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'Meteor Steream Activity' by P. Jenniskens, Astron. Astrophys. 287 (1994) 990-1013.
84MSS 1997.10/2 Kpa#E:

b5 Lbitd D EEAN, KEZHROLDIK TE E¥A. SUTICHE L 45E OGO
MrELHE L. BTFLOEXEZERC (BDWIZEENIC) BRLELO LIRS TRY E¥A,

fiiEl & SEOMEEIOX LD
198146 B 19915 2 COLERIRF—A R U T 2Z 50 X O < F =7 Bifll# 164 OR BRI
(DRUERE) ORER AR LT, BiERTHRITE 2RENSOHOUBRREE LT, B
EFREOHIC XSV THRIE Z & OMIREK erseption) ZHH L. FAZEZHIE LZZHR (Zmith
Hourly Rates)& KTz, ZOFHIC L > TEREROEETXIHAREZRET DI LHTER,

1. Introduction

FAEMBT RN EERIZThThoBEEN LB Ehie s R b Ot (stream) Z MRS
Y3 LxicBTS. Lo T, EARNKICRY 5 REEHEROE Lctvity curve)id, BE,H
22 RS ER. B Ehied A DS ABRZERZ EICh o THRIRT 2 HWIEIC £ OB
{1t % (orbital evolution)2 > DBEOE WA B > TS, activity curve 2 BHI» HWET D Z L ABE
TdHD.

HEOHBHZBE L LHX AL LTIR. V4 —BH L TVERIRHD. 19805/
OVv—F —gHlic X > TEBEHEB Oactivity SBE SR TWA2, fhORERICL —F —&#RT
5OIRBIERER L OX IS LW EDIBEN TRV, TVERIIREAOREDRKZHETEL0
CTHUERARTHIN. VERELHASNTVD LiZnET, ZhET (ZoRAHREhE
19%44E % ) IZTVEIBIIIZ X - Tactivity curve# EE ¥ Fe BEIZ 2 .

ZRIHLT. BEBRGEEOEBZLIEL T, BHELTHRTHD D, 19HEIELS
BEROBHELAVSNTE L, LALEYESL, BlRMETHDH, BEIRSE (ol LR
SO ER) - BREOAAZZTOIMIE L THEETE Dactivity curve 235 Z L BELWVW LN S
HEERH D,

L Db BOR1SER (1980-1995< 50 ik, £2EoT7 ~F 27 BlllE 0B REET LT
activity curve 2 KD k& 9 LT D RABEL RENTE . FOXOSRBALE-> T, BRFALEZS
Z DX FOEBETORIIC X - THEHUE 2EREDIEL & @) bhinwZ LFBP Lo
T&le, HAOBUEDOT—4ix, HEMREEDOMAZE perception) + HMEFROER D FEHHIET -
7t EOBIBHRDIBEEIC I0BRE L RN L, OEHIZES LTHIESDL Z Eithd,.

ZOWETIR., SR EROBE LT ~F 27 BHlEOT -2 28N git oz Licko
T. BHiTx5 (BALoBAOR SLEHIBOEZ T 5IC RS &\ 5 & Thomogeneous-¥
B-LWHEERMESTVD) activity curvezZ { OREENRERICOVWTHRET D Z L 2BME Lk,
B CEN R, B TT— 28R (Zof&l - BEREFAAE - BHAMEREOMIE) &
AL, DWTHELEZHRIZ L > TEHBEER DactivityZiR U 5, BB, ZOXS5KLTHRESR
#2535k ¥ Te activityd» b ik B E Dmass fux rate(fe & 21, #EkihE ETIPRBII¥ R F A%
—HTe V77 AOHREMENBRLEP L WIBWBRETS.

2. BKBE

Z OWRCHEH LI REBIZDOR110538FTHD. F 5 > & (Dutch Meteor Society: DMS)D10A &
Z—A b Z Y 7 (The North Australian Planetary Observers- Meteor Section: NAPO-MS)D6 A%, DX
44826 BRI L R THS. WA OBBIE DT — % idTable 1281
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TOBUTHS, BRIHREBERATDHE HD0iEF—7L 2 — X — B DR 2R
DHETRBRE L -,

T8 e NERBEHT S ebic, HENO BRL e h EMB Lo te) &, 7530 (&t
Lizhole) LEBAEFICUMT S5 L it ik L,

BTFRORD & 5 ic e R OB 20 L Lt BROMIEZIE LIcDT, BIEHR & Wi
EM?ébﬁmwﬁEﬁtﬁﬁtfﬁwéﬁok,%@&wmﬂ‘Eﬁﬁmmﬁmmor:&miﬁ
RINREBE S B Fe, Table 31z BMBENOBMT — & 2% L i,

3. BHNEROEMIL (normalisation)

WU REB & ZHRICER L THES 236 L, = ZTOZHRDEHIZ, [— A DML
(standard)B Bl DS BRI 2 &M TRIL - L& e INHICBHT S THA 5B . Ths, m
BRI LIk, BB S5 TN A ETEIL 55 L. Th3. Blllick-TthbhEp
DIRBBMABN & ZHRIZOHROBIUR IS D & LTUTF KEMEHEIZ YN TEET S,

3.1 BWERICLIHE

ROOZHRIZE, O3-Lyz gy DERLIR>TNWSE, Z 2 CTHRANRE L FiT. IR m %4
DETEEROFRE MRS D2RIZ. BMLm-1 SO ECx ] FRROWE R Z MR+ DRERIZ S L)
EWSZLTHD. LEEMoT, B—HL LT, i 52 0O %821 4% B (magnitude distribution
index) x ILFLL BT THD, ¥ ZHEOWIS SH15/IE< 723 T LB IT 50 %
RLUIEBHE (RQ) . kLzid, MERRICOVWTIEy =34 WS ESHE S h TS,

HHIL, ERODMIZ x L0 LRRNELRDE LR ENE L7, Fig. LITBAETR BB OLm
WIFtE R L. S8BIHIE 2 L ORE SRR 2 - LISTEDT, 1=y * 2% e 2BHIE
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Meteor stream activity. I[1I. Measurement of the first in a new series of Leonid outburst

PETER JENNISKENS
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Dutch Meteor Society, Lederkarper 4, 2318NB Leiden, The Netherlands
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(Received 1995 February 27; accepted in revised form 1993 September 20)

Abstract—In 1994 November, a shower of bright Leonid meteors signaled what is likely the first meteor
outburst of Leonids associated with the upcoming return of comet P/Tempel-Tuttle to perihelion.
Measurements of meteor activity and the meteor brightness distribution are presented. By comparing the
present observation with those of past Leonid returns, a forecast is made of the time, the duration, the
intensity, and the mean meteor brightness of Leonid outbursts that may occur if previously observed patterns
are repeated in the forthcoming years.
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FiG. I. Prafile of annual Leonid activity. This is a compilation of data from

Koscki (1993 = o), Jeaniskens (1994a = ), and Brown (1994 = &), The
ZHR valucs calculaled by Koscki and Brown are scaled to those of
Jenniskens by a factor of 0.37 and 1.22, respectively, and deviate in
absolule level because of different definitions of the standard observer, the
standard sky Hmiting magnitude, and a different correction for radiant

altitude dilution,

TABLE 1. Summary of Leonid activity curve paramclcrs.T

# Component Year Aomix ZHR 5. B X
(B1950) degrcc"
1*  Outburst narrow - main peak 1966 234,468 15 000 30+2 3.0
1969 234.567 250 0x2 e
1866 232.627 17000 J04£3 ~2.5
1867 232713 6000 EHEN -
2% Outburst narrow - background 1966 (234 468) ~130 =6 -
1866 2312.625 1000 6+0.5 -
LBGT 232713 350 605 -
{898 {233.46) 1100 4.1£10 -
1901 (233.46) 7000 3,506 3.1
1903 {233.46) 1400 35204 =23
3 Outbwurst broad 1994 visual 235182010 7513 1152030 2.5+03
1994 radar  235.22 2 0.03 - Lo=01 -
1961 2344401 -200 - 23
1965 234602  ~300 ~1.1 1.7
4 Annual-main peak 1949-02 234901 B2 0.20+£004 3.0x04
5 Annual-background 1849-97 (234.9) 541 B 0,035+ 0,006 -
B™ 0.05%003

T For cach Leonid aclivily curve component detected at a given date, this Table gives the solar

longitude of peak activity {25

o )inequinox BL950, which equals 12000 - 0.698°, the peak rate

ZHR ., the stope B = diog(ZHR) f ddg. and the magnitude distribution index y.
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ABLE 2 . Summary of visual observations
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shows

ZHRA

e PR S e W |

(§T), Grau ¢e Cauviello, Sp
=3 6W 27N

ohserved Leanids and Sporadics, the
Zenith Hourly Rale,
T The visual observers are(in alphabetical order): Valentin Grigore (VG), al Targoviste, Rumania
+25.55,45.0N), Peter Jenniskens (P5), Mouniain View, California (-122.0W,+37.2N), Roberl

i {—116.7W 32.8N), Francisco Reyes Andres (FR), Murcin,
Spain (+011E,#38.0N), David Swann (D35), Carrolltan, Texas (-96.9W 433 0N}, Josep Trigo
a (+00,0E +30.0M), and Daniel Verde (DV), Gran Canaria, Spain

Lunsfard (BL) Son Diego, Cabiforn

the zanual activity from Fig 4

plion, the observer code and the calculated

rly rates of
d curve

ur A dong T C.. Observer! T "
(hr)  BI930 (hﬂ ' h') ‘}u[[ moon
17 232949 075 60 56 (8.2 0.7 -3 )
32,894 175 70 3.7 16.3) 0.7 J vl & e
%J 181 EE ;? 3 I[(3] 12 = 10 219 }\xio i< 0—1«{[ ), SPor‘adr(}
7 234244 1.00 a0 34[5.7] 1.2 e .
712,00 234286 100 62 5.413.7) 1.2 &5 . - F / . --;/ C
71300 234328 100 3 5.5 [5.6] 12 =7 P““ RIS Airs Viswel . ODS.
8 01.00 234,832 1001 a1 4.0 [5.4] it £ 13
§ 0220 234.833 106 51 50057 I + 9| o7
8 0342 234934 102 63 S015.7) LI + 1 B Ty | & ey ,
§ 0350 231938 031 51 a015.1] i3 =13 =227 ) 7«/\ b o 0D ﬂ
04,00 234962 (.32 58 33[51] 13 + 19
§ 0442 234973 032 6l 3.8(3.2) 13 19
4 04.83 234897 056 66 4.0(5.3] L3 =8
# 0377 233.033 043 GO 5.9 1:6 = 30
g (630 235035 0352 706 3.9 1.0 *:20
] 10.77 2352343 100 63 4.5 1;1 * 17
5 137 235285 LDO Ta 4.5 1.1 71T
1275 235320 030 G4 3.1 0 10 + 25
13,45 235343 023 6 3l 010 3+ 28
5 FEl 2asass 027 71 3y 1 1.0 49 = 22
13.84 233372 038 73 B Zz 1.0 33 =28
03,75 235937 097 34 31 [57) 3 1.3 1545
04,22 235976 030 61 5.1 [5.7] | 0.7 32+ 19
04,73 235988 040 66 5.1 [%:7] 1 07 838
S 0312 236014 040 (Y L bR 1 0.7 i)
05,73 236.040 030 73 5.3 [53.9] { N 32216
4 09.70 236207 040 30 36 2 1.0 134
.50 236240 097 D] 5.6 4 1.0 Bx3
11.50 236283 0.57 5l 5T ¥ [y 6 =7
1238 236320 093 61 3% 38 2 [ 1.0 5 x4
03.00 237.018 083 68 33 4.7[3.5] 3 g 07 19 = L1
03.75 237.050 050 73 26 49[53] O 0 o7 {5
16,67 237.257 097 41 65 5.5 2 3 1.0 %7
11,77 237303 110 54 3 56 10310 9§ P vl credtEin e a! é :
1095 239289 0.9 4 71 58 ¢ o510 03 Oyt scatien & Vadio 005
11,78 239323 0.62 34 68 39 0 4 1.0 0%4
24.95 219 B2 MR 574 b
* The columas list date and time, solar longitude (51950}, effective observing lime, pereent- i l‘
ace cloud cover, radiant altitude, altiude of the Moon, sky Hmiting magnitude, number of 20004 )
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F-IG{ 3. Hourly rates of radio reflections. Data by L Yrjoli, Kuusankaski
Finland (<), and M. Dec Meyere, Deurle, Belgium (o). ; Upper cur\\"'
represents the 1994 data while the bottom cur\'chrcprcscnls the 19593 dala“
Dalln Elay De Meyere are scaled to those of Yritis by a faclor of four ’ D:ti,':,;
variations in l!'u: sporadic background and the radiant pasition case the
sinusoidal variation.  The dashed line is a mean sporadic hackesound
derived from averaging sporadic activity before and after the ev:m.:\'rjnl.‘j
Ips:dl a two-clement Yagi antenna, aimed at the horizon at azimuth 45°
(SW), a narrow band FM receiver, and listened to the transmitted powc.’-at

87.360 MHz by German radio stations. Meteor reflections that raised the

ouipul signal >—122 dB were fed in binary form in a T-1000 SE computer,
Rcf‘.r:cuur‘._ralcs are the number of sueh triggering cvents per one hout
interval. De Mevere

Halened at 617 MHz te radin statinne in Priand wint
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TABLE4. Prospeets for near future Leonid outhursts T

— o Re—t gl | e SO S i it A

Year A ZHR i X Duration Dale Time  Location  Moon VAN AP tﬁj}ij \{;‘ T o EE—’ oy
(1930.0) [hours) {hours UT) % age :
g T e Yo e

1994 23522+ 0,04 8515 2] 0 Nt mel Busa o s MR (R ¢ TR
1995 2352 0.t =30 2.0 20 MNov, 1§ 16+3 Pacific 0.2 26 4 %
1996 2351 £ 0.0 =100 1.9 20 Mov. 17 20=*3 Japan g3 9
1997 2349+ 0.2 -200 1R (3.0) 20 (D7) MNov.IT 21 %6 Japan 09 18
1995 234.64 = 0.05 ~10000 3.0(1.9) 0.7(20) Nov. 17 21 =1 Japan 00 28
1999 23475 £ 0,15 -5000  3.0(20) 0.7 (2 Nov. 18 (O6=4q E.USA 0.7 9
2000 2350 203 -100 2.0 (3.0) 20 (0.7) Nov.17 18=8§ 0.6 H
2001 2352 = 0.3 =100 2.1(3.0) 20 (0.7} Nov. 18 ~03 0.1 3

T This forecast is based on the assumplion that previousty observed patterns will be repeated.
This table lists the solar longitude of peak activity (2. 5% Y in equinax B1950, which cquals

J2000 - 0.698°, the peak rate (annual + outburst combined), the duration, as well as the most favor-
able time and place to observe the event. The Iass column gives the Traction of the Moon that is

Hluminated (%) and the aze of the Moon in davs al the peak of the stream

TasLE 5. Forecast based on theoretical model calculations.

Reference:® [1] 2 [3]

Year r i P i F B ZHER .
1997 234 869 = 23401 1000
1998 234.897 rich - 23400 10000
1995 234.923 rich 234.39 weak 234,10 100 000
2000 234.935 may berich 23337 moderate 234.09 1000
2001 = 235.77 very inlensce -

2002 = 236.19 very intense -

* Data by [1] Terentyjeva (19%91), [2] Kondr
[3} Kresak (1993); while Brown and Jones

vearard =234 40

d Reznikov {1983), and
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Abstract-In 1994 November, a shower of bright Leonid meteors signaled what is
pcoming return of comet P/Tempel-Tuttle to perihelion,
the meteor brightness distribution are
present observation with those of past Leonid returns, a forecast
intensity, and the mean meteor brightness of Leonid outbursts that m

outburst of Leonids associated with the u
Measurements of meteor activity and

are repeated in the forthcoming years.

likely the first meteor

presented. By comparing the
is made of the time, the duration, the
ay occur if previously observed patterns

INTRODUCTION

In 1994 November, a meteor outburst of Leonids was observed
that may signal a series of such events in the coming years. A
meteor outburst is defined as a significant enhancement of rates over
normal annual activity and is thought to be caused by relatively
recent cometary ejecta, providing information on the ejection
process of large grains and the orbital evolution towards a meteor
stream. Dedicated observations of meteor outbursts have been rare,
however, due to their irregular nature, Hence, a new series of
Leonid outbursts carries a promise of opportunity.

