1 rSM 4.3 2.7 RHEMILV
6 1999/10/13.43 yDra 270 +55 3 2 P rSrR4.3 2.0 HEFELV
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Giacobinids 2000

Giacobinid shower 2000.

< Observation Period >
October 4/5 — 7/8

< Data >
DATE IST uT TIME aM Spo

Rooe . 015 MSS

GIA Other Lm CL Dir Obs. Meth.

Oct. /2000 .
04/05 21:00-22:00 12:00-13:00 60 25 25
04/05 22:00-23:00 13:00-14:00 60 30 30
04/05 23:00-23:30 14:00-14:30 30 15 15
06/07 23:00-23:35 14:00-14:35 35 4
07/08 18:30-19:10 09:30-10:10 40 0O
07/08 18:20-19:30 09:20-10:30 70 &
07/08 18:46-19:46 09:46-10:46 45 10
07/08 20:10-21:00 11:10-12:00 50 24
07/08 20:11-20:42 11:11-11:42 30 8
07/08 20:20-20:50 11:20-11:50 30
07/08 20:30-21:15 11:30-12:15 45
07/08 20:30-21:15 11:30-21:15 45
07/08 21:00-22:00 12:00-13:00 60
07/08 21:00-22:15 12:00-13:15 75
07/08 21:06-22:056 12:056-13:05 60
07/08 21:20-21:50 12:20-12:50 30
07/08 21:30-22:00 12:30-13:00 30
07/08 21:50-22:50 12:50-13:50 60
07/08 22:00-23:00 13:00-14:00 60
07/08 22:00-23:00 13:00-14:00 60
07/08 22:50-23:50 13:50-14:50 60
07/08 23:00-00:00 14:00-15:00 60
07/08 23:00-00:00 14:00-15:00 60
07/08 00:00-01:00 15:00-16:00 60
07/08 00:00-00:50 15:00-15:50 50
07/08 00:00-01:00 15:00-16:00 60
07/08 01:00-02:20 16:00-17:20 80
07/08 01:00-02:20 16:00-17:20 80
07/08 01:20-01:50 16:20-16:50 30
09/10 20:23-21:28 11:23-12:28 56
09/10 20:55-21:30 11:55-12:30 35
09/10 21:30-22:42 12:30-13:42 65
10/11 19:00-19:30 10:00-10:30 30
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% : Stopped observation interval caused by cloud

Time : Observed time interval
Total : Total number of meteors
Spor. : Number of Sporadic meteors
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SUMKA V(C)
SUMRA V(C)
SUMKA V(C)
SUMEA V(C)
MATYU V(C)
Lyr HASTA V(C)
Cyg UCHSH V(C) #*
Dra 0SAKA V(C)
Cep UCHSH V(C) *

7 TERKA V(C)
Dra OGAHI V(C)
Dra MIYMA V(C)

N USUKE V(C)
Dra OSAKA V(C)
Cas UCHSH V(C)

7 SATMI V(C)
Cep MURMI V(C)
Cep YOSKA V(C)
Cep MURMI V(C)

N USUKE V(C)
Cep YOSKA V(C)
Cep MURMI V(C)

N USUKE V(C)
Ori MURMI V(C)

N USUKE V(C)

7 YOSKA V(P)
Ori MURMI V(C)

7 YOSKA V(P)

N YAMMA V(O

7 NOSKU TV(C) 5

7 SUMKA V(O

Z NOSKU TV(C) 5
Lyr HASTA V(O)

o
‘ﬁ [aS Rt lon]

OOMGHOOOQDOH!—‘DDOOPHNOOG!—‘WHWOMWGC’O

GIA

Lm
CL
Dir
Meth

Giacobinids 2000

: Giacobinid meteor shower
Other :

Other shower (STA, NTA, ORI and so on)

! Limiting magnitude of field stars

. Cloud cover

: (Ohservation direction(Z:Zenith)

. QObservation method(C=Counting, P=Ploting)

Magnitude distributions

Usm(?/s)
| |123456|All|Ave|Lm |
jyDra | 1 3 4 3 | 11i2.8!5‘0—5.3|
|Spor. | 2 5 13 15 2 | 37 ] 3.3 5.0-53]
< Observation site > ’
0GAHI : Hiroshi Ogawa Sakura, Tsukuba, Ibaraki, Japan.
0SAKA : Kazuhiro Osada Oyama, Shizuoka, Japan.
HASTA : Takema Hashimoto Shimoyugi, Hachioji, Tokyo, Japan.
MATYU : Yukihisa Matsumoto Fujihashi, Ibi, Gifu, Japan.
MIYMA : Masako Mivazaki Sakura, Tsukuba, Ibaraki, Japan.
MURMI : Minoru Muraki Asoh, Ibaraki, Japan.
NOSKU : Kunio Nose Shibetu, Hokkaido, Japan
SATMI : Mikiya Sato Ito, Shizuoka, Japan.
SUMKA : Kazuhiro Sumie Chigusa, Hyogo, Japan

Kobe, Hyogo, Japan.
TERKA : Kazumi Terakubo Ito, Shizuoka, Japan.
UCHSH : Shigeo Uchida Ageo, Kamitsuka, Tochigi, Japan.

Awano, Kamitsuka, Tochigi, Japan.
USUKE : Kenichi Usuki Niizuru, ohnuma, Fukushima, Japan.
YAMMA : Masayuki Yamamoto Tohoku Univ, Iwate, Japan
YOSKA : Katsuhiro Yoshizaki Asoh, Ibaraki, Japan.

These data presented by NHS-Mailing [ist

thashi@din.orjp{Hashimote Takema)
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Activity of the Geminids Meteor Shower past 2 9 vears

3&1‘%29FEF’m‘ﬂd)«S:?‘:i)éTé?ﬁEﬁﬁfﬁ@??‘?@J

5= FHE

({ Kiyvoshdi Il zumi)

Abstract

The activity of the Geminids for the recent 2 9 years has been investigated from the visual observations carried out by the author myself , in order to clarify
the long-term variation of the Geminids .
NO significant variability has been recognized in the activity of the Geminids arorund the maximum ( solar lognitude of 262 ) .
However the average magnitude of the Geminids is more bright during the 29 years . The population index ( v ) is decreasing year by year .
The observational DATA reported Nippon Meteor society ( NMS ) also has been surveyed in order to investgated the activity of Geminids before 1 970 year.
The patterns of the solar lognitude variations of the activity in each year do not show significant diffrence for the last 4 2 years .

However , meteor rate at the maximum of activity has increased since 1960s.

Introduction
Geminids Meteor Shower is very active around 13/14 December every year . However , some precedent studies showed the possibility that the Geminids activity
will vanish in the next century because of the planetary perturbation .
If it is really in the case , decrease of the activity of the Geminids should be observed in recent years . The auther has been observing Geminids since 1971.
The DATA of the visual observation of the Geminids for the last 2 9 years carried by myself have been analyzed in this study .
Furthermore the visual observational DATA collected by Nippon Meteor society have also been used for the analysis in order to investgate before 1 970 .

Method and analysis of observation

All the observations are either visual count observation or visual plot observations . The major part of observations were excuted by visual counting . Because the
meteor rate of Geminids is large . The HR , CHR and ZHR are calculated from the observation DATA . The population index ( ¥ ) in calculating CHR is chosen
tobel . 6.
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Result

The meteor rate of the Geminids showed a solar lognitude variation of a high rate before the maximum and a sudden
decrease after the maximum ,

This varation pattern has not change for 4 2 years.

The ZHR at the maximum was asbout 3 (-100, and has not changed signifcantly since | 971,
However, it showed an increating trend after 1} 6 0 s, acording to observations from | § 27,

The solar lognitude of the maximum is found to be around 2 §2°  and has not varied for 4 2 years.

The average magnitude of sporazic meteors has been invariant for the last 2 § years.

However the average magnitude of the Geminids meteors shows a trend of increasing brightness during same period .
The population index { 7 ) is increasing brightness too

Abo -55hl



Activity of the Geminids
{1971-1999 by personal data)
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Average Magnitude Geminids(sun:261.6-262.5)

(@%]

P

Mo o
T T
.