Among all historic outbursts, the Leonids are of special interest.
It was the Leonid meteor storms of 1799, 1833, and 1866 that
marked the beginning of meteor astronomy (Lovell, 1954; Hughes,
1982). The discovery of the radiant in the constellation Leo, and a
conspicuous 33.25-year recurrence, made it clear that meteors are of
extraterrestrial origin and composed of cometary debris.

The Leonids are also special because the orbit of parent comet
P/Tempel-Tuttle is relatively stable, and the stream has produced
intense meteor outbursts at nearly every return to perihelion, at least
back to 902 A.p. This allowed Yeomans (1981) to uniquely map the
distribution of dust near the parent comet, showing that most matter
is found behind the comet and outward from the cometary orbit. At
present, the Leonids are the stream with highest maximum meteor
rates, quoted to be as high as 150 000 meteors per hour during the
meteor storm in 1966 (Milon, 1967). Although that estimate may
be off by a factor of 10 (Jenniskens, 1995), the Leonids at their
maximum still offer the best, and perhaps only, opportunity for a
dedicated study of a meteor storm.

Previous papers defined normal annual activity (Jenniskens,
1994a} and summarized available observations of metear outbursts
(Jenniskens, 1995). This paper revisits normal off-season Leonid
activity and presents observations of the new 1994 outburst. The
result is compared to the outbursts reporied during the previous
return in 1965,

THE OFF-SEASON ACTIVITY

In the off-season (ie., between the return of the comet), the
normal annual Leonid activity has remained fairly constant from
year to year. Apart from a few poorly documented exceptions, the
reported rates (e.g., Roggemans, 1987) varied by no more than a
factor of two since 1969 when the last-well documented Leonid
outburst was observed. This is consistent with the rates reported
between 1935 and 1960 (Kazimircak-Polonskaja et af., 1968).

There has been no report of a gradual increase of annual activity
while the comet approached perihelion in the past few years, in

agreement with the behavior of the Perseids prior to and during the
return of P/Swift-Tuttle in 1992. This confirms the relevance of
distinguishing between normal annual activity and meteor outbursts.

Figure 1 is an average annual Leonid activity curve for the
period 1949 to 1992, The x-axis gives the position of the Earth in
its path in units of degrees of solar longitude. The y-axis gives the
meteor rate in units of Zenith Hourly Rate (ZHR), which is
proportional to the meteoroid influx. The diagram is composed of
data by Koseki (1993), Jenniskens (1994a), and Brown (1994),
obtained from observations in the years 1949-1970, 1981-1991,
and 1987-1992, respectively. The agreement in profile shape is
excellent.

This zenith hourly rate profile can be described with a small
number of parameters, which allows a comparison with other
activity profiles. The profiles of the major annual meteor streams
are usually well represented by one or two components of the
exponential form (Jenniskens, 1994a):

Bl -5

ZHR = ZHR Eq. (1)

where ZHR,,,,, B, and & 5™ arc free parameters. The Leonids need
a two-component fit with a narrow main peak and a broad
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FiG. 1. Profile of annual Leonid activity. This is a compilation of data from
Koseki (1993 = o), Jenniskens (1994a = @), and Brown (1994 = A). The
ZHR values calculated by Koseki and Brown are scaled to those of
Jenniskens by a factor of 0.37 and 1.22, respectively, and deviate in
absolute level because of different definitions of the standard observer, the
standard sky limiting magnitude, and a different correction for radiant
altitude dilution.
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background. Values for each parameter are listed in Table 1. These
values are an improvement on those given in Jenniskens (1994a).
This fit to the annual activity curve will be used as a baseline to
which anomalous Leonid activity is compared.

A NEW LEONID OUTBURST

The author was fortunate to be among observers that witnessed
an outburst of Leonids on 1994 November 18 (Jenniskens 1994b).
Several bright meteors made the event most impressive. Unfortu-
nately, no attempt was made to obtain multistation photographic
data after a failed attempt due to bad weather the night before.
However, visual and radio meteor-scatter observations have become
available from other parts of the world that confirm the occurrence
of an outburst. These data have now been analyzed, and results are
presented below,

The Observations

The visual observations are not abundant because of interfer-
ence by a nearly full moon. In 25 hours of effective observing time,
219 Leonids and 82 sporadic meteors were recorded by seven
observers located in Rumania, Spain, and the USA (Table 2). Raw
data are from Josep Trigo, Daniel Verde, Francisco Reyes Andres,
Robert Lunsford and the author, which were kindly made available
for further analysis, while additional data of David Swann and
Valentin Grigore come from Brown (1994) and Grigore (1995).
There is no individual series of counts that cover a significant part
of the activity profile such as the data discussed in Jenniskens
(1995). Therefore, the analysis of the observations depends on the
fact that these were experienced cbservers with a well-established
observing history,

The visual observations are complemented by results from two
radio forward meteor scatter observers in Europe. L Yrjsld in
Kuusankoski, Finland (26E,+60N), kindly provided counts of radio
reflections for further analysis. Similar data by M. De Meyere,
Deurle, Belgium (5E,+50N), are given in Steyaert (1994).

TABLE 1. Summary of Leonid activity curve parameters.’

MES- 087

P. Jenniskens

Radiant and Mean Brightness

The visible meteors radiated from a point in the head of Leo at a
=150.6 + 1.8, 8 = +21.3 % 1.2 (B1950). This median value was
derived from a small number of 14 meteors seen <30° from the
radiant and plotted on star charts by the author in the night of
November 17/18 and 18/19. Depending on how well the meteor
could be placed on the star background, each entry was given a
weight factor. The error margin reflects the Io plotting accuracy
and not the intrinsic scatter of the radiant. The position is perhaps
slightly off from that of the Leonid storm in 1966, when the radiant
was a = 152.5, 8 = +21.3, at a moment earlier in time by 1.3° solar
longitude.

A relatively large number of bright Leonids were seen. The
observed magnitude distribution N(m) of several observers are
given in Table 3. This distribution is affected by moonlight and
observer perception. The true meteor distribution n{m) is equal to
N(m) divided by some detection probability function P(m). The
physically relevant parameter is the magnitude distribution index s
defined as (Kresakova, 1966):

v = n(m+1) Eq. (2)
n(m)

which relates to the mass distribution index s ~ 2.5 log(¥) + 1, and
which can be derived from the observed magnitude distribution

N(m), because:
N(m) = n(0). P(m). " Eq.(3)
I have analyzed various combinations of data in time intervals and
in units of similar sky conditions in order to find the value of ¥ from
the sparse observations. I have used the probability function P(m)
of Kresakova (1966) as a mean for all observers, allowing for a shift
of the function proportional to the observed decrease of sky limiting
magnitude.  Alternatively, I have used P(m) derived from my
distance of center of vision estimates (Jenniskens, 1994a) to correct
my own observations. In addition, ¥ was derived from the distribu-
tion of bright meteors, where P(m) is close to 1, and by comparing
the rate of observed Leonids and sporadic
meteors as a function of magnitude, where

P(m) is assumed to cancel out.

# Component Year Agme ZHRpa B i x I find that y of the Leonids is in the range
(B1950) degree” 1.7-2.1, while the sporadic value is in the
I*  Outburst narrow - main peak 1966 234468 15000 302 39  'enge 2.5-3.0. No significant variation with
1969 234567 250 30+2 30 time ccu‘ld be dt:.termmed, because of a lack of
1866 232.627 17 000 30+3 2.5 observations prior to and after the outburst.
1867 232,713 6000 30+6 = On a scale of ¥ = 3.4 for sporadic meteors as in
2* Outburst narrow - background 1966 (234.468)  ~150 ~6 - Kresikova (1966), the result is y = 2.1 + 0.3
1866 232.625 1000 620.5 = for the Leonids. Hence, the Leonids were
{gg; (2.’,3323;741(% 1313000 § ? i ?3 = brighter on average than the annual Leonids,
1901 (533:46) 7000 35406 1.1 for which ¥ = 3.0 = 0.4 in off-season years

1903 (233.46) 1400 3504 ~2.5 (Kresakova, 1966).
3 Outburst broad 1994 visual 235.1820.10 7515 1152030 21203 Support for the conclusion that the
1994 radar 23522003 - 1.0+0.1 = Leonids were brighter than usual comes from
1961 2344+ U,; ~200 - 2.% the radio forward meteor-scatter data. Auto-
4 Annual-main peak 191499‘l592 %gig . g:T 83‘:02 0,20210_04 3.01£ 0.4 matic counts by Yrjold show the mean meteor
X 5 reflection duration, defined as the time that the
2 Amaual-backeround S (sl et g 00032:83(3)6 0 recorded intensity is above a threshold value,

T For each Leonid activity curve component detected at a given date, this Table gives the solar
longitude of peak activity (. 5™ ) in equinox B1950, which equals J2000 - 0.698°, the peak rate
ZHR ,, the slope B = d log(ZHR) / dl,, and the magnitude distribution index y.

* Results from the narrow outburst component are from Jenniskens (1995).

to be longer during the Leonid outburst (0.81
+ 0.08 s) than for any of the annual streams
observed with the same equipment (0.28-0.46
s). A similar excess of long duration echoes
was detected by Bus e al. (1994). From the
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mean duration of reflections, in comparison to those of other
streams, I surmise that the typical radio reflection during the
outburst was from a +2 to +4 magnitude Leonid, while the detected
sporadic meteors are typically of order +5 to +7 (McKinley 1961).
Hence, the radio system monitors nearly the same mass range of
meteoroids as seen visually,

Leonid Rates from Visual Data

The visual meteor counts (N, /T, listed in Table 2 are cor-
rected for radiant altitude dilution, observer perception, and sky lim-
iting magnitude resulting in a zenith hourly rate (Jenniskens, 1994a):

N bglentt 2t MORGD
ZHR = —Leo yLm=63 ¢ 1 gipp y~7
eff

Eq. (4)

TABLE 2 . Summary of visual observations,*

MSS-DETY
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I adopt y = 1.4 as in Jenniskens (1994a), % = 2.1 during maximum,
and y = 2.4-2.8 on the nights before and after maximum. For the
observations of Josep Trigo and Daniel Verde, I allow for a
correction for the fraction of cloud cover (f,): ZHR_=ZHR /(1 -
f). The total correction from an observed rate to the zenith hourly
rate amounts to a factor 3-5. Error bars show the statistical
uncertainty only (i.e.,, ZHR = ZHRAN N, with N being the total

number of observed Leonids). =
Mean ZHR values per observer per night are shown in Fig. 2. A
dashed line gives the level of annual activity from Fig. 1. It follows
that the rates were significantly higher than this for three
consecutive days. By assuming a symmetric curve as Eq. I for the
excess outburst component, 1 find that the outburst component
peaked on 1994 November 18 at 9.3 + 2.5 hours UT, and the
effective (2x €™') duration of the event was 18 +

5 hours (Table 1). Systematic uncertainties duc

]'\3)9‘,4 (erJ)T ‘113011905“65 (Theg f,%l h{; mog“ :r];a?;n. Nieo Nspo € Observer? fhi[_ff) to observer perception (Cp) and !imiting~ magni-
= tude correction (Lm) may amount to a factor of

16 04,17 233040, 075 04 160y ISwvastea) bzors o PR s up to +1.7 in ZHR, and a factor of +1.1 in B.
16 0531 232987 075 0 70 =R raF63) ik d 07 FR 3+£3 The systematic errors are due to uncertainties in
17 09.50 234,181 125 0© 3Ly SALSShLIEEL 8 12 BL 2540 observer perception (Cp) and limiting magnitude
17 11.00 234244 100 0 50 30 54 [§,7] N TR 2 M AEEs (Lm) correction. The Cp is based on previous
i; :igg ijgfg ;gg g ?g [g j;‘ %2;} lj 3 f; EII: 212 f g work of the observers in 1993 and 1994 and has
18 0100 234832 L1I' 0 41 40 40[54] 14 4 11 VG 4713 a0 uncertainty of 2l e tnoeitainnein g
18 0220 234883 106 0 53 28 5.0(57) 17 4 11 VG 36+9  introduces an uncertainty of <50%. The uncer-
I8 0342 234934 102 0 63 16 50[57] 35 2 11 VG 67%11 fainty in the limiting magnitude correction
I8 0350 234938 031 012 51 33 40[51] 8 0 13 JT 79+28 depends on the cotrectness of an evaluation of
16 04.09 234962 032 022 58 27 33[51] [ 5°°0 13 IT 43+ 19 the sky limiting magnitude estimates, which are
18 0442 234975 032 022 61 23 38 [52]) 416 B 1.3 "Ir 46 £ 19 somewhat observer dependent and could intro-
llg 3433 ;i;ggz gig ggg gg }; ‘5‘2 [a) 4 : ;g JDTV ég * ga duce errors of up to a factor of four. Hence, the
2 e 1 i 2 ; 2 result is most sensitive to the evaluation of the
e R
18 1177 235285 100 0 74 14 45 15 4 11 DS 4x17 Andres has systematically lower limiting
18 1275 235320 030 0 64 24 57 5 0 10 PI 55x25 magnitude estimates than the author by 0.6
18 13.15 235343 025 0 68 19 51 5 0 L0 P 63x28 magnitudes. Josep Trigo usually reports similar
18 1351 235358 027 0 .15 52 5 1 10 Pl 49+22  limiting magnitude estimates as the author, but
18 13.84 235372 028 0O T 12 53 9 2 L P 83 + 28 now he reports very low values in the night of
ig gi;; gggggz ggg g ;‘; ;g ?{ {553% g ? ég JFFI}; 3‘; 5 ?9 the outburst, in spite of an otherwise clear sky

; : ; S.1[5. ; * ; :

19 0473 235998 040 0 66 28 S.1[s7] 1 1 07 FR gxg  ootween clouds) while there was no haze.
19 0512 236014 040 0 69 24 S1[s7] 1 1 07 FR 7x7  Hence his Lm values are increased so as to
1970573 236040 030 0 73 17 53(59] 4 0 07 FR 32416 correspond to a clear sky with some moon and
19 09.70 236207 040 0 30 66 56 TR s b 13+ 13 city light. The relatively large number of spor-
19 10,50 236240 097 0 39 89 56 208 94 Pl 8+5 adic meteors reported by Valentin Grigore
19 11,50 236283 097 0 51 48 57 (T e TR | 16 = 7 similarly suggests a higher limiting magnitude
19 1238 236320 0.75 0 61 38 58 T R I RS 5+4 than given. David Swann, however, has prev-
20 05.0(—) 237.018 0.!}5 0 68 35 47[53] 3 0 07 F_R 19+ 11 iously reported high values of Lm during full
Sl T TE e wom bao e
20 1177 237303 110 0 54 54 56 3 9 18 P 9+ 5 ing magnitude estimate is taken at face value.
22 1095 239280 005 0 44 71 59 0. 5 - lo- B 0+3 The author observed from downtown Mountain
22 1178 239323 062 0 54 68 59 0ulii4t SIp by 0x4 View, California, on November 17/18. Consid-
Total: 24.95 219 82 6 erable effort was made to make a good estimate

of the limiting magnitude during the observa-

* The columns list date and time, solar longitude (B1950), effective abserving time, percent-
age cloud cover, radiant altitude, altitude of the Moon, sky limiting magnitude, number of
observed Leonids and Sporadics, the observer perception, the observer code and the calculated

Zenith Hourly Rate.

tions, and the result was compared to that at a
darker site outside town on the next night.

Leonid Rates From Radio MS Data

The visual observers are(in alphabetical order): Valentin Grigore (VG), at Targoviste, Rumania

(+25.5E,45.0N), Peter Jenniskens (PJ), Mountain View, California (=122.0W,+37.2N), Robert
Lunsford (BL), San Diego, California (~116.7W,32.8N), Francisco Reyes Andres (FR), Murcia,
Spain (+01.1E,+38.0N), David Swann (D8S), Carrollton, Texas (=96.9W +33.0N), Josep Trigo
(JT), Grau de Cautello, Spain (+00.0E,+39.0N), and Daniel Verde (DV), Gran Canaria, Spain

(-5.6W,+27.7N).

The rate of radio reflections recorded by
Yrjold and De Meyere during the Leonid
outburst are in good agreement, in spite of a
different frequency and observing geometry.
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TABLE 3. Magnitude distribution of Leonids and Sporadic meteors.

MES-0 &Y

P. Jenniskens

value of the three parameters HR,,,, B, and . "% . A weighted

mean is derived from all hours of the day when the radiant is
above the horizon. I find a maximum on November 18, 10 = |

19945 5ol g A Sy 0 1 2 3o - 5 lm  OBS
Nov.

16 Dl 00 DR I 10 1 0 [62] FR
17 0 0 1 SR ) 1 Baen latili 980 1545 BL
18 Q5 e BES  E T a 1 0 [5.6] GV
18 1 2 Jind 24 I 175 jgetg S Sy SO S5y fp

18 0 110 1 1 25 SBHERN 30) JAGREGSSEsg
18 0 0 e I | Isne 2 Revdsadzsy i0dmesi2. By

19 e ES o S e e L 08¢ [57) ER
19 L VR R L 1 el B ) 1 3 1 2. 57 PI

20 e L | 0 0 o0 e R R TN () BN (o BT

20 Ol Qe o205l 1] 0351 QIR0 1 0 [53] FR

Total | LoiS {18522 S2012TRE30N agekiig Leonids

- DENENQN0 gEv Qi JGS o, S SRR 1 1 0 [57] ER

17 O gl S0E 2] L s S0 SEmaoiet sy 1 54 BL

18 0 0 a0, C0R D s aeh i3ty 19 g [5.4] GV
18 ISR Ao 3 Ty YR 1 Dl i L Qi8R

19 L 1 e 1y oS o (e o B T e

20 OmibBas 0f - QRiEgINEn IS RRAREIN G oy 1 58¢ P

Total 0 0 0 | 1 ‘L) R b A R | 2 Sporadics

h UT, and an effective duration of 21 + 2 h (Table 1), in good
agreement with the visual data. The comparison is made in Fig,
2, where the radio rates have been corrected for the mean
observability function (the ratio of observed rates vs. true rates
according to Eq. 1) and scaled by a constant factor to the visual
zenith hourly rate, assuming that the meteor scatter data contain
no contribution from the annual Leonids. Because visual and
radio meteor-scatter data represent approximately the same
particle sizes during the outburst, a good agreement in time of
maximum and slope is not unexpected.

PREVIOUS RETURNS
When Did The Leonids Wake Up?

Following recognition of the first Perseid outburst in 1991,
the presence of an outburst component of Perseids could be
traced back several years before perihelion passage of the

The radio reflection rates were significantly above the sporadic
background in three consecutive days at times that the radiant was
above the horizon (Fig. 3). This pattern differs from that obtained
during Aurora, the main cause of interference, which typically
causes a number of sharp spikes. Hence, the raw radio MS data
confirm the meteor outburst as well as the long duration of the
event. The recorded rate of Leonid reflections is surprisingly high,
given that the annual Leonids are barely detected (see 1993 data in
Fig. 3). This may reflect the higher abundance of bright meteors in
the outburst as compared to the annual activity.

The radio reflection counts can not be directly transferred into
an influx rate proportional to zenith hourly rate because the
observability function is not known. However, it is possible to use
the fact that the detection efficiency for meteors of a particular
stream does not vary much at the same time of day for a period of a
few days. By imposing a rate evolution as in Eq. (1) with a
symmetric curve B" = B, the excess hourly rate over sporadic
meteors at the same time during three consecutive days determines a

100q
ZHR ]
] Leo
10
ary £+
- L +-
1 s S o
Ef+ ¢¢Q'4¥4 +
1+ 1994 kel
L B B L B s i e
232 233 234 235 236 237 238 238 240
solar longitude  (1950.0)

FIG. 2. Profile of the 1994 Leonid outburst. Corrected hourly rates of
visual ( O ) and radio forward meteor scatter data (+). A dashed curve
shows the annual activity from Fig, 1.

parent P/Swift-Tuttle, albeit at a weak level of activity
(Lindblad and Porubcan, 1994; Simek, 1995). Recently,
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FIG. 3. Hourly rates of radio reflections. Data by L Yrjld, Kuusankoski,
Finland (-), and M. De Meyere, Deurle, Belgium (0). Upper curve
represents the 1994 data while the bottom curve represents the 1993 data.
Data by De Meyere are scaled to those of Yrjsl4 by a factor of four, Daily
variations in the sporadic background and the radiant position cause the
sinusoidal variation. The dashed line is a mean sporadic background
derived from averaging sporadic activity before and after the event. Yrjbli
used a two-element Yagi antenna, aimed at the horizon at azimuth 45°
(SW), a narrow band FM receiver, and listened to the transmitted power at
87.360 MHz by German radio stations. Meteor reflections that raised the
output signal >~122 dB were fed in binary form in a T-1000 SE computer.
Reflection rates are the number of such triggering events per one hour
interval. De Meyere listened at 66.17 MHz to radio stations in Poland with
a four-clement Yagi at azimuth 270° and elevation 30°.
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Belkovich et al. (1993) checked for increased Leonid rates prior to
1994 from visual observations and found that the combined Leonid
activity in 1992 and 1993 may have peaked already 2.5x higher
than annual. However, those observers that reported high Leonid

rates in 1993 November (Konsul and Shahin, 1994; Garrailov and.

Chakarov, 1994) also reported high sporadic rates (when given),
while other observers saw normal annual rates at the same interval
of solar longitude (Langbroek, 1994). Hence, the visual data do not
conclusively prove enhanced rates in 1993,

Radio meteor scatter data exist for 1993, although these are
contaminated by Auroral propagation (Fig. 3). After removing the
narrow Auroral spikes, there is no sign of a similar broad outburst as
in 1994 with peak rate higher than ZHR ., = 10, in agreement with
the visual data.

The Encounter Geometry of the 1998 Return

The large number of documented historic Leonid outbursts
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allowed Yeomans (1981) to construct a map of the dust distribution
near the comet, a version of which is reproduced in Fig. 4. The
figure's vertical axis is the minimum distance to the comet orbit
during an encounter (in astronomical units), while the horizontal
axis is the time (in days) between the moment that Earth and comet
pass this point. Dark dots mark those historic encounters that
suggest a short duration event by giving a reference to a particular
time in the night or to large numbers of faint meteors {Imoto and
Hasegawa, 1938; Tian-shan, 1977; Hasegawa, 1993). Open circles
in Fig. 4 show the encounter geometry for other possible outbursts
after 1994 during the forthcoming return of the comet, the 34th
since 902 A.D. The comet is due at perihelion on 1998 February 28,

Comparison with the 1965 Return

The 1994 outburst occurred 3.3 years before perihelion passage,
at a point close to the location where in 1961 the first meteor
outburst was detected (Fig. 4), but this time, the Earth passed 7 x
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10° km further outward from the comet orbit. From the duration of
that outburst, it follows that the extent along the Earth's path was
some 2 x 10° km. If that dust is spread out at least as widely
perpendicular to the Earth's path, which is likely, then the dust
component encountered in 1994 is the same as that responsible for
the outburst in 1961,

The 1961 outburst and others during the previous return are
described in Mclntosh and Millman (1970). Radar and visual data
are reproduced in Fig. 5. By taking into consideration that the
Canadian observations cover only part of the full range of solar
longitude, we can only be certain that enhanced meteor rates
occurred at solar longitude 233-235 in 1961, at solar longitude
233.8-236 in 1964, at solar longitude 233-235 in 1965, at 234.2—
234.7 in 1966 (the meteor storm), between 234.7 and 236 in 1968,
and possibly between solar longitude 234 and 235.5 in 1967.
Visual rates at solar longitude 234.1 may have been too high in
1963. The visual rates, however, are uncertain because no limiting
magnitude correction was applied, and the data are a very hetero-
geneous sample.

Most of these high rates seem to refer to a broad outburst,
extending over a period of two days. Assuming that the reported
radar rates are proportional to meteor influx, the increasing slope of
the 1965 profile suggests B ~ 1.1, which is similar to the slope
found in 1994. The radar data still contain an instrumental
azimuthal or time-of-day. dependence, suggested by the curved
shape of most daily variation of rates. This effect was taken out by
deriving an approximate response function from the radar detections
in the off-season years 1958-1960, assuming that the rates did not
vary much during the day in those years. The result after correction
is plotted on a logarithmic scale, as before, in Fig. 6 and can be
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FIG. 5. Radar and visual Leonid rates during the 1961-1968 return. Data
by Melntosh and Millman (1970). Leonid shower rates for echo durations
longer than 8 s were determined by subtracting an average, non-shower,
background count from the total count and correcting for radiant elevation
using a simple sine function and are normalized to a radiant elevation angle
of 30°. Numbers indicate the corresponding mean visual rate of six
observers between 0 and 6 h LMT at Springhill Observatory. These values
are ~2-3x the ZHR, given that the observed mean annual Leonid rate is
10-30.
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compared to the raw data in Fig. 5. Dashed curves give the possible
position of broad outbursts. These events are found to peak at 233.9
0.2 (1961), 234.4 + 0.1 (1964), 234.0 + 0.1 (1965), 234.6 + 0.2
(1967) and 235.2 + 0.1 (1968). If I assume that the duration of
these meteor outbursts was always the same as in 1961, 1965, and
1994, and the activity curve followed Eq. I, then the peak rates
based on the visual activity from 1961 onward are ZHR . ~ 200, 0,
20, 120, 300, 0, 100, and 100 meteors per hour in excess of annual
rates, respectively. There is information on ¥ from radar data for
two of these outbursts, both suggesting an abundance of relatively
bright meteors: y = 2.3 in 1961 and 1.7 in 1965 (McIntosh and
Millman, 1970). Hence, these events were similar to the outburst in
1994, both in duration and mean brightness. Although the 1967 and
1968 data suggest a broad dust component, it is not certain that
these consisted of similar bright meteors.

The 1966 meteor storm was exceptional in that it was more
narrow (B ~ 30; Jenniskens, 1995) and consisted of relatively faint
meteors with y = 3.0 (McIntosh and Millman, 1970). Another
narrow outburst of faint meteors was observed in 1969 with a sharp
maximum between 234.5 and 234.62, which is not shown here
(Millman, 1970; Porubcan, 1974).  There is also a narrow
component of faint meteors in the profile of 1965 at solar longitude
234.7. MclIntosh and Millman interpreted this feature as due to a
gradually changing ¥ over the profile but did notice a marked
irregularity in rates. In view of the previous results, the more likely
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FIG. 6. Radar rates of Fig, 5 corrected for instrumental azimuth dependence
and plotted on a logarithmic scale, Dashed lines guide the eye for the
possible annual background and the occurrence of meteor outbursts.
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Measurements of the first in a new series of Leonid outburst

interpretation is that of a composite of two unrelated dust
components. The narrow component of faint meteors is at Al, =
+0.47° after passage of the comet node, while the broad component
of bright meteors peaks at Al, = —0.32° + 0.08° before the node,
causing a double peaked activity profile. Other such narrow
outbursts may have occurred, but the Springhill radar did not cover
the relevant interval of solar longitude in 1967 and 1968. The
extent of this component, what seems to be a dust sheet, is mapped
in Fig. 4.

These two dust components, one narrow and intense with many
small meteoroids, the other broad and less intense with mainly
bright meteors may represent different stages in meteor stream
evolution or different formation processes.

A FORECAST FOR THE COMING YEARS

How will these different dust components behave in near-future
returns when the parent comet P/Tempel-Tuttle passes perihelion?
Let us assume that the previously observed patterns will be
repeated. Such may well be the case, because planetary perturba-
tions were mild in the past few returns (Kazimircak-Polonskaja et
al., 1968). The 1994 event is an assurance that the assumption is to
some extent valid. The resulting forecast is given in Table 4, based
on the following arguments.

Let us first consider the broad dust component of bright
meteors. These dominated the events before, and perhaps also after,
perihelion passage in 1965 November. There were significant varia-
tions of the time of maximum and the peak activity, which may be
the result of planetary perturbations. The effect of such perturba-
tions on the distribution of meteor orbits was recently demonstrated
in a model of the Perseid stream by Wu and Williams (1993). The
main planetary cause of gravitational perturbation is Jupiter, and its
12-year orbital period causes a systematic shift of the pattern of
intersection points of individual orbits with the ecliptic on this time
scale. However, the predicted motion of the time of maximum,
which is a gradual progression to a later time, does not agree with
observations. Instead, the observational record of past meteor
outbursts often shows a progressive shift of the time of maximum
towards the comet's node before perihelion passage and a
progressive shift back after that (Jenniskens, 1995). The 19631968
outbursts are consistent with this, as may be the 1994 outburst. The
1961 outburst, however, is not consistent with this. Therefore,
while I surmise that the peak of activity (at 1, = 235.22 in 1994) will

TABLE 4. Prospects for near future Leonid outbursts. T
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shift towards the position of the comet's node at 1, = 234.58 while
approaching 1998 and will shift back in later years, it can also be
that there is a considerable scatter from year to year, The level of
activity in each encounter remains even more uncertain. In general,
the dust density is expected to increase closer to the comet, thus
enhancing the chance of encountering a richer stream. The 1994
return suggests that the peak activity will be of the same order of
magnitude as that in the previous series of events.

The Leonid storms are caused by a different dust component,
probably relatively recent ejecta, containing weaker meteors with ¥
=3.0. From the distribution of dark points in Fig. 4, it is suggested
that this component will be met again in 1998 and 1999. I assume
that highest rates will be in 1998 because the encounter conditions
in 1998 are close to those in 1866. However, either year could give
highest rates. The time of maximum is expected to fall shortly after
the Earth's passage of the comet's orbital plane (at 234.578) and
being progressively later in the years further away from the return of
the comet in 1998 (Jenniskens, 1995). A more accurate time of
maximum for the meteor storm may be obtained if this dust
component announces its coming by a smaller event the year before
the big storm, as in 1965. This could happen in either 1997 or
1998.

In Jenniskens (1995), I found that the narrow component of
faint meteors has a background to its activity curve with B ~ 6.
Little is known about the cause of this background, and its role can
only be speculative. However, this background is present in varying
relative strength, and it seems to become more important further
away from the comet orbit. This is shown by the three activity
curves shown as an inset in Fig. 4. This component did not play a
significant role during the previous return, except perhaps in 1965.
However, because the Earth will be further away from the comet
orbit in 1998 than in 1966, rates may be high for a longer period of
time than during the 1966 storm. Alternatively, the background
may reflect recent planetary perturbations, in which case the
background will remain weak instead.