Average Magnitude
o
T

1 L
05 -
O 1 L 1 | |
1970 1975 1980 1985 1990 1995 2000
Year
X sR 3R ERERTE By, BERT g B (hau3
Average Magnitude Sporadics(Sun:261.2-262.7)
3.5 |
3t . '
25 | //
UJ *
%o .
g
g 1.5
=
1 L,
05 | *
0 | 1 I | I _.__I
1970 1975 1980 1985 1980 1995 2000
Year




MSS-096

Population index of Geminids(sun:261.6-262.5)
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A long-term high-resolution study of the visual activity curve of the
Perseid meteor stream 1953-1983

AL Li d*
B.A. Lindbla ﬁz)ﬁ\&g
Lund Observatory, P.O. Box 43, §-22100 Lund, Sweden 1o

cwf. 2. /3 MSS

Received | October 1999; accepted 10 November 1999

Abstract

Perseid and sporadic meteor hourly rates and magnitudes observed in 1953-1983 by a team of visual observers at the Onsala
Space Observatory, Sweden, are anmalysed. A high-resolution study of the zenithal hourly rates of bright Perseid meteors (m <_
2.5) versus solar longitude has been made using a step length of 0.05° in solar longitude. The present study, which is based on
147 Perseid hourly rates, observed between solar longitudes 138.70°-141.65" (equinox 2000) covers the period of maximum Per-
seid activity. Somewhat surprisingly it reveals a multi-peak structure of the Perseid maximum with at least four separate peaks in
the activity curve of bright Perseids.The first peak located at 139.38° corresponds to the crossing of the nodal plane of the par-
ent comet, the second at 139.68° is the so-called “new” Perseid maximum, the third peak at 140.20° is the “old” or “traditional”
maximum of the shower, while the fourth peak although less intense than the previous three peaks indicates a well-defined activ-
ity maximum centred on 140.78°, It is interesting to note t}mt;r’fc'ﬁ' bright Perseids, the nodal maximum is of the same intensity
as the “new” and “old” maxima, but is of a somewhat shorter duration than these two maxima. A similar study of the activ-
ity curve of all observed Perseid meteors (i.e. independent of apparent magnitude) shows the same multi-peak structure, but with
slightly less prg%'lrgo}*mced peaks. In a previous study of the Perseid activity curve based on 605 photographic Perseid orbits obtained
in various two-station programs 1937-1985 the multi-peak structure can be recognised in a number versus solar longitude diagram
(Lindblad and Porubcan, 1994. Planet Space Sci. 42, 117-122.), The various peaks in the photographic data are located at the same
solar longitudes as in the visual data. This agreement between the results of the present long-term visual study and a long-term
photographic study of the Perseid activity curve strongly supports our conclusions as to the multi-peak structure of the Perseid
shower. © 2000 Elsevier Science Ltd. All rights reserved,

B.A. Lindblad! Planetary and Space Science 48 (2000) 905-909

908
Table 1 ) )
Solar longitude of Perseid meteor stream main maxima 19531983 —
hic (Longit
Peak no. ’ Designation {Bright visual meteors) ZHR Comments Photographic (Long!
name
Longitude 1950 Longitude 2000
.6 139.38
138.68 139.38 28
; Trggfvl" 138.98 139.68 23.8 Broad peakam 139.67
3 Traditional 139.34 140.04 29.7 Double peak? -
139.50 140.20 2?(; o
4 Post maximum 140.08 140.78 27. S
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MSS - 98

73P/Schwassmann-Wachmann 3 EERERER 2001 £8BIEET
BAER

73P/Schwassmann-Wachmann 3 EEBEEEO 2001 EFHAIFEEFTT, 2. 22 TRY EITS
73P/Schwassmann-Wachmann 3 EE B ERH I EEHE)OTFRISNAHBREOIEATEL | ITEHBR I K
BEINTWAILDW a BEEIEREBIFAZEIZLET,

WAEE R

EHYM 515 H~6 A5 H

PIEHELE . LT, FHER SMLBICESWHTHIE

#1 73P/Schwassmann-Wachmann 3 %52 BEHL 2 B T8RS SALEMPC RO 2001 FEOHLIE A )
BfH | 5/11 | 5/16 | 5/21 | 5/26 | 5/31 | 6/6 | 6/11 | 6/16 | EEFLFZEEIERD RVO. EXE
Ls 50 55 60 65 70 75 80 85 | LD a7 P¥ARPAVRE
o 208 | 209 209 210 209 | 207 205 202 | #fEM L TIERK

0 +19 +22 +24 +27 +29 +32 +34 +36
—R | -0.070 | -0.051 | -0.042 | -0.046 | -0.056 | —0.069 | -0.081 | -0.092

& : L‘E{?L\ Buwe 3__;“ =) T‘IJ T)%J tZa
AR
DATE JST TIME aM Spo. SW3 other Lm CL Dir Obs. Meth.
May/2001
17/18 22:45-00:15 90 10 8 0 2 5.8 0 7 f{emEZFEM VvV
17/18 23:00-00:00 60 5 5 0 0 5.0 0 Boo fBAFHE V
17/18 23:35-00:35 60 11 10 0 1 4.8 0 Z HBHEFEV
17/18 23:35-00:35 60 12 12 0 0 5.3 2 7 4TEMmes v
18/19 22:50-23:50 60 5 5 0 0 55 0 Z f{EHEFH v
18/19 23:30-00:30 60 6 5 1 0 5.0 0 Boo ARE V
18/19 23:30-01:00 90 14 13 0 1 5.2 0 Z FbKRE Vv
18/19 23:50-00:30 40 3 2 0 0 55 0 Z {ciEZER vV
20/21 22:00-23:00 60 5 4 0 1 4.7 0 Boo fBAERE V
21/22 22:00-23:00 60 6 4 0 2 4.5 0 Boo BAARFEE V
28/29 22:00-23:00 60 2 2 0 0 54 0 Z RERFEV
27/28 22:40-23:45 60 12 11 1 0 6.2 1 Boo RN V
98/20 23:00-23:40 40 3 3 0 0 52 0 Z WRELFEV
98/29 00:45-01:45 60 11 11 0 0 6.2 0 Boo {EfEZP V
98/29 01:55-02:35 40 14 13 0 1 6.2 0 Boo {EREZENL V
29/30 22:45-23:20 35 3 3 0 0 4.3 0 Boo BAEKE V
31/01 23:45-00:2035 4 4 0 0 5.2 0CrB fBAEE V
31/01 02:15-03:1560 8 8 0 0 55 0CrB fEREmE V
June/2001
01/02 02:25-03:25 60 9 9 0 O 5.4 0Her BAFE YV
02/03 20:15-21:1560 5 5 0 0 5.0 0 Boo fBAFEE V
02/03 21:15-22:15 60 6 5 0 1 5.0 0 Boo fGANEHE V
02/03 01:00-02:00 60 6 6 0 0 52 0Her BASE V
BEAER : B\ EFii THA 139422’ , +35d38’

s WG IR R BRAE 2T S L 136d07’ , +34d51° 31/01, 01/02, 02/03
FAE  TFEESFT BEriELBIVWAR 140d52’ ,+35d42’ 30”
R B B R AT L ST AT A 140d55° ,+37d57

s B IRN FEER R AT 140d29’ , +38d07’ 27/28
EiTFniE . RERSERTET < /R 134d24° , +35d13’

. ST RN AR RARHT 135402’ , +34d52’ 18/19, 19/20
MRS BGUEROR X P /SR 139d42’ 16”7 , +35d32’ 30"
HER S . RAR K H PR IS 139d42’ 16”7 , +35d32° 30”

IBEIRZE : dbiEgE/ M 2 EA 140d57’ , +43d13
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:****************:

: MM S C 3§ No. 752 *

o3 e A A A A Aok Ak ok
DATE JST TIME aM Spo. (S)Psc BAur Lm CL Dir Obs. Meth.
Sep. /2001
22/23 23:20-00:20 60 7 7 0 0 55 0Peg BHREE V(A)
22/93 00:20-01:20 60 7 7 0 0 5.6 0And BREHE V(A
22/23 01:20-02:20 60 6 6 0 0 56 0And BEEE V(A)
23/24 23:20-00:20 60 10 10 0 0 5.7 0Peg BXREE V(A
23/24 00:20-01:20 60 11 11 1 1 5.8 0And BAREE V(A)
23/24 01:20-02:20 60 15 15 0 2 58 0Per BRAEE V(A)
*EE 5T A 1EER
No. YMD(UT) CONST R.A DEC N d Wt Vel Mag HR Obs. Meth

1. 2001/09/22.66 £Per 058 +37 4 5 P rRR 2.8 1.3 EXEHE V
2. 2001/09/23. 66 £Per 062 +37 5 6 P M-vR 2.8 1.7 BEXEE VYV

< £
P$&E VLB BEXATERNESR (HAXEAXAEAIRT) 138d58" 117,

REBRXIEfHEE FIIOBHEDEF—FRIZER L‘Z bhirh o=,
EORERFIOAELTREHFHTLELEIM - -

BlEE cPer BRELEDWABLEBSNESLE L,?“ﬁ‘ —HEB X UEHmEL
FRLCEFRAPRDICKVWRET LR,

RHEOBMr BTIA, TheEEHhIFHER0,3, 25 L HBMBALIVEOMNE
bhFELE, LHL, FHEVDASEFREESVELTY., 45 1 BiMh
ERD2E=DOTYEH, BRYDEBEHEDCLEBADECABECHDBERTLED

)&\D
WIhIZE L, FAOREEFLEFL LS. TH. SEBBERBOTE2LiCL
WOTL & 54,

NMSHIl 0704 o ko el Dol e e e
:****************:

: MM S C E#§ No. 763 I
L8 e 8888008000866 &

Y ERRIERE
B Sep— N-

DATE JST TIME aM Spo Aur Per Psc Lm CL Dir Obs. Meth.
Sep/2001
22/23 00:00-01:00 60 11 7 0 3 1 6.1 0 Z EHZESEVQ)
22/23 02:20-03:05 45 11 9 1 1 0 6.1 0 Z BHEZVAN

< FRAHh > iy A
ﬁ#ﬁﬁu HREESZAEHA E139d11' 46 ,N36d28' 33" , H529m
* AT RS
No. YMD (UT) CONST STR R.ADEC N d Wt Vel Mag HR Obs. Meth
1. 2001/09/22.68 v Per Sep-Per 53 39 4 3 P rR-R 3.8 2.3 EHEE V
2. 2001/09/22.69 wAur - 98 30 6 3 PrR-VR3.23.4BHE=E V

OAF:9ADPe rBEO—MEBOLhDILDE, XHDAUTr /GemBRD
BOBHAMAHELE, Aur OBREEICE. BRESEWD (50%) FHT
T, BAurBIEBHBREEMITILLZIONFEFFATL.

+35d37" 39"

e T
i ! b
o Sept. B D‘ s F"'?,S
DATE JST TIME aM Spo. Aur Psc Per Aur Lm CL Dir 7 o4 29
2001 Sept. Zp oy 2%
1/ 2 21:15-22:30 75 10 10 — 0 0 — 52 1 1
5/ 6 22:00-23:00 60 9 8 — 0 i — 50 1 Z
23:00- 0:00 60 10 8 O 0 2 — 50 1 2
8/ 9 22:00-23:00 60 15 14 — 0 1 — 55 2 Z
23:00- 0:00 60 16 14 — 1 1 — 55 2 Z
9/10 19:30-20:45 75 15 15 — 0 — — 55 2 7
11/12 22:00-23:00 60 23 19 — 0 1 =U5LRl 7
23:00- 0:00 60 22 17 — 0 2 — 56 0 Z
12/13  2:00- 3:00 60 31 25 — 1 3 — 57 112
3:00- 4:00 60 33 26 — O 3 — g 7
15/16  2:00- 3:00 60 34 29 — 1 2 0 58 0 Z
3:00- 4:00 60 37 29 — 1 4 0 5.8 0 Z
17/18 19:00-20:00 60 23 23 — 0 — — 57 0 Z
20:00-21:00 60 24 24 — 0 — — 58 0 Z
18/19  2:00- 3:00 60 34 29 — 0 4 1 6.8 0 Z
3:00- 4:00 60 36 31 — 0 4 i1 5.8 0 Z
19/20 19:00-20:00 60 26 25 — 1 — — 60 1 7
20:00-21:00 60 26 25 — IR T
21:00-22:00 60 27 27 — 0 — — 58 92 7
22/23 1:00- 2:00 60 45 33 — 0 3 5 6.3 0 Z
2:00- 3:00 60 44 34 — 0 2 5 6.3 0 Z
3:00- 4:00 60 47 37 — 0 3 4 6.3 0 Z
23/24 1:00- 2:00 60 39 32 — 1 2 2 620 7
2:00- 3:00 60 42 35 — 0 1 4 6.3 0 2Z
3:00- 4:00 60 48 36 — 1 4 3 6.3 0 Z
24/25 1:00- 2:00 60 39 31 — 0 3 1 6:0. 0 Z
2:00- 3:00 60 44 38 — 0 2 2 6.3 0 Z
3:00- 4:00 60 47 38 — 1 3 2 6.3 0 Z
*ERH RERR
No. YMD (UT) CONST R.A DEC N d Wt Vel Mag HR {g&
12001 9 11.58 & Tri 31 +32 6 5 1 MR 40 3.0
2 2001 9 11.58 B Per 46 +43 3 3 P rRR 4.0 1.5
32001 9 12.75 B Tri 33 +33 6 4 1 rR-R 4.2 3.0
4 2001 9 12.75 32 Per 52 +43 6 4 1 rRR 4.3 3.0
5 2001 9 15.75 32 Per 53 +40 6 3 1 rR-R 4.0 3.0
6 2001 9 15.75 A Per 63 +52 6 6 1 rR-R 3.7 3.0
7 2001 9 22.73 £ Per 58 +38 8 5 2 rR-vR3.6 27
8 2001 9 22.73 ¢ Tau 84 423 10 4 2 MR 4.2 3.3
9 2001 922.73 B Aur 90 +44 14 5 3 rR-vR 3.6 4.7
10 2001 9 23.58 & Per 62 +39 7 3 1 rR-R 4.2 2.3
11 2001 9 23.58 1T Tau 69 +23 8 4 1 rRR 4.1 2.7
12 2001 9 23.58 S8 Aur 91 +42 9 4 2 rRR 3.9 3.0
13 2001 9 24.58 & Ari 49 +18 4 3 1 M-rR 40 1.3
14 2001 9 24.58 & Per 63 +40 8 4 2 rRR 40 2.7
15 2001 9 24.58 4 Per 66 +48 5 3 1 rRR 4.2 1.7
16 2001 9 24.58 B Aur 93 +45 5 4 1 rRR 4.0 1.7
<& >
el =t Ty s 138d56' 36.0” , +35d20° 00.0”

SEFLSAEICAAU r BOTEHFIRA -
FIETHLMHTOE, 1 0BMHEDS AN
FLvbhE LGB WHRER T =,

DRV (EFWL->THH 1 0EREN) B
(HLABRTSRETIEFRCMALEFESH

0O9FA27H

19K00%

Lho-3sswW



Giacobinids 2001

Giacobinid shower 2001.

¢ Observation Pericd >
October 1/2 - 13/14

< Uhssrvatmn site >

ITODA :

HASTA :
OSAKA -
NAKTA :
NOSKU :
SUMKA :

YOSKA

Ito Daiyu

Takema Hashimoto
Kazuhiro Osada
Tatsuya Nakamura
Kunio Nose
Kazuhiro Sumie

Katsuhiro Yoshizaki

¢ Observation Method >

Visual .,

v

< Data >
DATE

Plot : ITODA, OSAKA
, Gount : NAKTA,

Ajigasawa, Aomori, Japan.
Shimoyugi, Hachlo_u Tokyo.
Ovama, Shizuoka, Japan.
Yamada, Mei, Toyama, Japan.
Shibetsu, Hokkaido, Japan.
Kobe, Hyocgo, Japan.

Tojyo, Katoh, Hyogo, Japan.

Sakuragawa, lInashiki, lbaragi, Japan.

YOSKA, HASTA

: NOSKU: { I TUDA)

J8T ur

TIME aM Spo. GIA Other Lm CL Dir Obs. Meth.

2oef 0 jd Fye MBS

Baki

139d22° | +35d:
138d57" , +36d:
137d04" | +36d:
142d24" |, +43d
135d00' , +34d:
136d02' , +34d!
140d27" , +3b6d!

Oot. /2001

01/02 22:00-22:00 13:00-14:00 60 13 13 0 - 54 0 Z SUMKAC
01/02 23:00-00:00 14:00-15:00 60 11 11 0 - 52 1 Z SUMKAC
02/03 22:00-23:00 13:00-14:00 60 12 12 0 - 53 0 Z SUMKA C
02/03 23:00-00:00 14:00-15:00 60 15 15 0 - 54 0 Z SUMKA C
03/04 22:05-23:05 13:05-14:05 60 16 16 0 - 56 0 Z SUMKA C
03/04 23:05-00:05 14:05-15:06 60 18 18 @ - 55 0 Z SUMKA G
04/05 22:00-22:30 13:00-14:00 30 5 5 0 - 5.2 3 7 SUKKAG
05/06 20:00-21:00 11:00-12:0060 8 8 0 - 4.8 0 Z SUMKA G
05/06 21:00-22:00 12:00-13:00 60 10 10 @ - 5.0 0 Z SUMKA G
07/08 18:07-19:07 09:07-10:07 60 7 6 1 - 1.6 0 Dra NOSKU TV
07/08 18:15-19:30 09:15-10:30 75 24 22 2 - 55 1 Z O0SAKA P
07/08 18:55-19:25 09:55-10:25 30 3 3 0 - 4.0 4 7 SUMKA G
07/08 19:07-20:07 10:07-11:07 60 10 & 1 - 7.8 0 Dra NOSKU TV
07/08 19:30-20:30 10:30-11:30 60 19 17 2 - 55 1 Z O0OSAKA P
07/08 21:35-22:35 12:35-13:35 60 13 13 0 - 50 3 Z SUMKA G
07/08 22:35-23:05 13:35-14:05 30 4 4 0 - 48 4 7 SUMKA C
08/09 18:05-18:58 09:05-09:58 53 6 &5 1 - 6.2 0 Dra NOSKU TV
08/09 19:00-20:00 10:00-11:00 60 5 5 O - 7.2 0 Dra NOSKU TV
08/09 19:30-20:30 10:30-11:30 60 6 5 1 - 5.5 0 Cyeg ITODA P
08/09 20:00-21:00 11:00-12:00 60 20 16 4 - 58 1 7 SUMKA C
08/09 20:00-21:00 11:00-12:00 60 8 7 1 - 6.8 0 Dra NOSKU TV
08/09 20:55-21:40 11:55-12:40 456 & 3 2 - 52 0 Cep ITODAP
08/09 21:00-22:00 12:00 13:00 60 22 20 2 - 58 0 Z SUMKA G
08/09 22:00-23:00 13:00-14:00 60 20 18 2 - 56 0 Z SUMKA G
08/09 22:05-23:05 13:05-14:05 60 6 5 1 - 48 0 Z NAKTE G
08/09 23:00-00:00 14:00-15:00 60 24 23 1 - 5.7 0 Z SUMKAC
08/09 03:15-04:30 18:15-19:30 75 31 23 2 6 55 0 7 O0SAKA P
09/10 18:24-18:53 09:24-09:53 29 5 4 1 - 7.8 0 Dra NOSKU TV
09/10 19:00-19:55 10:00-10:55 55 & 4 1 - 1.6 0 Dra NOSKU TV
09/10 20:03-20:34 11:03-11:34 31 3 3 0 - 6.2 0 Dra NOSKU TV
09/10 20:30-22:00 11:30-13:00 90 24 20 3 1 53 3 7 O0SAKAP
11/12 21:00-22:00 12:00-13:00 60 10 10 0 - 4.6 0O Cas YOSKA P
11/12 22:00-23:00 13:00-14:00 60 3 3 0 - 4.8 0 Cas YOSKA P
11/12 23:00-24:00 14:00-15:00 60 9 8 1 — 5.0 0 Per YOSKA P
11/12 24:0{}-01:00 15:00-16:0060 8 7 O 1 4.8 0 Per YOSKA P
12/13 21:10-22:10 12:10-13:10 60 9 8 | - 4.5 0 Cas YOSKA P
13/14 19:00-20:00 10:00-11:00 60 5 4 1 - 4.6 0 Cyz HASTA P