It is clear that the forecast in Table 4 should be interpreted with
caution when planning future observations. These predictions are
not the result of modeling activity but rather assuming the Leonids
will do what they did in the past. That is a reasonable assumption
because of the absence of strong planetary perturbations since the
previous return. The present forecast could be given more confi-
dence with a theoretical underpinning provided by a dynamical

model. Table 5 summarizes predictions that
were made before based on such numerical

simulations. There is considerable disagree-

Year A ZHR oy X Duration Date ~ Time  Location Moon ment among the authors. The theoretical

(1950.0) {(hours) (hours UT) % age models are hampered by the unknown (time
dependent) : t i

1994 23522 %004 85+15 2.1 20 Noviis 10%1 E.USA 10,14 . cpendent) absolute dust production, of B/

1995 2352+01  ~30 2.0 20 Nov.18 163 Pacific 02 26  lempel-Tuttle, by unknown ejection mecha-

1996 2351 %01  ~100 19 20 Nov.17 20+3 Japan 05 7  nisms, and from limitations to the number of

igg; 223145‘2:8%‘ ;3%%0 éggg; %D?((gg)) EOV.H %: i? iapﬂn gg ég particles that can be modeled. However,

34.64 £0.05 -~ 01, : ov. + apan ; b ; -

1999 23475+ 0.15 ~5000 3.0(20) 07(20) Nov.18 06=4 E USA 07 o  >ecause of the continuous increase of comput-

2000 235003  ~100 2.1(3.0) 20 (0.7) Nov.17 188 0.6 21  Ing capacity, and supported by new observa-

2000 235205 ~100  2.1(3.0) 20 (0.7) Nov. I8 ~05 6.1 3 tions, such theoretical models may prove

T This forecast is based on the assumption that previously observed patterns will be repeated.

valuable in making more reliable predictions
in the near future.

This table lists the solar longitude of peak activity (& 5™ ) in equinox B1950, which equals

J2000 - 0.698°, the peak rate (annual + outburst combined), the duration, as well as the most favor-
able time and place to observe the event. The last column gives the fraction of the Moon that is

illuminated (%) and the age of the Moon in days at the peak of the stream.

SUMMARY AND CONCLUSIONS

During the off-season, the Leonids are a
moderately active annual stream with reported
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TABLE 5. Forecast based on theoretical model calculations.

Reference:* [1] [2] [3]
Wagei oo T e A Sl
1997 234.869 - 234.11 1000
1998 234.897 rich - 234.10 10000
1999 234.925 rich 234.59 weak 234.10 100 000
2000 234.955 may berich 235.57 moderate 234.09 1000
2001 - 235.77 very intense -
2002 - 236.19 very intense -

* Databy [1] Terentjeva (1991), [2] Kondratjeva and Reznikov (1983), and
[3] Kresak (1993), while Brown and Jones (1993) predict a maximum each
year at A, = 234.50,

All values of solar longitude are in equinox B1950,

peak activity varying by less than a factor of two in most years. The
activity profile consists of a narrow main peak and a broader
background, the shape of which has now been determined more
accurately,

No significant increase of rates was reported until 1994
November when an outburst of bright meteors was observed by
visual and radio meteor-scatter techniques. The encounter geometry
was similar to 1961, when the first outburst associated with the
previous return occurred. However, the time of maximum was Al
= 0.62° after passage of the comet node, while in 1961 it was A, =
0.5° before. The event confirms the existence of a broad component
in the P/Tempel-Tuttle dust distribution rich in large grains prior to
perihelion passage. This dust component may have been responsi-
ble for a similar outbursts in 1965. There is some evidence that
other such outbursts occurred in the years 1963 and 1964 and
perhaps also post-perihelion in 1967 and 1968.

The Leonid storms are caused by a different, more narrow (B ~
30), dust component rich in faint meteors (x =3.0). This component
was present in 19635, 1966, and 1969, with no data for 1967 and
1968. In 1965, both the broad and narrow component were
detected. The activity curve of the narrow component contains a
background of varying relative strength, with B ~ 6 and y = 3.0.

These features of Leonid activity curves may return in the forth-
coming years, because recent planetary perturbations have been
mild: A forecast in terms of the possible reappearance of each of
these dust components is given in Table 4. All values in this Table
include some speculation as to unknown properties of the dust
distribution and unknown effects of planetary perturbations,'which
warrant further theoretical and observational studies. It is hoped
that the 1994 event will mark the start of an international Leonid
watch, an all-out effort to learn more about these impressive natural
phenomena,
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Note added in proof: The Leonid meteor shower did return much as
expected in November of 1995, Early reports suggest that a broad shower
of bright meteors occurred centered at an early solar longitude A, = 234.65
* 0.10 (1950.0) with a peak rate 0f ZHR .. = 32 = 5 meteors per hour.
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2002 Leonid Prediction

The Total Number of Meteors in the Nov.18/19LT Night (untill sunrlse)
(predicted by Esko Lyytinen, et al)
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K 2002 Leonid Prediction
= The Total Number of Meteors in the Nov.18/19LT Night (untill sunrise)
(predicted by R.McNaught and D, Asher)
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2002 Leonid Prediction

The Maximum Number of Meteors in 10 minutes during Nov.18/19LT Night (untill sunrise)
(predicted by Esko Lyytinen, et al)
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2002 Leonid Prediction

The Maximum Number of Meteors in 10 minutes during Nov.18/19LT Night (untill sunrise)

(predicted by R.McNaught and D.Asher)
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L LEE 2006 4
Mikiva Sato
2006 fEICIEATALLEREHO 2B 1L (1932 FilH) D& iy
Ve e Ak (&)

2006 1. LU EBED 2 UG AL (1932 450 23S EREBET 35, 72720, i 88m/s IR
L E TR ST A T A (— R, KB AD T E DS 20m/s FREEEC), £2C, W4, Ak
DM TR ENA AR AN EDO HBLEE 2 Hivd 1969 4F, 2002 £ r— Akl LTz,

[BAEDF A R LA NDT—H]

BARUT) HAR(JST) | LS(2000.0) | AR(AU) | TWHEEM/s) | S | ERE | M
1969/11/17 08:58 | 11/17 17:58 | 2352724 | +0.000054 +85.96 1932 | 1-rev. | 1.0
2002/11/17 20:12 | 11/18 05:12 | 235.2749 | -0.001790 +88.65 1965 | 1-rev. 1.0
2006/11/19 04:44 | 11/19 13:44 | 236.6146 | +0.000096 +88.26 1932 | 2-rev. | 0.62

[ 77—t k]

@ AR LA L ORI

1969 HDAr—AH b/ S0 (0.000054AU=#4 8,000km) , 2006 4513F 0 1.8 % (0.000096AU=#7 14,000km)

2002 EDAr— AT LA T3 (0.0018AU=4 270,000km) .

PHAEDS 2002 FEOIDNTEENL TODYA, EERICHIERE S0 BRI, B2 (bS5 hIcE6I
RELFLEHEE (X —) B BE LD, —2002 HEIT OO R LR > TLEI ZEDMEII SN D,

-J77C, 1969 =D IHZH AR AN O LR Sl 58 | 2O X570 K& HHRIEDS T 2085y

FEE AL 50858 LAILAR, —2006 41 1969 4EIC TV — A ThH D,
@ i

BEEBITIEF L, 72721 2002 Gk oiiy  ERCEEUZ i 2 W ITb > R E AR L s,
@K, M fiEl

1969 4F, 2002 fFL1 [EYR LA /L, 2006 4F4E 2 [l BL A LT M i 0.62,

—2006 EIZHRFSIA BB, O RIFDBRILRLI NG LD —AD KL FRIE TH D,

SLESBHEETRINIY |

1969 45 | HRAR : AERHGRC HR100~200 BA L, RSB E—2, FRiE 9:00(U DR,
12U RS S0 HBLL Bk,
A HEFICZ OB, BRI 9:02~9:03(UT)EH,
2002 4F | BT A AARTHOEHEEIC LD 28R B, ikl 5:15(JST)=20: 15(UT)EH,

[2006 ﬁgmmmm ]

- 1969 AL S - FEITHEEEDS T S, M ISR 0.6 TG SO B B3 e oy P
—»*--*lﬂﬁ“i(ﬂlx?ﬂm X HRE0~150 FRHEEH,
- 2002 4F & F M RIE R L, 7272 R IERENE 2002 42100203,
- -->F.;Ji.-a)j‘1:f§€$:’3l{ YT, 2002 FELOL DO GEE S HELF S [ REREDNE U,
*1969 42, 2002 4E&E  WOLHIRE AL HB
— PR R N, ZHET @;&ﬁxéﬁamléné’o

K H AT T AU L8 T 220 il CHIEX 200,
UFARAE FChna—rmy R COBIIN R E LD,
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-1265 2006 Oct 21.10 02:30 207.466 +0.00057 +10.77

-1197 2006 Oct 21.58 14:01 207.943 +0.0076 +11.98 0.019
-910 2006 Oct 23.05 01:16 209.406 -0.0088 -10.26 0.023
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EAEE
Z<CEE (Ursids) LE2—
(HE2]
IMO : 2007 Meteor Shower Calender
N ; ZZ\N AR | Ve
RS | TEBIIE r | ZHR
EER] © o 6 | km/s
Ursids 12/17-26 | 12/23 | 270.7 | 217 | +76 | 33 3.0 10
B.A.Lindlad, 1987, p.239
. . ; FH Vg a a e i w Q
TR | TEEIR | o o 0 o
MEH | km/s | AU AU
Ursids 12/17-22 3 33.3 0.952 5.8 0. 836 52.6 207.5 | 268.3
Z.Seplecha at al. 1998, p.441
e YRR R K &8 | SR | Ve a a e i & Q
| EED] © | HH | « 6 | km/s | AU | AU ° ° °
Ursids 12/18-26 | 12/22 | 270.9 2 217 | +76 | 33 | 0.93 | 5.8 | 0.84 | 53 208 | 268
P.Jenniskens et. al., 2002, p.201
TABLE 11
Ursid Orbits (J2000) from the 1945 Outburst (Ceplecha 1951—Recalculated) and the 1997 Ursid Outburst
1945 1997 (Filament) 2000 2000
3 single station 8P/Tuttle median of 10 orbits 59 orbits 1405
Year (aphelion outburst) 1994 (perihelion outburst) (aphelion outburst) trail model
Date Dec. 22.773 £0.051 June 17.0 Dec. 22.434 £0.057 Dec. 22.32 +£0.06 Dec. 26 +£3
RAgeo 217.06 £0.07 —— 222.1+£4.2 219.0+£ 4.6 -
DECgeo 75.63£0.05 - 75.0+£0.5 753+ 1.8 e
Vgeo 33.47 (assumed) - 32.25+0.87 33.05x1.1 -
a 5.716 (assumed) 5.671775 4.62+0.93 4.673+£0.98 5.793 £0.002
e 0.8363 £0.0015 0.824088 0.795 £ 0.040 0.799 £0.053 0.8378 £0.0001
q 0.9357 £ 0.0002 0.997732 0.944 £ 0.006 0.940 £ 0.009 0.9398 £ 0.0006
incl 53.10+0.03 54.69254 515+ 1.1 525+1.9 52.96 £0.02
@ 206.73 £ 0.04 206.7028 204.94+2.0 2059428 20568 £0.11
Q 271.35£0.05 270.5487 270.64 £ 0.06 270.76 £ 0.06 270.7579 £ 0.0044
€726

TEEREOBEE (X107 « g/cm®) P.Jenniskens, 1994, p.1008. X ¥
annual stream : p=1.5 0.3 (LAEAZEE=19+13, ~ULE7A#fE= 2.73+0.18, 57T HE=22.1+1.1)
outburst (1795) : o =40 (P.Jenniskens,1995, p.211.%9)

ViR D FE (g/cm’)

P.B.Babadzhanov(1989)iZ § =1.5(g/cm®)EWVHEDIH TWD DY, ZD 1% P.B.Babadzhanov(2002) ClIfE%
BHINIETE, 72720, ZSEROBEITZ 22T E LTV, P.B.Babadzhanov, 2002, p.320.59

Table 1. Meteoroid densities.

Meteor Parent & N
shower body g/cm?

Perseids 109P /Swift — Tutlle 1.34£0.2 44
Leonids 55P/Tempel — Tutlle 0.4 % 0.1 6
Geminids 3200 Phaethon 29+ 0.6 8
Quadrantids  96P /Machholz1 1.94£0.2 3
d-Aquarids 96P /Machholz1 24406 8
Taurids 2P /Encke 1.5+£02 3

Sporadic 22403 39

ATV
0O,Na,Mg Z#i H, T=4260+200K (+ 2%#% : P.Jenniskens et. al., 2002)
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[JFEs]
1532 4 :Hasegawa(1992)11 12 A 6.8UT, ©=271.3(J2000), ”stars fell in all direction till down”,

Hi 21X Beijin Obs.,1988 #3X O S.Imoto & I.Hasegawa(1958)
1794 4 :Hasegawa(1992)XY 12 A 21.7UT, ©=273.0(J2000), "stars fell like rain for hours”,

H X Beijin Obs.,1988
1795 4F:Hasegawa(1992)10 12 H 20.7UT, ©=271.7(J2000), ”stars fell like rain” (Japan),

H X S.Imoto & [.Hasegawa(1958)

1874 4: A.S.Herschel(1874)75 the British Association Report {Z Mechain(1790 I )- Tuttle(1858 I )& & |Z
BT DI R A 0 =220° , 6 =+76° , Dec.20+, BE W a=221° , 6 =+77° ,Dec.20+&%8 3,
W.F.Denning(1916)XY,

+ 1882 4F-:Hasegawa(1992)10 12 H 22.7UT, ©=272.4(J2000), "meteores fell like fire”,

H X Beijin Obs.,1988

+1899 4F: W.F.Denning(1899)73” General Catalogue of the Radiant Points of meteoric Showers” (f&IZE9
[Denning MYAR|) 23832, LinL, ZOVANMIILRL Y T2 2R L OMES Ao Feeki T2, *!

1916 4 :W.F.Denning(1916)1% A.S.Herschel(1874)23 %8 & L7z Tuttle(1858 1 )& 2 (ZBH# 4 o £ HEI 3L,
[SFESERFEIZ =218 , § =+76° ,Dec.18-25 OO ERMZ Rz, BERHEE R8T, &
:[7(?/}\0 *2

+1923 4 :W.F.Denning (1923)1FNo.177, « =218° , § =+76° ,Dec.18-22, | 7Z2UARNT v 7L,
Mechain-Tuttle Z2EBJH L7, LA L. BT Various” 720 T THABNIZ IV TR,

<1945 4£:12 A 22 HIZ Skalnate Pleso K3 H T A.Becvar (1946) |E7)>2J>C HR=169 (D225 HE A M,
M.Dzubak (ZXBHEZFDEEOE EHEH MI% «=233° , § =+82.6° T -7, LD, Z.Ceplecha(1951)I%,
HR=169 73 18:00~18:10UT ® 10 43 iZ 4 NIZE0BIHISN Iz kDb ol L, BES sAL ES G B8
XoTENEI ZHR=108, « =217.1° , § =+75.9° |[TMELE,

7235, P.Jenniskens(1995)13© =270.627(J2000), ZHR=120 LL7=,

1947 4 J.P.M.Prentice(1948)1% 12 H 23 H. 25 4yMICSMH (. =207° , § =+74° ,HR=20) D HERZELH],
AT E X 43 2B HE 72~ 7=,

+1948 4 : C.Hoffmeister(1948)i% Tuttle(19261V) £ 2 IR HE T2 2% o =237 , § =+74° ,Dec.22 & T,
Ll ZOVAMIIEiE Y T 5 2REB LR R OFLEIT 20, *3

<1979 4E: 12 H 22 B, /7 =—Z T 2HEH T ZHR=25~27 D223 1 (Meteor News, No51, p.5 k),

1981 4F:12 H 22 H 21 IFptE (©=270.82, J2000) , £ R Z K 20 43268 D KEKZ T AD DR LR
PO H0% BB, KEBAIFTO 2K I AT THEMBO KA RESH-(EAE R,1989),

<1982 4F-: A7 & 12T J.Nijland & H.Brewker 2% ZHR= 35 D225 2481 I(P.Jenniskens et al. 2002),

1986 4F: 12 H 22 H 21h30mUT, ©=270.25(J2000), ZHR=125.2+17.0 ®>Z23%& HELRAE, FE I 0O i i )
HI—my TR CRSCEIFHNo543(198DITHAHF S 4172 BMS “Meteors” 124%)

7235, Jenniskens(1995)13©=270.236 (J2000) ,ZHR=160+40 ~L7=,

+ 1987 4:P.B.Babadzhanov & Y.V.Obrubov(1987M%, Z< FHEZ L SAZHE S IROSEDOE A KD —oLL
7o (HLEERIZTRD) .