Ty~

(50mm, F=1. 4}

(50mm, F=1. 4}

s
i
20
85
bl

[l

1.4)
1.4

(50mm, F=1. 4}

(50mm, F=1. 4)
{50mm, F=1. 4)
{50mm, F=1. 4)

Giacobinids 2001

Time : Observed time interval
Total: Total number of meteors
Spor. : Number of Sporadic meteors
GIA : Giacobinid meteor shower

Lm : Limiting magnitude of field stars

CL  : Cloud cover
Dir : Observation direction(Z: Zenlth)
Meth. : Method. V=Visual, TV=TV with |

< Magnitude distribution >
SUMKAEII400 -15:00 UT )

-4 -3 -2 -t 0 1 2 3 4 5§ 6|MI|M8|_ Lm

Dra | 1 2 3 3 | 9]2.89]5.6-5.8
Ori 1 1 21— TR
Spor. 2 3 24 59 13 10113.77|5.6-5.8
< Radiant >
No. YMD (UT) GONST RA DEC N d Wt Vel Mag HR Obs. Meth. Remarks
1. 2001/10/07.43 Gamma Dra 268 +53 4 4 1 rS-M 3.7 1.8 0SAKA Plot
2. 2001/10/08.51 Gamma Dra 270 455 3 4 P r8M 3.3 2.0 OSAKA Plot
YMD . Year/Month/Day
N © Number of showered meteor
d : Radiant diameter
Wt : Weight
Vel : Verocity
Mag @ Magnitude
Meth. : Observing Method
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MSS - 10O

2002 % 2 A 17 BESHEY I F—
U U JBE 3t 2 2 DK HE B 0D S B 1 EH B B
PILTES
1 iFLwic

2001 11 A 18/19 B, RT V7O EZET, L LEREHOKRERBR LN, TOBOD, 30 HEDHE
BIHESD, 14 A OBRAFLLRE S, EThERTLE,

2. SEORBHTICHW-BEIFE & BRI (5)

Bigin  0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 5:00 # 1. T s
End 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 5:00 5:30 £ & #HRER
Bk B 30 28 30 30 30 30 30 30 30

MZ8®s 20 30: @0 80 B0 200 30 10 20 (—ERERRIRERT A3 30 4
I A 30 15 30 25 25 25 30 26 Tz TN B Ar— AP
SKEE 29 28 29 29 29 28 28 30 hAEB, ZThiTFEDHE
NILES 30 30 25 30 24 30 25 28 28 10 FUERA F =R ADE - Gl
[ AT 30 30 30 30 30 30 30 10 g% Z oXEIiz AR
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Solar ‘\.,t sgw | &

Time (UT) longitude n __ all  time  HR _ ZHR Eror

Nov.10 18:00 228.391 H 4 556 0.8 88 13
Mov.11 18:00 229.396 1 3 60 3.0 186 107
MNov.12 18:00 230.403 2 24 100 153 21.5 44
Mov.13 18:00 231.409 3 33 180 11.0 231 40
Nov.14 18:00 232416 6 FAl 260 118 194 23
Mov.15 18:00 233.424 4 12 223 196 37.0 44
Nov.16 18:00 234.432 20 155 853 9.7 348 28
Nov.17 18:00 235.441 68 422 1967 153 571 28
Nov.18 18:00 236450 1963 163511 10987 9228 25101 62
Nov.19 18:00 237.459 14 a7 180 19.5 69.7 71
Nov.20 18:00 238.469 2 41 120 - 205 Ja.b - 52

MNov.21 18:00 238478 i 112 360 18.7 6.7 16
Nov.22 18:00 240484 4 57 240 14.3 133 1.8
Neov.23 18:00 241.500 6 80 360 13.3 1.9 13
Mov.24 18:00 242510 ] 51 320 1.5 i [
Solar Time Solar Esko
Time (UT) _Longituds  n all time HR ZHR _ Error UT) Longitude all time HR ZHR  Error Lywiinen
Nov.16 16:30 234.389 1 4 90 40 106 53 16:00 236367 18 209 78 1569 670.8 46.4 680
Mov.18 17:30 234.411 8 68 383 103 380 47 16:05 236370 25 472 138 2128 834.1 430 730
Nov.16 18:00 234453 4 41 210 ad 50.1 178 16:10 236.374 27 497 147 1897 8208 368 790
Nov.16 19:30 234.495 [} 38 290 7.7 2y 34 16:16 236.377 35 732 214 2318 9877 36.5 860
MNov.16 20:30 234537 1 4 10 240 4712 238 16:2G 236.381 30 618 146 2504 10212 411 960
Now17 16:30 235378 8 68 350 118 450 55 16:25 236.384 35 815 200 2544 10315 36.1 1070
Now17 17:30 235420 8 74 426 11.7 368 43 16:30 236.388 32 1167 208 2727 10043 294 1200
Nov.17 18:00 235.462 28 167 690 168 515 44 16:35 236.391 35 908 209 3074 12019 38.0 1330
MNov.17 19:00 235.504 19 103 428 17.7 764 75 16:40 236.395 3 821 152 3207 11766 411 1480
Mov,17 20:00 235546 5 10 15 8.7 33.7 107 16:45 236.398 37 1477 23t 3854 14109 36.7 1680
MNov. 15 09:30 236.092 i 72 60 720 4760 56.1 16:50 236.402 25 955 1456 3952 1359.1 440 1930
Mov.i8 15:30 236.345 ] 31 30 1820 7466 783 16:55 236405 34 1308 188 4615 16309 43.6 2170
Mov.18 16:30 235387 368 10159 2108 2959 11322 112 17:00 236.409 31 1338 155 5179 18144 49.6 2450
Mov.18 17:30 236429 535 41884 3004 863.1 2569.6 126 17:06 238412 47 1861 281 4043 13707 318 2760
Nov.18 18:3C 236471 626 84530 3522 14970 3694.0 12.7 17:10 236416 39 1945 211 5571 17738 40.2 3100
Mov.18 19:30 236,513 355 22780 1859 7381 1307.2 120 i7:15 238419 42 2479 255 6141 19133 J8.9 3470
Nov.18 20:30 235558 72 3995 418 5104 24116 382 17:20 236423 41 25381 244 6678 20898 413 3840
Mov.19 17:30 237.438 ] 5 30 100 475 21.2 1725 236427 92 3628 325 7122 22166 36.8 4220
Mov.18 18:30 237.480 7 49 90 243 809 130 17:30 226430 45 3294 221 881.7 26723 455 4610
Mow.19 20:30 237.522 1 43 66 430 550 84 17:35 236434 52 4547 284 9677 28758 a4 | 5040
17:40 236437 46 4148 232 1068.3 31382 48.7 5510
1745 236441 43 4669 260 10927 29538 43.2 5260
17:50 236444 45 53562 249 13034 35184 48.1 6390
Leonids 2001 Honrly Reports 17:55 235448 47 ..6098 272 14201 39083 50.1 6790
(The Nippon Meteor Scoisty) 18:00 236.451 47 6210 229 16063 3958.1 50.2 7040
18:05 236455 60 9584 455 15028 39333  40.2 7230

E ; 1815 236462 58 8923 321 17288 44901 47.8 7320
i 18:20 236485 52 8517 281 18469 45983 498 7140
i 18:26 236469 59 D682 350 17005 42309 430 5850
! 1830 236472 52 6357 268 14322 35235 442 6430
18:35 236476 51 6311 285 13665 33571 42.3 €010
18:40 256479 48 5214 233 13236 31471 437 5540
1845 236483 58 6858 348 12485 30632 370 5040