<1993 A : 7 AU A2 T B.Lunsford 7% ZHR=100 D223 H B 28LH(P. Jenniskens et al. 2002),

<1994 4-:12 A 22 H 18h10mUT (©=270.75:J2000) . H ARIZ THIHZZERD a=217" , 6 =+76° ,ZHR=100
Z 1) (K.Ohtsuka et al. 1995), P.Jenniskens et al.(2002)i% ZHR=50 &L7=,

1996 4F: 7 AU T ZHR=25 O HELABLHI(P. Jenniskens et al. 2002),

<1997 2 7 AU T ZHR=16 O HEBLZEHI(P. Jenniskens et al. 2002),

2000 4E: 7 AUHICT 12 H 22 H 08h06mUT, ZHR=90 2258 A8 (P.Jenniskens et al. 2002),

1405 FEB LV 1392 FF LA LIC Db DELTZ,

<2002 A HARIZT 12 A 22 H 19h10mUT, ZHR=70 D223 HERZBL (/N11Z2, 2002:NMS [F1#H[nms
19298]), 1090 LEALH LA VAZEEI FINT 7 R N—ZRD RIHEMES Lyytinen OB FEHESIL TN 2720,
VEREZEI(HR=6.6), & HFI5L(HR=18), {FiLF#EHR=16.5) D K232 DIFBEN 246 2 T D,

2006 4 : I—m 8~ H ARIZONT T 12 A 22.733UT, ZHR= 1545 DF5V 22358 H B A B (P. Jenniskens et.
al., 2006, CBET 788), E.Lyytinen & M.Nissinen I(ZXAFATIL 996 FEH R ANIZLDHDELT-
(P.Jenniskens et. al., 2006, CBET 773),
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A EE
<>
*1:EWSOEL TIROIHRFLEKILH L, ENHIT-ZD LA,
No.CLXII : B Ursa Minorids, « =214.2° , § =75.4° #1141 9451 |
@=220° ,6=+72° ,Dec.9,]5
«=206° , 6 =+76° ,Dec.10, | 7
ZNBITH B 2S Boo BB OFLED <, BELEEFED 12/9 F/213 12/10 IS HBLL -2 D
BRTHDFTREMED RV,
No.CLXVII: o Draconids I, « =218.4° , § =61.9° &L 74
a=214° , § =+62° ,Dec. 8, 1884, | 4, Slow
ZAUTH BRI oo B2 253 D72,
MNo.CLXXIX: ¢ Ursa Minorids, o =238.8° , § =82.0° #1159 |
«=230° , § =+85° ,Dec. 8, 1884, | 4, Rapid, Fireball
TAVTH BRI S B B 2By 7 R EE D3R,
7272, BHED 2 SOT —HNREBLHY 1884 12 H 8 HC, M FEd Denninng NEIHIL CWAZEEE 2 AF
HEMARZZEE DN, ZEEOMFITE TRIOND L5 M BN ST FIHEMEN B D,

% 2 [BED LTI ERER BN DD DT> TOD | O T TOBEDEEI > TOTHERL TWAH03,
TERHEEN A R8N0 | EF 5 TWAONERARE, ZOREHOE R Sk HEEEIFIEF I2HEN O
T HBEB MRS58 E WAL L T LT, Wb A Denning DYAR JIZ#H - TURWDIT 230G
VIO EEBETHELF DBEMRTZAID,

B2 712 Jenniskens(2006)1% 1 2D Z &13 (19 Mt e ~20 HHALHIOER) T EREDOTH BN AN E H#E (LL TS
FHL V=) DI b, 1EL TV,

B, BIMESIZES )Y, W.F.Denning(1918)1& 1 (1917 4) 12 A 21 H 14h10m-18h10m. FAIE 25 fH D 2D
IHOMEN a=162° , § =+58° DEFHSLIHENT-D% iz, ZOEE S51% 18 BIZ2#, 22 HIZ
il (DR %) Bz, MEITED -7z, |EFEL TS (Denning AAN R THWAED TAFYAD T YANLTE
EIFIES A 14h10m (FS T DUER A HEZR D T 17h10m-18h10m 72A5973)

)3 EVHDOEL TIRDIIRFLEKILH D, ENHIT-ZO L0,
1914 4 (©=268, « =214° , 6 =+66° , | 14)
1931 4E (©=265.4, «=196° , 6 =+73° ,Wt=4)
1933 42 (©=265.2, =192° , § =+79° ,Wt=3: . =242° , § =+71° ,Wt=3
©=264.2, « =215° , § =+69° ,Wt=5)

(CZRERGE(S |

P.B.Babadzhanov & Y.V.Obrubov(1987)Ti, LSAXHHIZ OHE(LOIEFE CEEGRAIZIR DS Dt 2%
ELDHELT,

LAAERE, ZSERE, V22O, k IZHE. & A TDIALEE, & AT 3D EE, OO UHE (BMH) .
alUbH#f- 2055, VpIZDOHE, w IFHEITARMER

P.B.Babadzhanov & Y.V.Obrubov, 1992, p.117

TABLE IIT
Theoretical and observed geocentric radiants and velocities of the
P/Machholz’s meteor showers. See the note at the end of the paper
concerning the two unobserved meteor showers

Date o 6 Vg Date ! 6 Ve

Theoretical Observed

Quadrantids Jan.2 223-243  [+42,+454] 38-43 Jan3 219-232  [+48,455] 40-43
Ursids Dec31  215-227  [+48,+60] 38-46 Dec.22  190-226  [+58,476] 33-40
Carinids Jan.2 149-164  [—64, —46] 41-49 not observed

K-Velids Jan.3 142-160 [-61,-50] 4149 not observed

N.5-Aquarids Jul30  316-340  [—10,+2] 4044  Augl2 337-346  [-5,+3] 4042
S.6-Aquarids  Jul.30 334-351 [~18,—13] 3944 Jul.29 339-351 [-19,—14] 4044
D.Arietids Jun.12 42-50 [+22, +25] 4044 Jun.8 43-50 [+22,4+26] 39-44
a-Cetids Jun.6 39-53 [+8,+13] 3944 Jun.9 44-53 [+6,+12] 37-39
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TABLE VI
Orbital elements of major meteor showers and meteor storms and their parent bodies

Related showers and a e q w Q 1 T
their parent bodies AU AU degrees
Quadrantids 31 0683 0977 170 283 72 93
Ursids 4.0 0.76 0968 195 281 63 116
Northern § Aquarids 26 097 007 332 139 20 111
Southern é Aquarids 29 098 0.07 153 305 27 98
Daytime Arietids 1.6 094 0.09 29 77 21 106
« Cetids 1.3 095 0.06 202 258 20 100
P-Machholz 1986 VIII 3.0 0958 0.127 14 94 60 108

7-77. Babadzhanov N2 FRED TN EZ AL LTZH DI Sekanina(1970) D/ N— R —RER FRE T2 = 8T
2oz 12 AZSEREEWOH DT, L—X —EHOBHR ED, Wb baZSERELIT S DEI LD

LipoTWNA,
Sekanina, 1970, p.476—477.(B1950)
. . . 2 A \V/
HREEL, B Fik AT ¢
I3 5 km/s
Dec. Ursids | Dec. 29-Jan. 3| Jan. 1.9 223. 4 +61. 8 37.6
MmEHK q a e i w Q
D=0.25 AU AU ° ° °
16 0.968=*=0. 003 4. 046 0.761=x0.012 63.0*x1.2 194. 7+=1.7 280.9+0.7
[# D]
2 AR AL A

HER2N 8P/ Tuttle EE O#LIE 2R T 501X 2007 45 12 A 24 B (ML EEEE 0.3AU) . 2oLl Eb
EEECTH AN AN BB T D2 LM TEIRNTEAID,
725, 8P/Tuttle BEE DA S8 1% 2008 45 1 H 4 H ., £/ H S08EI% 2008 4 1 A 27.01544 H

RO RIKRLENAER THE AL ALD RO TOALDIZLL T O®EY,
(AR AT 28 B /N E TRITEILTND)
http//physics.ucf.edu/~msk/projects/trails/ L 0 $fr A

(1) Sykes & Walker 1992  (2) Davies et al. 1997  (3) Reach et al. 2000 (4) Ishiguro et al. 2002  (5) Ishiguro et al. 2003
(6) Lowry et al. 2003  (7) Lowry & Weissman 2003  (8) Russel 1990  (9) Jones et al. 2003  (10) Stansberry et al. 2004
(11) Kraemer et al. 2005 (12) Nesvorny et al. 2006 (13) Kelley et al. 2006 (14) Vaubaillon & Reach 2006
(15) Argawal et al. 2006  (16) Reach, Kelley, & Sykes 2007  (17) Kelley, Reach, & Lien 2007  (18) Ishiguro, et, al. 2007
(19) Ishiguro 2007

FERAK T H EELH iR iR
IRAS, ISO, Spitzer O LS it AL B
2P/Encke KPNO 2.3m, Kiso 105cm, UH 88" | 42k 13,613, 18
7P/Pons-Winnecke IRAS Jun.Boo ## 1
73P/Schwassmann-Wachmann 3 | Spitzer t Her ## 14
2201 Oljato Pioneer (indirectly) x Ori #f 8
[Z%& k]

W.F.Denning, 1899, “General Catalogue of the Radiant Points of meteoric Showers”,
Memoirs of the Royal Astronomical Society, Vol.53, p.203-292.
W.F.Denning, 1916, “Mechain—-Tuttle’ s Comet of 1790-1858 and a Meteoric Shower”,
The Observatory, Vol.39, p.466-467.
W.F.Denning, 1918, “Meteor showers from near beta Ursae Majoris”, The Observatory, Vol. 41, p.98-98.
W.F.Denning, 1923, “Radiant Point of Shooting Stars observed at Bristol chiefly from 1912 to 1922
inclusive”, MNRAS, Vol.84, p.43-57.
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CDER DI A MAN 73
~EELPER -AVA B 135E S8~
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OFLLoERER

[BE]
- BEEE (20074) ZESBHERA AR, MBS, 9818118274 (UT) IZZHR=216 (IMO 2008 No.1)
Tdhol,

- F#1%. Jenniskens & Vaubaillon (2008) 72 FIZ L » TiTbh Tz, YF LBREEIT-> TZIERERD
BEIELNT,

- 20085E1%, MEEL D L WSEEEENEEN S, BRITE MR D D,

- FEMFIZ, C/1911 N1 (Kiess) 23 & L TEHET TV, 200740 HBL TRERM & o 7t,

# FrLABDFARDP » FLAADIRE (20075, 20084)

HIRE P S hARK Ar ey M Faft Vg
HHi4E A £ 557 (53] LS (AU) R Tt EATE GEEE)
(U (U (JST) (2000.0) (m/s) aldeg) 6&(deg) (km/s)

2007 -18  2007/09/01.47 11:22 09/01 20:22 158.553 -0.00011 +1.80 1.0 91.20 +39.16 66.14

2008 -18  2008/08/31.64 15:27 09/0100:27 158.469 +0.00092 +1.81 1.1 9112 +39.11 66.15 5
WiEESEs 16:28 09/0101:28 158,510 0.00056 91.16 +39.11 66.16

- BREOHMBEERIT, PHIE— Hc@
FHEIZL D (RTEIERE-184E) . =
DECHKE LSO, —EF L
ANERELTE,

- 20074 D HELIL, EROBR & BBES
LT—HL TS,

* 200845 0%, 20074 & B4 D LA
D EEWVA, 0.001AULIN T, HEI|T
B AlEEPEILE L,

- PHEEDOCBER B 7o D, HIERDSELGE
MO/ ERE S 72 B R E il T S
DI IEREE NS, Z0k
b, EEOE AL IRFFEREOME
BRAEND,

BRI EATHEBITE R o To 8,
SERBREEEROEICHED ! !

— FORHEN % !

OF VAV ERER

[#=]
* 20064F (2 225 HELASERH,

BB S NEERIE, MODOT—4 & L TI10A21 H20:41(UTIZZHR=57% X UMEI22 H 3:32(UT)IZ ZHR=56
(IMO 2008 No.2), EN & L 21 H 18:00(UT)iZZHR=89.9 (Uchiyama 2008)72 &,

- Fl V7 320H~24 H L4H BEICE - Tk, ZHRAS30%ZHE X 71—,

« FIB000FRTICHRETHANL—BENOHHENTEBRENRLEFT A b« LA B, 20064E 1T H5R
LicZ ENEFLOMETHHL TS (Sato & Watanabe 2007),

* 20074F b, 200645121355 b O OB IR A T, EBICIX, 20064F &L IFIEFSREOZE5E HE
REB N7, MOTik, 10H22H0:28(UTHIZHR=70, [F4:44(UT){ZZHR=6872 & (IMO 2008 No.3),

FrLABWDF AL - L ANLDIHH



£ AVACBHEOFA L - P LAADRI (20064E, 20074, 20084F)

HEE  PA WEEEhBEK Ar i da} M T4 Vg
Hr e A f+ kg ]| LS (A bl 33 T B GEpD)
(U umn (JST) (2000.0) (m/s) a(deg.) 8(deg.) (km/s)
2006 -1265 2006/10/21.10 02:28 10/21 11:28 207.464 +0.0006 -+10.77 0.14 95.14 +15.45 66.88
-1197 2006/10/21.58 13:59 10/2122:59 207.942 +0.0076 +11.98 0.019 95.41 +15.47 66.67
-910 2006/10/23.05 01:14 10/23 1014 209.404 -0.0089 -10.26 0.023 96.56 +15.47 66.94
-910  2006/10/23.13 03:03 10/23 12:03 209.480 -0.0086 -10.76 0.036 96.66 +15.47 6694
-910 2006/10/23.19 04:31 10/23 13:31 209.540 -0.0075 -10.76 0.015 96.71 +15.47 6691
-910 2006/10/23.31 07:20 10/23 16:20 209.657 -0.0039 -9.87 0.33 96.76 +15.48 66.81
-910 2006/10/23.36 08:32 10/2317:32 209.707 -0.0034 -9.73 0.039 96.79 +15.49 66.79
-910 2006/10/23.47 11:21 10/23 20:21 209.824 -0.0007 -9.62 0.14 96.88 +15.49 66.72
-910 2006/10/23.66 15:51 10/2400:51 210.011 -0.0005 ~-11.12 0.089 97.03 +15.50 66.71
2007 -1265 2007/10/19.95 22:52 10/2007:52 206.067 -0.0038 +19.24 00016 9428 +1533 67.12
-1197 2007/10/21.71 17:05 10/2202:05 207.815 +0.0052 +13.34 0.0018 95.35 +15.48 66.73
-1197 2007/10/21.71 17:02 10/2202:02 207.813 +0.0051 +13.34 0.0019 9535 +15.48 66.73
-1197 2007/10/21.84 20:06 10/22 05:06 207.940 +0.,0058 +13.84 0.0017 95.47 +15.48 66.71
2008 -1265 2008/10/19.09 02:13 10/1911:13 205946 -0.0094 +20.11 0.0062 94.14 +15.33 67.25
-1265 2008/10/19.27 06:32 10/19 15:32 206.125 -0.0081 +19.82 0.0069 94.26 +15.356 67.20
-12656 2008/10/19.34 08:08 10/1917:08 206.191 -0.0074 +19.70 0.0026 94.32 +15.356 67.18