1000 |

- . x 18:60 236486 41 4319 221 11990 28659 438  45{0
& B 18:55 236490 47 4040 257 0521 21310 335 4030
i bt 19:00 236493 A1 5637 B0 TG00 9575 AAG 3600
il A — 15:05 236497 41 2152 215 8916 21300 379 3200

’ 19:10 236500 32 1312 144 7333 16181 38.0 2870
1915 236504 31 1983 172 6839 15265 343 2580
18:20 236507 32 1891 187 7432 18858 423 2310
19:25 236511 a7 2779 215 7419 16095 305 2100

HR {Hourly Rate)
ZHR (Zenithal Hourly Rate)

) . - —— 18:30 236514 29 1680 133 7305 17030 415 (910
W e o LR S0 o 19:35 236518 30 1884 160 7110 14752 340 1740
19:40 236521 23 1346 116 6975 17541 478 1580

Tismo (UT. Nuvanlber, 2001} 19:45 236525 27 1633 142 7021 17603 436 1450

1950 236528 20 955 114 5618 23296 754 1320

1955 226532 22 998 122 4BGE 16830 554 1190

30:00 " 236.505 8 668 40 T002.0 23119 E9A 1090

2005 236539 9 705 50 8833 19867 746 950

20110 236542 9 1466 85 8808 19906 520 900

20:15 236548 8 468 45 6525 16182 748 850

2020 236549 5 243 25 5832 (5100  96.9 810

2025 236553 7 198 40 2854 13376 951 780



MEs-100

East Japan West Japan
Solar ZHR ZHR
Time (Ui Longitude} n  all  Tine HR(East) (East)  Eror | n all _ Time HR(West) (West)  Error
16:00f 236.367 18 209 78 156.9 670.8 A48.4 0
16:05] 236.370 22 430 124 218.8 §35.5 45.1 3 42 15 168.0 9243 1428
16:10) 2363741 2 443 123 217.4 834.8 39.7 i 54 24 138.0 77118 1050
16:15) 236377| 26 585 189 2474 968.9 40,1 9 147 45 196.0 i042.2 86.0
16:20f 236.381 21 440 1o 256.0 901.9 430 8 178 45 2373 1299.8 974
16:25| 236.384 24 576 140 259.0 927.3 38.6 11 239 60 2444 1258.7 314
16:30f 2363831 22 511 105 209.3 935.7 436 10 656 164 236.3 10454 40.8
16:35) 2363911 25 787 152 3203 11820 421 10 211 57 25285 1251.8 6.2
16:40) 238385 | 21 552 102 3237 1103.5 48.7 10 262 50 3144 13301 82.2
16:45] 238398 24 833 137 4088 14175 427 13 594 94 3421 13987 514
16:50] 236402 18 642 95 408.5 11494 4541 10 313 50 2758 17515 983
16:55] 236405 23 287 128 469.3 1502.1 48.3 11 431 B0 445.1 18000 91.5

17:00) 236408 1 21 953 105 3446 17646 572 10 285 50 462.0 1919.1 1137
1705] 236412{ 30 1281 170 463.2 14483 404 | 17 580 119 300.4 12374 514
iT:10) 236416) 27 1564 153 6304 1885.3 477 | 12 382 58 3920 1523.0 778
17:05) 236419 268 1714 145 1486 20096 507 18 70B 110 3958 16108 606
17:201 236423 ( 27 1764 134 780.9 22008 524 | 14 817 110 4324 15054  86.7
17:25) 286427 | 33 2574 195 8451 23893 474 19 1054 130 4813 19165 590
17:30) 236430 29 2342 141 989.0 27088 860 | 16 954 80 71545 2606.1 844
17:35) 236434 1 32 3068 173 11128 29392  531) 19 1429 116 T425 2053.8 70.2
17:40] 2364377 29 3049 152 12192 30568 554 18 1044 75 8205 27879  86.3
17:45) 2364411 31 3244 185 12025 30219 531 17 1425 100 8622 28286 750
17:50f 236444 ) 27 3306 139  1403.2 36023 627 18 2046 110 11538 33826 750
1755) 2364481 24 2604 128 17284 45023 750 23 2494 144 10084 32906 659

18:00] 236451 | 31 4555 153 17717 4085.1 60.7| 16 1655 76 12859 36527 908
18:03; 2364557 33 4926 177 17423 4238.1 G607 | 27 4858 278 12100 3536.3 518
15:10f 236458 34 5718 178 19549 45520 60.2( 18 2797 82 19607 49023 927
1815 2364627 37 5687 183 18876 46560  61.7| 21 23236 133 14409 4206.0 73.9
18:20] 236465 34 5529 177 18938 45935 6187 13 2088 104 17585 4608.9 843
18:25] 236469 | 34 4999 182 17379 43172 G111 25 4883 168 15495 41138 604
18:30] 236472 34 4315 180 14775 34696 528 | 18 2042 88 13467 36253 802
P3:35) 2364761 34 4052 186 13705 32334 508 17 2259 99 13585 36043 758
1840 236473 | 33 3841 167 13833 31586 510) 15 1373 66 12118 31538  85.1
18:45] 236483 | 37 4372 213 13198 31363 4741 21 2486 135 11231 28343 589
18:50) 236486 | 26 2505 131 11418 25925 518 16 1814 90 12170 31311 735
18:55) 2364920 28 21683 157 8868 19228  41.3) 19 1877 110 10483 2438.1 56.3

19001 2364931 19 1777 105 10245 20228 480 11 813 50 5298 23698 a3.1
19:05) 236487 | 25 1864 120 950.0 20770  4B1| 15 1241 @0 g16.8 20050  56.9
19:10) 2365007 23 1393 103 7829 15818 424 8 397 36 649.9 1609.3 20.8
19:15| 236564 [ 20 1378 107 1117 15150 408 10 590 60 577.8 1531.7 63.1
19:20) 236507 | 19 1332 96 827.9 16764 459 | 12 619 56 631.0 19983 803
19:25; 238511 21 1545 115 836.9 15733 400 15 1211 95 640.1 1595.7 459
19:30] 226514 19 1283 96 8504 1626.7 454 9 355 42 5026 1534.9 81.5
18:35) 236518 | 19 1444 103 7.7 1863.0 422 | 10 433 & 463.3 1302.7 626
19401 228521 ) 14 1040 71 883.6 1560.1 48.4 7 285 35 4288 1560.0 024
19:45) 236525 | 15 1144 78 9013 15787 467 10 467 54 5172 1532.3 0.9
18:50{ 236.528 9 523 59 §72.3 14113 617 9 361 45 481.3 1503.9 79.2
19:55) 236.532 9 496 52 G227 127706 573) W0 372 55 354.2 1083.4 56.2
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[1] Ralf Koschack and Jiirgen Rentdtel, "Determination of Spatial Number Density and Mass Index
from Visual Meteor Observation", WGN 18,1990, pp.44-58, and pp. 119-140.

[2] Shigeo Uchiyama, "Estimated ZHR Profiles of the 4-Revolution and 9-Revlution Dust Trails
during the 2001 Leonid Meteor Storm", WGN 30, 2002, pp.
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4520, YELLIZ 2.2 ERAE,

_pp. 206-213 —7ZHR

max
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Discovery of the February Eta Draconids (FED, IAU#427): the dust trail of a potentially
hazardous long-period comet
Peter Jenniskens and Peter S. Gural (WGN 39:4 (2011) 93-97)

Abstract A previously unknown shower was detected on 2011 February 4, during routine low-light-level video
triangulations with NASA’s Cameras for Allsky Meteor Surveillance (CAMS) project in California between 02h20m and
14h20m UT. During that time interval, six meteors radiated from a compact geocentric radiant at R.A. = 239.92°+0.50°,
Decl. = 62.49°+0.22°, with speed V; = 35.58£0.34 km/s. The times of arrival for the meteors were 06h25m, 07h59m,
10h49m, 11h18m, 12h14m, and 13h33m UT, suggesting that the outburst peaked around 11h UT Q\, = 315.°1) and had
a duration of at least 7 hours. The shower was not detected on the days prior to or after February 4. The meteors were in
a narrow magnitude range, with peak visual magnitude of +2.1, +1.9, +2.6, +2.1, +2.3 and +2.4, respectively, moving
from 103.6 1.4 to 95.7=1.5km altitude. The mean meteoroid orbital elements derived from the radiant and speed are: g
=(0.971+0.001) AU, 1/a=(—0.004+0.025) AU, 1=55.°20+0.°34, » =194.°09+0.°35, 2 =315.°07%0.°10 (one
standard deviation). The orbital periond of this shower is P > 53y (three standard deviations), so that meteoroids are
likely the dust trail of a potentially hazardous long-period comet, which remains to be discovered.

AR F
Cameras for Allsky Meteor Surveillance (CAMS) network.
— TAU ® Working List ®300LL EDOJiERE CRAENL) ZRET 5 L2 HE L CGRE - EH,
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77 v 27 OWat-902H2 Ultimate + 12mm F1.2L > X (FE20°X30°) % &8 IZ2058 3% E,

2ARYW SENEDHER (Fig. 1, Table 1)
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2007~20094E D SonotaCoT —Z X— AT H 7R L,
118, BEOEEMH D, 10~13hUTICHE, v — 27 X11hUTHE, &¥O2HI% wing iE81Tlx, (Fig. 3)
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Table 1l Meteoroid physical parameters, trajectory, and orbital elements. mv is the visual magnitude, F'the light curve
parameter (position of peak relative to distance from begin to end point), A, and H . are beginning and end altitude, R4,
and Dec; are the geocentric Right Ascension and declination, V4 is the geocentric speed. Orbital elements are in J2000.

Time mv F Hy He. RA; Decs Ve
06:24:31 +2.3 0.68 105.1 94.6 239.43+1.32 62.38+0.60 35.67+0.28
07:59:25 +2.1 0.59 105.1 96.3 240.47+0.53 62.23+0.48 35.16+0.07
10:4853 +2.6 0.62 102.7 97.0 239.40+1.22 62.46+0.85 35.90+0.34
11:17:46  +1.9 0.67 103.9 97.1 239.98+2.14 62.79+t1.58 35.301.06
12:13:49 +2.1 0.40 103.1 95.7 240.33+1.28 62.61+1.39 35.87+0.61
13:32:19 +2.4  0.67 101.4 934 239.80+2.88 62.38+3.01 35.62+0.94
Time  Sol. long q (AU) 1/a (1/AU) i(® w Q)
06:24:31 314.°929 0.970+£0.002 —0.002+0.030 55.39+0.44 194.42+1.05 314.923
07:59:25 314.°995 0.972%0.001 +0.032+£0.020 54.94%+0.29 193.73+0.43 314.990
10:48:53  315.°115 0.970+=0.002 —0.022%0.043 55.54+0.64 194.41+0.88 315.111
11:17:46  315.°135 0.971+0.003 +0.002%=0.095 54.74+1.51 194.17%+1.39 315.132
12:13:149  315.°175 0.972+0.002 —0.032*£0.072 55.37+1.07 193.73=0.84 315.175
13:32:19  315.°229 0.971%£0.004 +0.037%0.136 55.902.11 194.09+2.24 315.228
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Figure 1 — Geocentric radiant positions of meteors observed in the CAMS network on 2011 February 4. Results for five
meteors (marked by arrow) are shown enlarged in the right diagram.
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Figure 3 — Number of detected shower meteors as a function
of time on 2011 February 4. The gray area is the timeframe
for which video observations are available. Also shown is the
count of radio reflections in observations by Ilkka Yrjéla of
Kuusankoski, Finland (GlobalMSNet).
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Letter — Entertaining meteor observations by a student group — 2016
Perseids by Meiji University students

Masahiro Koseki', Yoshihiko Shigeno?, Tatsuya Hiraizumi®

It seems group observing of meteors is not approved today. Aren’t the results of group observing useful? In our
opinion the answer is yes, group observing is entertaining and bears fruits well even if their first observation.
We show group observing by students can yield comparable results to veteran observer’s and, more, students are
encouraged to do further studies.

We examined the reports of Meiji University students including their first meteor observations and get rea-
sonable ZHRs and the magnitude ratios. It is suggested even chats during observations could stir up their morale
and they learn how to observe meteors in practice. This report is an answer from Japan for ‘A perspective on
the future of meteor astronomy’ discussed in IMO members.

1 Observations

Members of Meiji University Astronomical Club made an expedition for 2016 Perseids and stayed at Aizu Astraea
Lodge in Minami-Aizu heights Fukushima during 2016 August 10-16 (Figure 1). The list below shows the
participants of observations including those that are not meteor section members. Almost all freshmen experienced
their first meteor observations and many others also are not trained in it.

Figure 1 — Meiji University 2016 Perseids campaign participants.

They organized two teams of six for each time span; recorder, time keeper and four observers each. They
seated as shown in Figure 2 and two teams depart 10-15 m apart. When a meteor appeared, observers call
meteor magnitude and shower membership. Figure 3 shows a recoding sheet for an example.

They could observe Perseids only two nights August 11/12 and 12/13. Their Perseids campaign by the style
shown below has started since 2010 but resulted in failure three times 2011, 2014 and 2015, because summer
season in Japan is wet. Many Japanese observers were hindered by bad weather and by the existence of the moon
in evening sky 2016. They were even lucky in Japanese circumstances last year and enjoyed Perseids display of
bright meteors. Table 1 presents the summary results.

1 4-3-5 Annnaka Annaka-shi, Gunma-ken, 379-0116, Japan. The Nippon Meteor Society (NMS). Email: geh04301@nifty.ne.jp
2 5-6 Kizuki-Sumiyoshi, Kawasaki City, 211-0021, Japan. Meteor Science Seminar (MSS). Email: cyg@msswg.net
3 4-3-18 Nishinogawa, Komae City, Tokyo, 201-0001, Japan. Meiji University Astronomical Club.

Email: libra.h.tty.1040gmail.com



26 WGN, THE JOURNAL OF THE IMO 45:2 (2017)

Table 1 — Summary results of Perseids campaign 2016. Lm with an asterisk represents observations under moonlight.
Slashes in the duration columns show two groups started/ended observations independently and the duration differs.

Day Time Duration Perseids Sporadics Lm
(min) N HR Sum N HR Sum
11/12 21 40/43 2~5 2.8~17.5 24 0~5 0~75 21 2.89 ~ 4.67*
22 50 3~ 10 3.6 ~12.0 48 4~10 4.8 ~12.0 52 2.89 ~ 4.67*
23 50 7T~17 84~204 94 4~14 48~16.8 66 2.89 ~ 5.08
00 45/49 5~18 6.7~ 220 82 4~13 49~173 74 4.66 ~5.80
01 52 9~15 104~ 17.3 50 13~34 15.0 ~39.2 88 5.08 ~5.49
02 45/49 11~21 13.5~28.0 127 6 ~ 26 8.0 ~ 31.8 112 2.84 ~ 5.56
03 54 9~13 100~ 144 45 6~ 11 6.7~ 12.2 32 5.49
12/13 21 30/35 1~6 2.0 ~10.3 21 2~8 4.0 ~13.7 36 2.89%
22 35/50 7~12 84~189 73 4~17 4.8~29.1 70 2.89 ~ 5.08%*
23 50/55 8~20 8.7~24.0 99 3~10 3.6~10.9 48  4.66 ~ 5.08
01 54 28 ~31 31.1~344 120 16 ~25 17.8 ~27.8 84 5.08 ~5.56
02 50/60 15~26 16.0~31.2 174 6~17 7.0~18.0 100 5.08 ~ 5.80
Total 3984 957 783

The participants of 2016 Perseids campaign in Aizu
were as follows: Group 1

Freshman: Kazuki Aigo, Miyuki Aoyama, Tatsuki
Ashida, Hikaru Izhima, Miwa Ichikawa, Erika Imai,
Kentaro Okuma, Nagisa Okazhima, Sho Osano,
Momomi Kimmura, Kosei Kataoka, Ryota Kudo,
Akane Kuwakubo, Ikuya Satake, Takumi Sato,
Kaina Shibata, Mihoko Suzuki, Kota Tanikawa,
Koki Tsuda, Kaho Nagata, Shiyu Nakamura, At-
suya Nimi, Nobutaka Niwa, Rintaro Noda, Wataru
Hayasaka, Tichi Hirabayashi, Tomoaki Fujita, Yu-
dai Hojo, Atsuko Matsumoto, Hirohiko Mizuno,
Yuki Yamahash, Tichi Yokoe.
Sophomore: Atsushi Owada, Yu Ozawa, Soichiro A
Kato, Daiki Kimiduka, Tomohiro Kuno, Naoto !
Koyama, Takaya Saito, Akari Sakanashi, Shoseki, ' 10~15m apart
:
Y

[ I9AIISqO
7 JOAIISqQ
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oW,

Kazuki Sugi, Yugo Tokino, Ryo Nagasawa, Ozora G 2
Nobata, Takumi Haba, Tatsuya Hiraizumi, Ryo roup
Moriya, Shuhei Yamakawa, Daiki Yonemochi.
Junior: Nanako Abe, Saki Izawa, Kazuki Ide,
Yu Iwase, Mayu Ueda, Yuka Utsumi, Rika Oki,
Azumi Ono, Mami Kawai, Maho Kawakami, Shino
Kimura, Reo Kotani, Maho Sasaki, Natsumi
Suzuki, Ryota Suzuki, Hiroko Sone, Masono Tak-
shima, Naoyuki Takahashi, Takayuki Teramura,
Keita Nawata, Anna Niwa, Seiichiro Hagino, Nat-
sumi Yoshida, Mitsfumi Yoshimura.
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2 Results from observations

2.1 ZHRs Figure 2 — The disposition of 2016 Perseids campaign.

Observations in evening hours were hindered much by

moonlight and the limiting magnitude records are wide

spread (Table 1). If we calculate ZHRs strictly by the records, they would reach unreliable values. It is necessary
to correct the record by the method described in following section (3.1 Limiting magnitude) and, then, we get
proper results as shown in Figure 4.