.20 W
[t REEREGL] B

« 2006%E ~2010FEIZ T TH A B M

HERIE 28880 5,
+ 2006 A FBRER LTV,

-12654E, -1197%, 910 D3O

b LA VDR,

< WNT, 2007 4F, 20094F, 20104
2E CREOHE CEH,

« 20084E X & A b A5 HEREIE O WA
WADAALTLE S D, EEEERN
= (|AR>0.007AU) , Z O HIM

D TIE—F LR,

s T L2006E L 0 b v & TR

EH7220074 H 200663 O B,
—SELEVAREES Y,

s PLAADEOTEBRIE, 104

198, =7 LEA#ECEREE,

OE5HERER

[#=]

1.15

110

1.05

0.95

0.90

1l
SRR
1l

2003/10/22

2004/10/21 frrmnemmmegemnnnsnas
2005/10/21

2006/10/21 f-

5 A b DSy

2007/10/21
2008/10/21 pe===--

2009/10/21

+ 195641 K HH#, 128 5H16:30(UT)iZZHR=300 (Huruhata & Nakamura 1957),
- RFRIEGERT - 72, D/1819 W1 (Blanpain) 75/ & 2003 WY25 & L CHEIER.,

N ENTHEERENLSY AR s FLAAEREHEL, 1956EOHB2ESLNERLE

Sato & Kasuga 2005),
- WEIHF S5 HBRIF201445, 272 L20HREATEICEERER 7 R P& EH L T RITFER 520,
—MEHANOREOEEFHZHE T I8ELHES L LTHH/ENRS,
* 20085 H RIS BRWVBHF A b+ b LA DB,

[BtEERGE]
< 20084F 1T, EEIERKE <ZIT TV AE5 T, HERDIIIY AR,

BRI UCHEBBRMEE TR ELTWS, M RDAEN BT,

2000410/21

20011021

HARTHEBRFREL 725,

2012/10/21 frmmmmmmmmmdemme

2013/10/21

(Watanabe,



F OIFIBIBEOFL AP « b LA AORN (19564E, 20084, 20144E)

HBE R WrrEhaimk Ar iy g ™M TH Vg
e Hf e LS LS (AU) B st RALE (62959
(um (UT) (JST) (2000.0) (m/s) a(deg) &(deg) (km/s)

1956 1814 1956/12/06.67 16:08 12/06 01:08 254.127 -0.00022 +1.46 0.063 3.46 -41.73 1047
1808 1956/12/05.68 16:26 12/0601:26 254.139 +0.00045 +0.73 0.031 3.50 -41.79 10.45
1803 1956/12/05.69 16:30 12/0601:30 254.142 +0.00065 +0.50 0.021 351 -41.80 10.45
1797 1956/12/05.69 16:33 12/06 01:33 254.144 +0.00067 +0.49 0.021 3.62 -41.82 10.45
1792 1956/12/05.69 16:35 12/0601:356 2b64.145 +0.00068 +0.49 0.020 3.52 -41.84 10.45
1819 1956/12/05.69 16:35 12/0601:35 254.146 -0.00136 +2.21 0.0956 3.23 -41.63 10.48
1787 1956/12/05.69 16:37 12/06 01:37 264.146 +0.00068 +0.49 0.021 3.53 -41.86 10.4b6
1760 1956/12/05.69 16:37 12/06 01:37 2564.147 +0.00054 +0.68 0.025 3.66 -41.95 1047
1782 1956/12/05.69 16:38 12/06 01:38 254.148 +0.00067 +0.50 0.021 3.583 -41.87 10.46
1776 1956/12/05.69 16:39 12/06 01:39 254.148 +0.00067 +0.52 0.020 3.64 -41.89 10.46
1766 1956/12/05.69 16:39 12/06 01:39 254.148 +0.00061 +0.62 0.023 3.55 -41.93 10.46
1771  1956/12/05.69 16:40 12/0601:40 254.149 +0.00065 +0.54 (.021 3.564 -4191 10.46

2008 1866 2008/11/07.99 23:49 11/08 08:49 225.826 +0.00072 -12.11 0.0034 7.04 -5.561 11.46

MEHESEA 04:10  11/08 13110 226.008  0.00012 699 -555 11.45
1861 2008/11/09.98 23:34 11/1008:34 227.824 -0.00364 -14.61 0.0025 6.77 -6.32 11.26
MEHSRA 00043 11/0909:43  226.867  0.00076 7.07 -6.13 11.33

2014 1914 2014/12/01.96 23:02 12/0208:02 249470 -0.00074 -1.28 0.016 7.88 -2732 9.83
1919 2014/12/01.97 23:14 12/02 08:14 249.479 -0.00050 -2.03 0.025 790 -27.34 9.83
1925 2014/12/02.00 2358 12/02 08:58 249.510 +0.0000026 -2.40 0.028 7.95 -27.42 9.82
1909 2014/12/02.02 00:26 12/0209:26 249.530 +0.00015 -1.96 0.021 799 -2755 9.82
1930  2014/12/02.056 01:07 12/02 10:07 249.559 +0.00086 -3.03  0.034 8.02 -2757 9.80

1866SE R b LA N EHEET B, S
BHE ET0.0007AU, BHHAT
1£0.00012AU & 121753, S

CBEEEA NN A G~ 2008
», PLEBTEILIEEICHETY

éo
< MIEIZ, BxDF A bLAIN v

L L TIRI9S6E D104 D1, 17 s

L. 19564E 1349104 D & 2 b+ b WA S
VALDORERE LD, EE R (DNO%;?;%‘)]
W2 1L 100 43 > 12 FE, 1956 fF & ; ;
ZHR=300 & L T b, 2008 4F X . Sy
ZHR=3, & bITHUHEE KX Nov.7 2349 i
7-¥. ZHRIEIZRRY 72 < O3V, A -
- 200847 1%, HEE T <, HEA

PRHbohanE A ER, H

|3 i, 18664 (- H & 1F 8 A3 ]

ot bichB, s o
BB LT, koW

fl, dEKkOFEERIE, ~TA TILE K E9BSBEOFLR b LA ALDON

FARFICHER (RESHID) 2HZ D,
- 18614F M b LA A b HBRD W EEHIT S D,

(8% 30K

Huruhata & Nakamura 1957, Tokyo Astron. Bull. 2nd Ser., No.99.

IMO 2008 No.1 (Web), http://www.imo.net/live/alpha-aurigids2007/

IMO 2008 No.2 (Web), hitp://www.imo.net/news/orionids2006

IMO 2008 No.3 (Web), http://www.imo.net/live/orionids2007/

Jenniskens & Vaubaillon 2008, EM&P vol.102, Issuel-4, p.157-167.

Sato & Watanabe 2007, PASJT vol.59, No.4, p.21-24.

Watanabe, Sato & Kasuga 2005, PASJ vol.57, No.5, p.45-49.

Uchiyama 2008 (Web), http://homepage2 .nifty.com/s-uchiyama/meteor/shwr-act/10oriact/ori-act.htm!
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2008SEDLLUEREBHDIAN-PLAN o
ek BEE (NMS-NAOJ-FAS)
D008RITESRET 5 L LEREROF R b » b LAMTONWTE LD,
[#=]
c HA - PV4w@ﬁﬁ%%Li&@toBWikMﬁEFV%WWB@&ﬁ@T%&@%%
£ LLEOFAPF- FUALORR
oA HIfRS AR Ar o ™ Fi Vg %
TR B - FFH A 1S (AU)  EE e AR GRpE) B
(UT) (UD (JsT) (2000.0) (m/s) aldeg) 6(deg) (km/s)

1300 2008/11/11.79 1852 11/12 03:52 290 637 -0.0026 +19.29 0.0041 150.16 +24.08 70.41
1300 2008/11/11.86 20:356 11/12 05:3b 2929 709 -0.0097 +18.06 1.1 150.20 +24.03 T0.58 e
1300 2008/11/11.89 21:24 11/12 06:24 299,743 -0.013 +17.69 0.32 150.21 +23.99 70.66
1466 2008/11/17.01 00:10 11/1709:10 234.893 -0.0044 +7.78 0.082 153.43 +22.18 70.69
1466 2008/11/17.03 00:39 11/17 09:39 294.913 -0.0051 +7.82 0.032 153.43 +22.14 70.71
1466 2008/11/17.05 01:06 11/17 10:06 234.932 -0.0010 +8.54 0.42 153.48 +22.21 70.60 (@]
1466 2008/11/17.12 0246 11/1711:46 235.002 +0.0031 +9.15 0019 15356 +22.26 70.50
[1300 LA L]

< 11H1I~12B Ic85RT 3,

CE L EOERSE. MERLITH D, EBIZIE20 2008

ERE Th B0, Bl EiX1ER - LA VRED

BXLRB,

CEF LD O, 0L.0IAUEENR TV T, AN
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- —FHTO0026AUE TESET AW RHHNB, = Nov. 12.0
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Mikiya Sato
{E5E 523 (NMS-NAOJ-FAS)

[BEZ]
20094F(21E, ISR S 16tALIZ T T, RERIKT UL « X hLVER (55P/Tempel-Tuttle) 7> 5 fik
HENTZL A RBEDF AR « b LAV EMERPEGET 5, . Vaubaillon K513, 14665 D # A | -
FLAMZE->T ZHR=500 FEEED L LIEEOHE N b b S5 & THL TV 5D,
(http://www.imcce.fr/en/ephemerides/phenomenes/meteor/DATABASE/Leonids/2009/index.php)
Al UG OFEMEE R L, EEOHBRIIZOVWTE e LTEET D,
(Bt R#HER]

2000 1T T DB LA AR « FLANEREKICE L DT,
£ LUBEBHREOZ AN« LA LRI (20094F)

N WIS DMK Ar HH fM T Vg
I QREE =ER] ) B LS (AU) I S AV I G FE)
(UD (UD (JST) (2000.0) (m/s) a(deg.) 6(deg.) (km/s)
1466 2009/11/17.88 21:12 11/1806:12 235.524 -0.00085 +10.10 0.085 153.97 +22.11 70.61
1466 2009/11/17.91 21:52 11/18 06:52 235.552 -0.00066 +10.25 0.031 153.97 +22.08 70.61
1533 2009/11/17.90 21:30 11/18 06:30 235.536 +0.0003] +12.68 0.083 154.30 +22.89 70.44
1533  2009/11/17.89 21:17 11/1806:17 235.527 -0.00053 +13.01 0.012 154.26 +22.82 70.47
FLHO@ED, 20004E 21X HIC 1533 ZHR=150
14664 £ 15334ED X Ak « F LA )L Nov. 18.0 UT
NHERICHEE T %, 2D O8I RS
BT — R R L R 2 BED R 1433 ZHR=10
0.001AU L v b ¥E <, FEMIZENTR 1166 211R=50 Nye
) DHBENPEEN D, _ "
(20 80)
1466 D % A K« kL A VL, 1h JST
2008 IC b ER E BT L2, DX 1466 ZIIR=100
A b b LAV XD H BT, 2009
ZHR=99 (11/17 2:04 UT, IMO) & L
Nov. 17.5 UT

THR SN, ZD20084ED /7 — A
L 20094 DRI & el 3 5, F 72,

iy Y a . I\
I, Vaubaillon Fo> T4 = & L35 X L LEED2009FEDHF A b o kLA VoA
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Date (UT) Time  LS(2000) (au) (m/s) aldeg.) 6&(deg) (km/s) (yr)

-910 2013 May 06.24 05:44 45.681 -0.0037  -2.36 0.038 337.78 -0.88 66.08 72.0
-910 2013 May 06.24 05:45 45.682  -0.0018  -2.12 0.095 337.77 -0.89 66.04 71.9
-910 2013 May 06.26  06:16 45,703  -0.0017  -2.05 0.038 337.78 -0.88  66.04 71.8
-910 2013 May 06.27 06:27 45.710  -0.0017  -2.11 0.017 337.79  -0.88 66.04 11.9
-910 2013 May 06.29  07:02 45.734  -0.0046  -2.50 0.11 337.82 -0.86 66.10 72.0
-910 2013 May 06.40 09:42 45.841 -0.0041 ~2.29 0.035 337.88 "-0.83 66.10 71:9
-1197 2013 May 06.53  12:37 45.959  +0.0021] +3.44 0.013 337.89 -0.80 65.99 T1.7
-1197 2013 May 06.89 21:19 46.310  -0.0026  +3.43 0.012 338.14 -0.67 66.12 T
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Jeremie Vaubaillon  5H24F8 7KM05EE 100~400 1803~19244F

Mikhail Maslov 5H24R 7KF184 200~300 19034F  (18984F ~19194F)
5H248 7RES545 50~150 17634F~17834F

Ve SH248 7EE~TRE3047EE 10~15 1898~ 19094F

Jeremie Vaubaillon )7 —# -
http://www.imcce.fr/langues/en/ephemerides/phenomenes/meteor/DATABASE/209 LINEAR/2014/index.php
Mikhail Maslov EXD7 — #
http://feraj.narod.ru/Radiants/Predictions/1901-2100eng/209p-ids1901-2100predeng.html

K2 ATROFEMT—F

Ejected Expected peak time Ar Ejection fM  Expected position Vg
year Date (UT) Time LS(2000.0) (AU)  Velocity of radiant (km/s)
(m/s) aldeg.) 6&(deg.)

1898  2014/05/24.29 07:03 62.851 +0.00025 +0.81 0.097 12278 +79.16 16.20
1903  2014/05/24.30 07:10 62.856 -0.000045 +1.04 0.12 122.83 +79.14 16.20
1909  2014/05/24.31 07:25 62.866 -0.00061 +1.51 0.15 122.93 +79.11 16.21
1914 2014/05/24.33 08:02 62.890 -0.0020 +2.65 0.18 123.15 +79.03 16.24

[(REZDOHEBEHRIZDLT]

SEIOr—2AE, 1946512 RN 10 A V@S ERER: (Prat' =) OMER D7 — AL TWE, ZOEED
H AR MANDT —FZIZLLF DB, B RKEIL21P/Giacobini-Zinner,

£3 19464ED10A D @ ) ERER (Y IE=H) OF AL FLALOT—4

Ejected Expected peak time delta-R  Ejection M Expected position Vg
year Date (UT) Time LS(2000.0) (AU)  Velocity of radiant (km/s)
(m/s) aldeg.) 6(deg.)

1900  1946/10/10.17 04:11 197.009 -0.00024 +1.38 0.17 262.32 +53.94 20.44
1907  1946/10/10.17 04:05 197.005 -0.00019 +2.24 0.21 262.29 +53.95 20.45
1913  1946/10/10.17 03:58 197.000 +0.00027 +2.34 0.22 262.23 +53.97 20.45

1920  1946/10/10.17 04:05 197.006 -0.00039 +0.89 0.26 262.23 +53.94 20.46
1926  1946/10/10.16 03:46 196.992 +0.00074  -0.78 0.34 26221 +54.01 2044
1933  1946/10/10.16 0344 196.991 +0.00090 +1.94 0.51 262.22 +54.01 20.44
1940  1946/10/10.16 0346 196.992 +0.0012 +10.34 1.0 26221 +54.00 20.44
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Kreutz group | objects (1334 comets= 69%)

Kreutz group Il objects (304 comets = 16%)

Probable Kreutz group (4+ comets)

Meyer group (117 comets = 6%)

Marsden group (39 comets/returns = 2%)

Kracht group | (38 comets/returns = 2%)

Kracht group Il (6 comet apparitions, 2/3 comets = 0%)

Other comets (93 comets/returns = 5%)

All SOHO and STEREO comets (2022 comets)

Z® 9 6, Marsden group & Kracht group (Z8t k1O
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FHELB & L TR L72, C/1998 A3 (SOHO)IE Marsden group OEE TH 573, AfaTldEE L& LT Kreutz group
WO LT D, £TIE. DsyOFEDREWRT DL A2 LK AL TWHER - NREAZF & L TERT
HZEITT B,



results_comets, xlsx - Microsoft Excel
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full_name
1P/Halley

2P/Encke

3D/Biela

209P/LINEAR

2201 Oljato (1947 XC)

3200 Phaethon (1983 TB)

C/1998 A3 (SOHO)

96P/Machholz 1

C/2008 E4 (SOHO)

P/1999 R1 (SOHO)

C/2008 F1 (SOHO)
C/2007 X13 (SOHO)

SNM2008-1453
C/2007 M6 (SOHO)

LE-658
T1-143S
NMS-61

e
0.967
0.966
0.969
0.848
0.850
0.846
0.751
0.751
0.773
0.689
0.677
0.727
0.713
0.713
0.713
0.890
0.794
0.881

q
0.586
0.605
0.545
0.336
0.331
0.341
0.879
0.879
0.801
0.914
0.948
0.802
0.624
0.624
0.623
0.140
0.262
0.151
0.042
0.040
0.219
0.124
0.020
0.050
0.110
0.174
0.057
0.107
0.176
0.032
0.153
0.008
0.055
0.064
0.006
0.255
0.26
0.301

162.3
163.2
163.5
11.8
1.5
15
13.2
13.2
10.5
19.1
17.7
11.4
2.5
2.5
2.5
22.2
18.2
23.2
27.4
27.3
12.6
58.3
57.9
131
16.4
134
13.7
16.9
135
66.7
67.7
138.3
137.7
135.5
124.5
121.4
142.7
147.0

®
111.3
100.6
85.4
186.5
242.2
295.6
221.7
221.6
303.8
149.7
147.1
56.8
98.2
94.2
83.1
322.1
228.0
323.9
23.0
23.0
124.5
14.8
14.8
50.6
38.5
130.9
43.7
34.3
135.7
46.1
45.7
27.7
27.3
27.9
115.2
119.0
122.4
116.2

9
58.4
47.2
313

334.6

278.8

225.4

250.7

250.7

167.3
66.5
69.2

161.3
75.0
79.0
90.1

265.3

3.0

263.4
80.7
80.7

336.2
94.3
94.2
51.9
64.4

330.0

4.9
14.7

271.3
94.6
95.7

306.0

305.5

306.2
42.4
49.5
61.2
50.3

3.5
-8.0

11.0
-12.3

0.0
15.9

-1.7
23.0

-0.2
0.7

-30.3
-1.2

0.0
-32.7

0.4

-4.6
-17.3

-4.1
-19.7

-1.5

0.7

6.7

Dsy

0.047
0.107

0.136
0.152

0.000
0.211

0.042
0.305

0.002
0.008

0.401
0.020

0.002
0.435

0.109

0.082
0.247

0.073
0.274

0.123

0.048
0.044

0.262
0.411
0.453

AS

47.2
211.3

98.8
2254

250.7
347.3

69.2
341.3

79.0
270.1

183.0
263.4

80.7
156.2

94.2

64.4
150.0

14.7
91.3

95.7

305.5
306.2

2295
241.2
230.3
235

338.6
96.9

86.0
55.3

26.2
13.9

118.7
139.7

80.7
87.2

158.0
115.3

48.7
355.3

55.7

37.8
351.6

347.5
295.1

58.4

262.7
261.1

97.9
115.9
106.4
109

-0.3
15.6

22.2
20.9

46.3
-17.7

69.7
-8.5

26.9
19.5

-4.5
32.5
229
-9.0
26.1

20.4
-9.9

1.0
-27.9

39.2

-16.3
-15.1

4.7
8.5

10.6
5

Vg

66.1
66.2

29.3
28.9

15.8
17.7

153
17.9

20.3
20.4

28.8
334

46.4
38.4

46.1

42.6
40.0

38.7
359

47.3

56.1
54.3

57.8
59.7
60.5

A-AS

292.9
245.4

347.5
192.4

151.8
18.3

35.1
163.7

2.7
177.2

3384
208.1

331.7
195.9

325.2

337.6
198.4

334.2
200.9

328.9

317.5
315.1

228.8
235.1
236.2
235

8.1
-1.7

-1.2
1.2

32.8
-21.7

47.7
-23.0

3.7
-3.9

-12.8
11.0

4.7
-6.3

6.2

5.2
-5.8

5.8
-6.4

18.5

6.9
8.0

-18.5
-12.6
-11.9
-17

Shower

n-Aquariids
Orionids

D-Taurids
Taurids

Andromedids

x-Orionids

D-Sextanids
Geminids

D-Arietids

(S)CMi-Aurds
a-Canis Minorids



2016, 7. 3 MSS
2016 ~NETVRABOEHPEAICRS,
SKYandTELESCOPE Au g 2016
201 6D~ N Y ABETIHPSZERN LHBETHEY B 2V, #BKkD 8 A
11—1 21355011 BLIZ BRI D720 \K%Tif@3ﬁ%<6wﬁwk#fﬁmm
KD, BH, BMRKHIZIIHR60 -9 0 DHEANRLND N, SETEEELV L OH
BAHFTX B,

s B

{{
E:z

ZiIVE TORE

LIEEOFEHILL /<A THB, LL, #BEL1970ERNS1980FEMR ¢
T T, JREIDNIERTE o772, FFIZ1 9 8 OFITFEEHAEAT, HR1 2 0%,
HR250ZBRLZZBEAAB W, (REE #TLE D) VeV RABHOBERD
186 2FIZHAINTEALAT7 =2y MVERTHD, YU, BAHIT1 20 24 LF
BTz, TO/RKR, 19 8 1EMOBRASHIFIN TV, LEEB-T1 9804
HONNVE Y ZABHOEREPBFFSNTZDITTHD, L, EEFEARINT, Lk
VABOEE S 1 98 0FLE, 198 0FERICEERICESTLESR, v— AT ik
BEBEORUFNEN, 19 9 2FEHIIRATHEN TR, PHEY 19 9 2EKIIRER
FREREN GREE : BAOANEBEER) Z ORI OEICKEERRIFENEBHE S,
COFEHOERIIBEEOEBICHEI LD THHZ LIFHBREN, 19 8 0FEDIER(L
DREIIATHST=DTHA DD, FHIBELL, REDOEBHOEETH A S, Lyytin
enéFlandern (320 0 44, BERIIARICZL. 7awEzTEIAILE, FAMRLALE
ﬂ%gwﬂ%ﬁ%m&EEbﬁwwﬁﬁzbbvfwﬁ%ﬁbt:emﬁéoﬁ%@@%
JAEI1 1. 86 year Z 21T, EBEIORETHIREIZCZ AN ML AL%Z20. 01 au#k
éﬁéﬁ%ﬁ@:@\mﬁt@&%ﬁleﬁk%Ly:@gﬁﬁﬁzélkﬁbéo
(1921, 1945, 1968, 2004, 2016) 4413198 0FEIFETIHLWV
I &, ERRHBEIHFRETE D,

201 6FED0TH
Mikhail Maslow & (2 37)

Bk Augl2th 12:40U0T (HA: 8H12H21K40%)

ZHR150—160 (2015{XZHR 90)

&M RlIR Ra—may X BTYT

(BATYH 2 2RFLIBRITEH ARED EA Y, +o8RITTEE)

ThiZ1479, 186 2FIIHHENEENFARNMLANVTHLDT, =7 D
FIEHE VR RNWIEAS D,

Vauvbaillon & (74 5 F)
HEAX Augl2th 4:560U0T (HA8H12H13:56)
THIE107 9FEDHWH RN M LA NADTHREE IR KEROEMBHFHFETED, L
ML, BV LA R0 TEFRIOREEIZEN,



~ OBSERVING
_ Celestial Calendar

Perseids to Get a Jupiter

After the Moon sets, the Perseid meteors could be unusually rich.

The most-observed meteor shower is
the annual Perseid display, active for sev-
eral nights in prime vacation season. This
year the Moon will be waxing gibbous on
the predicted peak night, August 11-12.
But the Moon will set around 1 a.m. for
mid-northern observers, leaving the night
dark for the three or four prime meteor-
watching hours before dawn: this is when
your side of the Earth faces most directly
into the oncoming meteoroids.
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In a normal year, you may see about
60 to 90 Perseids per hour on the peak
night between midnight and dawn if
you have an excellent dark sky. But the

shower can vary a lot from year to year.
And this year’s shower will prob-

ably be better than usual. There’s even a

chance that it could be spectacular.

Four hours, compressed. “I created a composite of all the meteors captured on August 13, 2015,
from 12:30 to 4:30 a.m.,” writes Brad Goldpaint from northern California. “The large mountain in
the distance is Mount Shasta, and the glow from the base of the mountain is the city of Mount
Shasta.” The evening before, he recorded the starry sky and its reflection in the still lake in a
25-second exposure. The landscape is from a long exposure he shot at a very low ISO during deep
twilight. He took dozens of sky exposures during the morning hours, subtracted out the 65 mete-
ors that these recorded, and aligned them to their star backgrounds in the original sky image.
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An Enigmatic Enhancement

For the last several years, the Perseids
have been quite normal. But in the late
1970s and early 1980s the shower turned
unusually active. The 1980 display was
one of the best in memory up to then;
many observers reported seeing more
than 120 per hour and occasionally up

to 5 or 6 a minute. A reputable Japanese
observer counted nearly 250 in one hour.

The Perseid meteoroids are dusty
debris bits shed by the periodic comet
109P/Swift-Tuttle, which was discovered
in the summer of 1862. Many experts in
the 19th and 20th centuries calculated
its orbital period to be 120 +2 years, and
summer 1981 was considered the “most
probable” time for the comet to be recov-
ered. Meteoroids tend to be thicker in the
vicinity of their parent comet, so astrono-
mers naturally assumed that the strong
Perseid activity in 1980 was due to the
impending arrival of Swift-Tuttle.

Yet the comet failed to appear during
its anticipated 1979-1983 time frame. Per-
seid activity through the 1980s returned
to normal, and many assumed that
Comet Swift-Tuttle — which had evolved
into a strikingly beautiful object after its
1862 discovery — had somehow slipped
by undetected.

The late Brian G. Marsden, longtime
director of the Minor Planet Center
(MPC) at the Harvard-Smithsonian Cen-
ter for Astrophysics, put forward an alter-
native solution: that Comet Swift-Tuttle
was perhaps identical with a comet briefly
seen in 1737. If so, it might still return. . .
around 1992.

Few astronomers believed it. Hadn’t
the Perseids ramped up around just the
right time? The legendary astronomy
popularizer Sir Patrick Moore pooh-
poohed the idea that Swift-Tuttle would
reappear in 1992 and bet a colleague a
bottle of whiskey that it wouldn’t.

He lost. The comet indeed returned
in the fall of 1992, validating Marsden’s
prediction. And the Perseids in the years
around then were even more memorably
abundant.

flterSegit

So what caused the high rates in 1980?
It was probably a completely unrelated
perturbing influence by the most mas-
sive planet: Jupiter.

The first to formally propose that
Jupiter plays a role in Perseid activity
were Esko Lyytinen of Finland and Tom
Van Flandern of the U.S. Naval Observa-
tory, in 2004. The comet passes a good
1.7 a.u. above Jupiter’s orbit while moving
inbound toward the Sun. But because the
comet — and the meteoroid stream all
along its orbit — have made hundreds of
trips around the Sun over tens of thou-
sands of years, slight periodic perturba-
tions can add up.

Every 11.86 years (Jupiter’s sidereal
period), Jupiter passes under the broad
rubble stream. Each time, its gravita-
tional field shifts some of the comet dross
about 0.01 a.u. closer to passing Earth’s
orbit. This segment of dusty debris takes
about 16 more months to reach our path,
whether Earth happens to be there or
not. The long-term result: when Earth
reaches the Perseid-intersecting part of
its orbit in mid-August, occasionally an
extra stream of Perseids will be passing
through at the same time.

If this happens about every 12 years in
sync with Jupiter’s orbital period, we have
a nice explanation for not only the strong
1980 display, but also the enhanced
showers that were reported in 2004, 1968,
1945, and 1921. "

What About 2016?

This would appear to be another of those
“prime years.” Russian meteor expert
Mikhail Maslov, who has closely studied
the evolution of the Perseid stream in
space, predicts a “significant increase

of Perseid background activity, with a
zenithal hourly rate (ZHR) of 150-160.”

By comparison, last year’s Perseid shower

reached a peak ZHR of about 90, judging
from the counts submitted to the Inter-
national Meteor Organization (IMO) by
observers worldwide.

The shower’s predicted time of maxi-
mum is 12:40 UT August 12th. That’s

after sunrise for North America, but peak
activity usually lasts about 24 hours.

Maslov points out that in addition,
fresh debris trails shed by Swift-Tuttle in
1479 and 1862 (“fresh” implies dense and
narrow) will likely encounter Earth and
might also provide a brief enhancement
of activity. Eastern Europe and western
Asia are in the best position to watch for
this, as it should happen during their
early-morning hours when the Perseid
radiant is highest.

Moreover, French meteor expert Jéré-
mie Vaubaillon has calculated an older
discrete trail of the comet’s rubble dating
back to 1079. He forecasts Earth pass-
ing closest to the middle of this trail at
4:56 UT August 12th, which would favor
eastern North America on top of whatever
else is happening. This might lead to a
sudden outburst of bright meteors, but
Vaubaillon cautions, “This 1079 trail [is]
quite old, making the forecasting less
certain. I certainly would look for it, but
just keep in mind the uncertainties.”

As always, the rates you actually see
are less than the ZHR unless the radi-
ant (in northern Perseus) is overhead
and your sky is dark enough for magni-
tude-6.5 stars to be visible. Light pollution
reduces the numbers, though the bright-
est ones will shine through. The meteors
themselves flash into view anywhere in
the sky, not necessarily near the radiant.

To do a meaningful meteor count by
standard methods, so that your count can
be integrated with others made all over
the world for many days running, see
imo.net/visual/major. There too you will
find the required forms for submitting a
report of your count.