2.2 Magnitude ratio

If we corrected the observed limiting magnitude by following way (3.1 Limiting magnitude), we could get good
estimates of the magnitude ratio of Perseids also. There are two ways to estimate the magnitude ratio; compen-
sating the observed limiting magnitude to the ideal sky by Kresdkova’s (1966) perception coeflicient or comparing
magnitude distribution with sporadic one (see 2.2.2).
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Figure 3 — An example of the recording sheet of group observing. The first frame; Title, the second; Primary observational
records (Day, time, location, and so on.), the third; records for individual meteors (four observers’ magnitude estimates
are shown in each column with indication for Perseids by a circle.).
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2.2.1 Compensating by Kresakova’s perception

coefficient

We calculate ZHRs by the formula such as ZHR =
HRr™~"™0 /gin h, where HR is the hourly meteor rates,
r is the magnitude ratio, m is the observed limiting
magnitude (Lm) and my is set 6.5 usually. Here we
accept the hypothesis that we might see meteors in
proportion to the power of the difference between m
and mg. This means we consider the perception coef-
ficient would be shifted by the difference between m
and mg also.

One of the author, Koseki (2011) modified
Kresdkovd’s table to 0.1 magnitude bin interpolating
with the third power function. We use the modified
table to compensate the meteor number and estimate
the magnitude ratios for Perseids and sporadics (see
for an example Figure 5). We can estimate the mag-
nitude ratios from the slope of the drawn in the figure
for Perseids and sporadics 7per = 2.11 and rgpo = 3.15
respectively.

2.2.2 Comparing meteor numbers of Perseids
with sporadics

If we assumed the perception coefficient of Perseids
equals to sporadics, we could calculate the ratios of
Perseids to sporadics not using any supposed per-
ception coeflicient. Figure 6 gives an example from
the same observation period of Figure 5. If we use
Tspo = 3.5 based on Kresdkové’s result, we could esti-
mate rpe; = 2.14 from the slope of the line.

3 Problems

3.1 Limiting magnitude

As shown in Table 1 the observed limiting magnitudes
(Lm) differ very widely because of the disturbance of
the moonlight and of inexperience of observers to such
recording. IMO instructs to select the area in which
star number increases smoothly near Lm in order to
record Lm correctly. But, sometimes we need observa-
tions of major meteor showers when the moon is bright
or when city light hinders much. In such cases, we
cannot help using discontent areas and are confronted
with a difficult problem to estimate proper Lm.

We have two approaches to reach reasonable Lm;
the meteor magnitude distribution and the existence
of two independent observing groups in this case.

Firstly, we test observed magnitude distribution
and Lm by shifting Kresakova’s perception coefficient
at where we could get the proper magnitude ratio. Ta-
ble 2 lists the magnitude distribution of 8 observers
(see the second line of Table 1). It is clear they could
not recognize magnitude +3 meteors and magnitude

140 TZHR
® Meiji Univ.
X X X v
120 T IMO
100 T %
°
80 T o0
X
60 T ® . X
®* . °
40 T X e
® o
20 T
Solarlon
0 } } t ; : } } t y
1388 139.0 1392 1394 139.6 139.8 140.0 140.2 1404 140.6

Figure 4 — ZHRs calculated from students’ observation (black
circle) comparing with IMO VMDB (2016, asterisk).
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Figure 5 — Magnitude distributions of Perseids and sporadics
compensated by Kresakova’s perception coefficient (modi-
fied). Data used here are combined two groups of 12/13 night

23 JST period.
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Figure 6 — Perseid meteor ratios to sporadics with magni-

tudes.

ratios both Perseids and sporadics would be reached improbable value if Lm = 2.89 is correct. If we shifted
supposed Lm to 4.7 on the basis of an observer’s report Lm = 4.67, we could get rpey = 3.01, 7spo = 3.76. It is
suggested we can select the faintest Lm in all reports or the next star in Lm table rather than reported value
themselves. This suggestion can be confirmed by following interesting observations.

Secondly, we compare the report of two groups apart 10-15 m, who recorded Lm independently by using
different areas in 12/13 night 22 JST period. One used No. 6 and other No. 16. Former group recorded Lm = 2.89,
because they hindered much by moonlight and could see only corner stars. Another turn opposite to the moon
and got Lm = 4.66-5.08. Nevertheless, two groups observed similar sky area, that is, up to the zenith. Therefore,
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Table 2 — The magnitude distribution in the moonlight.

JST mag. 0 +1 +2 43
21:17(20)—22:00 Perseids 0 10 11 3
Sporadics 0 2 15 4

Date
11/12

we can combine two observations and test above suggestion. Figure 7 shows clearly the estimation of Lm = 5.08
is better than Lm = 2.89; the estimated magnitude distribution by shifting Kresdkova’s perception coefficient
to Lm = 5.1 (Perseids_ Lm = 5.1 in Figure 7) seems to be more probable than Lm = 3.5. We would be better
to use ‘next’ star in the Lm tables to the reported Lm (star) itself when the sky condition is not good. We get
ZHRs in the section 2.1 ZHRs by this manner.

. . 5.0 TlogN
3.2 Membership judgement s L o8 «
Though we can get proper magnitude ratios for Perseids 4'0 1
and sporadics in 2.2.1., there are several cases which show 3'5 1
unreliable meteor number ratio Perseids to sporadics and 3'0 1

give the contrary magnitude ratios. 11/12 night 01 JST

period is an example; Nper/Ngpo = 50/88, rper = 3.36 and 2.5 7 B y:0.40;3x+ 13735
Tspo = 2.02. Koseki (2011) pointed out beginners intend to 2.0 7

reject possible Perseids out to sporadics. When a beginner 1.5 4 X - X- Perseids_Lm=3.5
looks up the zenith heading for the south, he/she would see M o ¢ Perseids_Lm=5.1
meteors distant from the radiant point and feel difficulty > __. x--7 05 T Mag
to classify them as Perseids/sporadics. We had better note X t 0:0 t f } !
Perseids magnitude ratios from whole data in this campaign -2 -1 0 1 2 3 4

might be higher than the real one and ZHRs lower. But,
if we choose carefully observations done properly, we could
get very nice results shown in 2.2.1.

Figure 7 — Comparison with the compensation of the
limiting magnitude on the magnitude distribution.

3.3 Magnitude estimation

. . 2.5 TlogN
Some groups have a tendency to estimate meteor magnitude o8

narrower extent. It may be suggested they are not familiar
with a fireball and to record faint meteors and record them
moderate magnitude. But, as Figure 8 shows a good linear
expression, they had done good job for estimating meteor
magnitude. Shigeno and Toda (2008) concluded that mean
magnitude estimates by students equals of video ones.

20 T

7= 0.2908x + 1.4494

4 Discussions

Japanese meteor observers have discussed the future meteor
observations with several IMO members and it became clear
that encouraging young observers is very important. This

report is an answer from Japan and following discussions are
based on such progress. The outline of this report was pre-
sented at the 145th MSS (Meteor Science Seminar) meeting
and we exchanged the ideas for enjoying observations and

Figure 8 — Magnitude distribution compensated by
Kresakova’s perception coefficient (modified). Data
used here are 12/13 night whole records and the magni-
tude distributions of each period are weighted by each

L Perseids number.
obtaining more useful results.

Determination of the limiting magnitude is difficult for
every observer. We feel uncertain the faintest star we look is real one or a vision. It is recommended we accept
such star as real or we estimate the limiting magnitude from the next star we confirm.
— Students are not familiar with any asterisms always and they missed area No.14 which is the most suitable in
their observations in this campaign.

The bulk data from student group observing make possible to reach reliable results, though each data might
be insufficient, that is, errors of the identification and estimates of magnitude exist somewhere.
+ Student observations must be entertaining and this leads to gather more and more participants.
— Checks of the data are necessary. It should be corrected the limiting magnitude report by comparing magnitude
distributions of observations with estimates from the perception coefficient for an example.

There may be interference between observers when they seat near and call their estimates to a recorder, but
such conversations or even chats play important role in group observing especially for students.
+ Chats keep one awake.
+ If one slipped a meteor, he/she would concentrate his/her care to the sky not to overlook the next.
+ If estimates were different, they might talk about it and make efforts to get more proper results.
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Observers in this campaign saw the same area but it seems to be interesting to see different areas. They may
count different meteor number.
+ The group observing is said to do so as Levy (2008) wrote.
+ It would be useful to observe 90 degrees different direction each four members.
— Observers who see the opposite direction to the radiant might feel difficulties to classifying meteors.
+ It would be entertaining and interesting to alter the center of one’s view; who could count meteors most?
— It is necessary to special chair to alter one’s view or a “coffin”. If not, the change from the zenith could not
be larger than 30 degrees.
— To look the same view and to chat on the event are joyful and give useful experiences for students.
It is very useful to keep looking up the sky and record meteors on a roll paper not looking down the record.
+ A recorder and a time keeper can join observations. Time calling might be left to a talkative clock.
— Chattering with neighbor observers is useful to activate observers’ mind.
We feel happy when we take a meal together and _—
would take a positive attitude (Figure 9). A
— To avoid being sleepy in observations, we had better
be careful in overeating or enjoying alcohol drinks.
The observational method might be different with
what is the goal of observations.
+ Observers seat side by side and call witness to a
recorder when we intend to enjoy and skill up obser-
vations.
+ Observers seat radially and write down record by
oneself when we try to get better results.
— This method is good for veteran observers not for
students.
+ Experienced and enthusiastic students can challenge
video, radio observations simultaneously with visual
ones.
Group observing sheets (Figure 3) give more information for future meteor works.
+ We can study why the difference magnitude estimates causes; the existence of the train, the angular speed of
a meteor (the distance from the radiant in case of a meteor shower), and etc.
+ The rate of missed meteors with magnitude could give us real perception coefficients.
+ The relation of the rate of different classification to the distance from the radiant might suggest us the ideal
direction of the center of the view.
— IMO instructs us to see the areas distant from the radiant 20-40 degrees. It is a good idea all four observers
faces to such area but it is problematic to post one who see the unfavorable direction when they turn to different
direction.

>

Figure 9 — Joy of the expedition: students powered by meals.

[NOTE]: Why Japanese observers often look up the zenith?

Light pollutions became severe in the last quarter of the 20th century in Japan and many observers looked up the
zenith in order to avoid poor sky. To observe zenith area is said as the ordinary way in visual observations even
if the good sky condition afterward. Many observers now record meteor numbers and magnitude estimates only,
not plotting meteor paths on the charts and, so, it is easier to lie on a rug than sit on a chair. Guidance books
recommend beginners to look up the zenith and young observers act in obedience to the instruction, though
skilled observers view where they like, of course.
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However, meteors do not resemble black bodies. Only iron meteoroids stand apart from the crowd in a color plot.
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No date time UnFiltered |V mag | Un—V | Mgl—-2 | NalI—-1 | OI—-1 UA2 Link |V Link Remarks
1[20220227 215258 —1.2 —1.2 0.0 0.13 0.87| 0.00 31 50| OxygenfEL
20220228 030548 —-1.5 —1.6 0.1 31 58 | 18] [ Ui - 2 AT A= &1
220220307 031358 0.0 —0.6 0.6 0.10 0.06| 0.84 31 24 |Na, Mg 55
3[20220309 032420 —0.5 —0.7 0.2 0.12 0.06| 0.82 21 13[Na,Mg# 55
420220309 051123 —0.2 —0.9 0.7 0.24 0.00| o0.76 16 19|[Na poor
20220309_051208 0.7 —0.3 1.0 16 22| FRe PR EL & - AR AT A= BT
20220309 221605 0.0 —0.9 0.9 15 1.3 | 188 [ ifs - A2 AT A= &1
5|/20220312 031438 —1.0 —1.8 0.8 0.38 0.29| 0.33 21 16[Normall
20220413 021149 —0.3 —1.0 0.7 17 15 | 188 [ ids - A2 AT A= &1
620220430 012328 —1.6 —2.5 0.9 0.39 0.15| 0.45 41 25| SR EHIGT R R IIL
20220502_024441 —1.1 —1.8 0.7 16 13| FRER &L & - AR AT A= BT
20220601_001512 0.1 —0.8 0.9 26 21 | 18] [ Ui - fE AT A= BT
20220626_204416 0.1 —0.5 0.6 22 16 | 158 [ i - fAZ AT A= 51
20220627 010012 0.1 0.0 0.1 29 29 | 18] [ Uit - fZ2 AT A= BT
7|20220629 213944 —0.1 —0.7 0.6 0.38 0.51| 0.12 16 16 | 186 [ dif
20220630_032740 0.9 —1.1 2.0 0.05 0.91| o0.03 9 10[Na rich
20220725 025811 —2.2 —2.9 0.7 12 8 | 1541 [ i - AR AT A= BT
20220727_000222 —0.2 1.1 —1.3 24 23|Na rich- fiZ 7 A~ &l
20220728 014537 —0.3 —0.9 0.6 29 19 | 188 [ ifs - fAZ AT A= =T
820220730 235738 —0.6 —1.0 0.4 0.06 0.12| o0.82 25 16|[Na poor
20220731_040109 0.7 —1.3 2.0 7 9 | FRR BN F} & - AZHT A= ET
20220801_012529 -1.9 —-0.6| —1.3 1 5|5 #MASIE
20220801 221017 —1.0 —1.3 0.3 0.31 0.01| 0.67 6 5|Mg poor?
9[20220809 025503 —1.0 —1.4 0.4 0.07 0.05| 0.88 20 7|O5&ULN
10[20220810 035905 —0.5 —1.1 0.6 0.07 0.03| 0.90 17 13|OF&L
20220812 _024152 0.7 2.7| —2.0 1 1| EERAIE
20220812 032156 —0.3 —2.2 1.9 8 7 | 1881 A i - A2 AT A~ BT
20220815_025040 1.4 —2.6 4.0 6 7| ABAY 1R -AEIHTA~FT
20220815 025405 —0.9 —2.1 1.2 0.24 0.25| 0.52 6 7| A BAY -Normal?
20220815_033904 —2.6 —-0.6| —2.0 1 2| EFRAIE
20220816_041940 —0.3 —0.8 0.5 2 3| EHMAIE
20220819_031017 —1.9 —2.8 0.9 8 6| ABAY  —1XR-FZHTA=FT
20220824 _005447 —5.1 —1.1 —4.0 1 1| EEfRAIE
20220906_011642 —0.9 —1.6 0.7 21 10([REBLEF GV A AT
20220922 015206 —0.9 —1.6 0.7 IEH] [ Uit - AZ AT A= a1
11[20220925 190412 —0.6 —1.6 1.0 0.17 0.78| 0.04 17 IEICEETR
1220220928 041056 —0.5 —0.6 0.1 0.03 0.03| 0.94 45 42
13[20220928 045237 —0.5 —0.9 0.4 0.11 0.09| 0.81 20 29
14[20220930_22021 1 —0.8 —1.8 1.0 0.10 0.16| 0.74 19 16 [Normal
15[20221001_005648 —0.3 —1.1 0.8 0.44 0.02| 0.54 24 20|Na poor
20221001_034216 —0.5 —0.4| —o0.1 42 33| [H] [ il - AEHT A= 51
20221002_023023 —0.7 —0.9 0.2 45 31 | 18] [ i - & & - AR HT A= |1
20221011_181636 —2.9 —-1.9] —-1.0 0.00 0.00[ 1.00 2 2| ZEHRAIE
20221019_233440 0.0 —0.6 0.6 23 15 | 1881 [/ i, O F - AZ AT A= =1
20221020_234434 —0.7 —0.9 0.2 24 10| & &5 - AZHT A= BT
16[20221020_235241 —0.9 —1.3 0.4 0.04 0.09| 0.87 16 13|Mg550L
20221024_000329 —1.1 —1.4 0.3 9 7 | Mgl £8 5} - AR FT A= BE
17|20221026 033426 —0.4 —1.4 1.0 0.38 0.26| 0.36 31 28|Normal
18[(20221030_233302 0.0 —0.8 0.8 0.32 0.24| 0.44 12 12|Normal, FHD
19[(20221030_233649 —0.3 —0.5 0.2 0.38 0.21| 0.40 21 13|Normal, FHD
20221031_205215 —0.5 —1.0 0.5 0.34 0.18| 0.48 9 15|Normal, FHD
20[20221102 225556 —0.8 —1.8 1.0 0.32 0.23| 0.45 22 20|FHD3» Y
21[20221103_023630 —0.3 —0.8 0.5 0.49 0.40[ O.11 51 35|Na rich FHD
22(20221103_033942 —0.2 —0.7 0.5 0.43 0.27| 0.30 35 30|Normal FHD
23(20221103 043702 —1.0 —1.4 0.4 0.36 0.03[ 0.61 25 16[Na poor FHD
20221104_010900 —0.7 —1.4 0.7 40 26 | F & AR AT A~ BT
20221106 _010804 0.4 0.2 0.2 27 18| 168] o i » AR AT ASTT
24(20221106_025953 —1.1 —1.3 0.2 0.12 0.14| 0.74 34 26 |Noramal
25[/20221106_035308 —0.5 —0.8 0.3 0.34 0.10| o0.56 37 24 |Noramal
26(20221107 012504 0.1 —0.5 0.6 0.37 0.41| 0.22 12 12|Normal, FHD
20221109_200724 —2.2 —1.9( —0.3 0.20 0.33| 0.48]j 3 5|Na rich, Link/In, BB TO—3&H U
20221110_201558 0.1 —0.8 0.9 0.37 0.37| 0.25 2 3|Normal, FHD
20221110_232021 0.1 0.9| —0.8 0.53 0.21| o0.26 5 8 | [E] [ ity - Normal
27(20221111_013227 —0.3 —0.8 0.5 0.39 0.38| 0.23 10 15|Normal, FHD
20221111_044607 —1.2 —2.0 0.8 10 15|2R - AZHTA=E1
28(20221112 020321 —0.4 —0.9 0.5 0.39 0.34| 0.27 13 19 [Normal
20221112 204836 —0.9 —1.8 0.9 0.33 0.37| 0.29|J5 sTa T;&Hi 7 8|Normal FHD3» Y
29[20221113 030535 —1.2 —1.7 0.5 0.01 0.41| 0.58|J5 sTa & A 15 22|Mg poor FHD &Y
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