Good luck and clear skies to alll

— Joe Rao
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% 1. OumuamuaDENEER & FTHEES =

ID DATE UT Co.Rad2000 Cns dist. VG a e q w Q i
Oumuamua®¥hE 2018 1.199 0.255 241.7 24.6 122.7

AXATORE 20181017 19 151.0 -7.3 Sex 0.318 58.3 -1.3 1.199 0.255 240.8 24.1 122.7
BERXATHORE 20180527 03 296.4 -8.1 Agl 0.555 59.9 -1.3 1.199 0.255 299.8 65.5 140.5

Mercury

10/28
10/21
10114

10M

9/30

9/9/2017

Ferlhellon
916

Venus

1. Oumuamua®#hEX, Robert J. Weryk (University of Hawaii), Wikipedia.
2&2EDTY, CORFENVELNZNV=HRAIZLTHY ET,



2207}{ 7Z /' /ﬁ{f;f *“\£¥q

FUROASREEORIFE2018FEDHADEEN RoOO®

TrRuAFRERE(E TR 13 19 DR 222 HioT- AT EMREL T, LUERERE I MLt
BB THD, Ll BEEDF AN ANV hODERED BN 20 L LIREFIERLL THE5/IMEL | IRIRANIC
IHEE AL T B SN WEEICR> TS, LAl TRERE B AEASRL THHKRL TLE-7-biF TR B
TEEPEETIIH D, HEHLRHRSBERSTVEARITHOALN TS, FHI20114F12 A LAICHEZ
HR50 77 ADZRFEMBEH AT ¥ DCMOR (BE) L BB TVERITROLX b, ThbiZBUEFH OB R,
1649 fRICE T EHENT A AE BB IS AN ANV OERTH B ATREMAE LI Th 3,
fif:\ ZDFZANNALHPEAE 2018 4 12 BICEUOHIEREUEICEEE AL DT I —La O RN TTH
B(x1), AL BRIFTHEOTINERIE, 4 RBRIFERLHEL THREL T, 22T 7R
5;%7‘%E%¥®:nifa>ﬁ?ﬁﬂﬁéi%:#E%Di&m SEEIFB TSN TODZ AR A VO FERZ R AT, &
TCESCRICEBIT IR, BEEBEICL o0, ARERASE T, '

1 ExFEHREILHONT

L ETTHEIAY 6.6 FOEMBETH), Ty BRERSLINCEESEE L CHALEITE, xS
HEAMEE L RS ALRTICR RSR T, |

1772483 A 8 BICT7FVADELFX 2o TRRSN, 29 BREERISN-, 18054 11 § 10 H75 %
DOFRANTTH->THREN, 36 BREEHISN-, 182642 A 26 BICRAYDOE I L->THRRSN 72 AR
; 912 - 21




BlENi-, E T3 IO F—EEORIFTHH LA e LT, TD%. 1836 FDEIFIIFRENEIRS
RACHb T8, 184548 11 A 26 BICIIAZ )T OF iz Lo THERRENT:, 12 A ITTBRIA D2 s
5. BEERVEEO S ENBRISNT, 12D R D-LKVBER TITE 3 ARIIITLADND 14 77 DFEEE
(ZhpoTz, 1852 SEDERRTIT DTN 2O LLBBIS LT, 1859 EDEIRMITE B SIS BEITHBEL, &
OHYE TTEHBITRHILTORWE2, 7), ‘

2 21t ETOTURuAY L BEOEREIE

RIS T- R EVFAE L 18—21 DT RuxF HEROBAMKRE ELHTLDORER1THD,
HEEIZOWTIIEEDORERDEF A H D180 | EEOWBNIZLAHEE THY, BLEDOHLOTHLHI L%
BWLTEL, F=, 21 #ROHF4F CMOR ITEBRBANCIAETHD, RRRICERISEZELDTHDIfE
EHET-EDEMRIZEDHO (:4)R0, FEEERIZEDL O (%6) 3D,

£1 ZUFOAXSREHOBMT *xFHIELVOVEKESR
Z | AH R ] 19 42 TiE 1872, 1885 HEDH
1741 |Dect many snoogng sfm 7 A ) R (HEH) HAKICE L ELORENES
1797 |Dec? star fell like rain FE (HEH) . - =iy
1798  |Dect large displav of shooting star Fo (3089 nT%, 18 i daisk CoEA
BTORS BA #E XA THDD, BBRHNEDI LR
0 (oo | e s 222 B EWELELL TV IR T
18y 7. i || 35D, 1940 LR, BARE/IRIEE
1847 |Dec7-10 2t HOFRE i ST A ERE Fq g BT e, 2720, A
@25° 6+40° s
1867  |Nov30 o 17° &+ 48° XYV JER. AN |4 RV 7_‘:(“1 }960—70 FRORET v
FicT RiAA T B T L S TR MELRIASERA ThoT-FERICiITE =
RIEE | S ;;;g - 157 FEEBE D ATREME DD D IS AT
i ; KB :
PM630 HRI800, 7:45 HR2160 TIVR ZRISN TS (%6), 1950 4B
PM10:45 HR840 - DN—N—RREEEHRE oy
o rwoieE | AR CaRARRAR e
o/ RE\ Y 54 : % " .
. Nov24 HR40_50 EE""H ,\J}\° néﬁgﬁ)ﬁb\f:énf:o (ﬂ_\-“—%
Nov25 HR20-25 FE 1z w7% VA YTRT —Z L FEL.1959)
Rl B <t IO ol 1950—1956 LEDA—/3v a3y
* 1885 |Nov27 HR6000 $283 8, o 21° &6+ 44° 1TE |[2av bS50 F AT THROALNIRET (o =0~
ARERS KRB L. : . 50° . § =0~50° ) DEEEIHIK
7 o Lt HUEHEOREREDRER . 7
=17 HR75000 7RV RaAZ BRI ESNIZREDS 49
T L TRV E STz, Y 23 (Bt e
Nov2 HR100 1 —_ .
T e R0 =305 E 19km,/sToH-oT-, BERED
1928 125 cmB#F (BFF1° ) OBEHE FAVH BXiX 11 A 14 BTHY, HR=1
T kot LIS S L R 2 Thb, IREEAC BT DLk
1940  |Novi5 HR30 (FEVRE) 7 AVH ; .
NoarDet | TVUTAA HRS EREE P ETS THR=5Z25LRidENnD, B
2008 |Nov27 | ZHR30 CMOR &f HFE I 11 B 2 H—22 B THHoT-
2011 |Decs ZHRS0 CMOR & bt at s : =\
* .
2011  |Dec46 SonotaCo Net TVI9 Vgl6km's EES (+3), 1971 ﬁ R AR
200712 [Oct5- |SomotaCo Net Total620 =ER VI EEHEOEENCLIEL
Dec26 TV €14 TRBKIINERIY 12 BEFD, 11
912 - 22



2015 7. 1. 455

A 17 BEFEU, 37 BHATED (0 =26,2° | § =+24.6° ) LEHLZ, ZIKREREL-5L
72 19 teDfrELYVE  20° FFLTWD, HIBRKCREEHEOEETEET 0.05AU T, fi2 HEHNH
FFCED 0.IAUINICESE$ 58I/ 11,76 —12/1 A Th-io, YR T TR 865 DG EBE DD
EFRATC. 7o RarZ B 2 DD AN — M3z, 70737 L RaAFBELENAV K O OFKEIX 9 AD
IBEECBTAIEE L FUZ 2 DD AN — AT 6D D TIERL, AR T U Rarg 3y
TV I ADE X & 7w LT (x2),

20 HARETIIRAED LI F AN AN OBV SN CEH T, BB EHE hERkELE L0
BB B RRO A TRHRUSN TV b EN, ZOBROHBRITHEREZLO LI FEEDSZIC
PRV SN ANBIELSTER L, WIKODDAN —LEAE) | ENEXAIL T DBE ZITHIBRE O FENES
D FREDLI-HENTZD TR WEAIN, ITHE T SonotaCo  Network (20 ELN-Fi EEE DATA 15
HDHEMER ST THHELUER, 2007-2012 F£0FE 6 £/ T 629 HO T R AX BENBRHINZ(*5), Zh
HIE 19 T KR T EL O ULIZAN — LAOIEEIC L 5b DL Bbid, ZDOAR — Ak 2120 FELAER A
SUZBWTHIEREE ICBEA L, EEOSHFBEEL T IUIEB OMEREL IO T AIREHRH I LD E
Hd D (%8),

3 IEDOT R u AT BEOEFE201 8FEDOBR PO EEM

21 HERIZ72Y 7oy —BIlE o TRENLS o AN A NV EEREBEL | £ 4 RIEFO T Tbh,
BWF45I51278o7, UL ThH, BEEOX AN EF BOBEERENER THY, Z0OMH+
DHOERLI NI EE > TRVDTIIARNWEAID, IED EICERBRITRVEENET VR a7 B0
HERG SEIC AR T LD F AR ANV EDEIES I 2L — L a3 N LA RIENRLL N TS,

A% CMOR % 2011 4E 12 A 918 (3-5 B)IZ 7 U RueAF fEROER RO 2 /-, ZhuilkF11t
SVDOKELHBETHD, ORI 19 RO KFTERNEZH /O UIZREDEH RO EIZHL, Wb
FYANRT RUATBERO R I E VXD, (LB A T EOET(218.2° | § +51.2° ) Tha,
AT ABE R (1)=252.8° (2011,Dec5.12UT) TAEF 122 BEORENER CHOXLN TS, B —Jk
O ZHR=50 THD, 1Z&AEDBF ANEL 500 p mEL T ORLAF T, HEFANTIIXHIHED BV DT, BF O FiE

LB, ZD2EFE BT A A SonotaCoNet Thifibx HAv, I AT JE| uﬁé%ﬁ’%"ﬁdfi‘éﬁkbfb B EL,

TR RS HESN TS, 2008 ££128 CMOR D% DFHZE TZHR30 77 AD MBS 2 HILTU V=T k
BB LT=(x1), ZOEDTRS EALE L 2011 FEDRLEL BRIV, 19 HHATROFRTIL 1845 D RHEE

DIy FUNFEYZ AR A WEI S DTELE Z DI TND(*5), LA, ZDF AN A /MTEEEILL | fE 58
BN 20 HHACCABIITEENRAY 11 A FREICEEY BRRALEORE T2bebL T3, Fi-., dLEb i
ITL T, 2011 EIZRIST-HEMIIE LT R DZ AU A VB ThD, THUIE =SEE AN RAT
D 1649 FITF B A @B LB HEN - F ARSI TZZ AR A /L EHIERASTE B L= 8oL —
Tar$hE, 2011 FEOFEROIEE MM CEHN AL BE A TXD, 12721, HEFOERLOTRLHDLD
ThD, ZOXANNAEARRL 3:5 OLYFUADBURITHY . Shic L 32 EoE ~ DB CHE L,
P33 1800 FEARDFEEFROEAL BT R oTcbD RPN,

AAE 2018 I DHF AR A L EHIERDEEE DS T HRIN TS, 2011 FELL O HBARIE TXB, 550 -

[ERITA4EE 2023, 2036 FEIT725, SHEDTRITBAN KB ER (1)=254° (Dech. A # 29) . BH UL (o
124° § +50° ) THVATEITEGL), 11 A TS 12 A ERO A O ORI VBIRIS LT
TULODDTHHID BRER T LT 2, HEOFEIBILELVL B O THBIILLT VDT
I ERNEBID, Fiz, 2011 T AFEDBEERESY N — 7 TIORLEELNS — 15RO FEL BT
nauna,

912 - 23

W



BIE BRI OES CFERICERET VA ATOBBEBRE N AREIC o7, EH L, SONY a Ts |2
35mmmF1.4 DL VA TT~8FEDTHEETHOALNAZ LD > TWAD TFREBH S5~
CERMBEL THADTETHD, o, TRV OHBERHTIREBB CLRHLZONDITTD T, 223
~_LZEDOEHED BVBTTORE Y oy MEBIBL B2 TH A9, 14 RBRITHEEZEMEL 19 D22 i~
1o T o RuAZ B ORE E RIFHO A TV E 20,

SE R
1 PAUL.A.WIEGERT, PETEOR G.. BROWN, ROBERT J.WERYK,AND DANIEL.K.WONG
THE RETURN OF THE ANDROMEDIDS METEOR SHOWER
THE ASTORONOMICAL JOURNAL 145-70(11pp) 2013 March
KRONK. METEOR SHOWERS (p257-266) 2014
3 OAA XK5t437 1961410 A
ElEHmET EOEM %50 BEERESFBEE 2009
18854E | A A THEBENZT VR AX B ERTHOFER
5 TFEEEAE  F 54 BRIV RESEEEKE 2013
SonotaCo Network D BEh TV MEBANIIDT L NaAX T ERE
6 TWHEEZ TAIMI-ATREL pl42-145 1984
7 BERL TEEIZTeNS 1972 p22-26
8 PETEOR JENNISKENS Meteor Showers and their parent comet p380-38




Leonid prediction for the period 2001-2100
Mikhail Maslov WGN 35:1 2007 nH
LEEI~DES 201923 MSS &£ & MSS~15 |

2019 : BHEMEAAS Novl7, 23hUT ZHR15-20, Novl6, 02hUT 1400 £ kLA /LT X
HEANC ZHR15-20, RO B W itE, Novl9,05hUT, 1800 £ kLA ML 2B Z VIRED
HEMBFREIND,

2020 : LV OIEVVEE E— 2 2 Novl17,03hUT, ZHR10-15 BBE., ¥R ML A AL D
EHBE L,

2021 : LULDEVEE B — 2, Novl7., 07hUT ZHRI10 BBE, FA M P AL EDE
B,

2022 L~V D@EHE E—2 Novl7, 16hUT, ZHR10-15.Nov19,06hUT, 1733 4E h LA
N OEBTHRVWVERDTESY, ZHR250-300 THHAWHENE HFTE 5, Nov2l, .
15hUT., 1800 £E F LA NV & DR T ZHRS-10 OEEAHISTEX T, BE L VHIVWRE
BE,

2023:Nov17, 22hUT ZHR15 UL EOBER A, Nov2l,12hUT, 1767 E LA VT kB
DT O T ZHR10-15, BAAVWFREDI LU,

2024 : Novl17, 04hUT, BEMBARKBMED . ZHIS-20 F A b b U A AOEBIZR2,

2025:Nov17. 10hUT. ZHR15-20, Nov17, 19-23hUT. 1699 4E ks L A /L & OB T ZHR60-90
DOHAIVHREDERENE/FTEX S,

2026 : Novl7, 16hUT #2772 ZHRIS BEO@EECEL—7, FAMMLANVEOERZ
Lo

2027 : 55P [ERAGES X, BMUVOEEREKR Nov17.22hUT. ZHR40-50, Nov20, 04hUT. 1167
£ R A NMZ LD ZHR40-50 DFHE, BBV HKERZLZ,

2028 : BN/ BEREAR Novl7, 05hUT, ZHR30-40. # A M MU ANV EDEEZ L,
2029 : JBEMEK Novl7. 11hUT. ZHR30-40 F AR LA EDEBRL,
2030 : 55p [EJ@, Novl7,17hUT, ZHR10-15, D4 ZHRI0 LT OBEE—2 LV 5V

PEFRRIER), AP R LANEDERRL,
- -




2031 : BTEEREIRRIZ 55 p EIRICL b B9, ¥ A N LA LDFTHRNZNTZD, Novl7,
23hUT 12 ZHR15-20 T2 E D5 E),

2032:Nov17. 05hUT IZ ZHRIS BEOBEEK, ¥ A M LA VOEVRE L,

20335 B HRK Novl7, 11hUT, ZHR25-35, Novl17, 17hUT IZ 1932 kb A AT X BEEVIR
B D%\ ZHR30 BEDIEE, 1899 £ b L A VI X DMWEIED Novl7., 20h53m (2
ZHR300-400 (272 D THEBEVFRER S,

2034: BEDO S VA AR T A7, BREEBRSTFRINL TV S @F AR Novl7, 18hUT
ZHR40-50, Nov18, 3h4UT, 1932 £ F LA VIZ X % ZHR400-500 D HE, BWIHENE
k£, Novl8. 9h2UT, 1899 kLA iz k% ZHR30-40 DHIE, BEWFRENEME, Novls,
22h4UT, 1767 ££ b L A VT & 5 ZHR150-250 DO, FXEIXEHH, Novl9, 5-6hUT,
ZHR300-400 D HE,

2035 : B M A Novi8, OhUT, ZHR30-40, Nov19, 15h24UT. 1800,1834 kLA AT X
% ZHR50-60 DHE., HEIXFEHEY, Novl9, 22h10UT, 1866 b LA WiZ X D55V B,
ZHR30 BEWWRERPRZVY, Nov20, 6h06UT, 1633 b VA NIZ L% ZHR300-350. %
WIRENZEV,

BEE

wEFEO LU UERERIZETENR (1998-2002) DL 5 REERF A b M UA VOB
<, MEMICRDMREEERLEVRSIZEST, 55pEREDP2033, 2034,
2035D3FEMBFT AN PLANEDEBENRSL PRI, —BHFIITEXS, Ll
ZHR300-400 BREDOFTHTH D, ,
BHLEWOIR., 55 pERUAO2022, 2025, 202712 hUAAEEECL
LERZHAPTFREINTODHI L THD, HIT2 02 21X ZHR300 7 7 A THEBITET
5, 2019FZAENRD 198 7THEIZHEYE TS, 198 7T4HITIX L FENPLL LR
D, KHRERREFCMIT TERBRBERPEF IO, ERERP2F AN MY
A NERPES LB FERICESWELHEL RN D ETFZ00hRES 9 b,



MSS-152

10BYSERER (v =&) N2019FENFH

{ERE 83 (NMS) Mikiya Sato

20194 H10A 0 W H JERERE (Vv ab=ff) OX AL« FLANMZKDLHBEDORREERH D,

TFEDI0H 0 @ O JEREREDOZEF B, 19984, 20114, 20184F
< BURIZ, B HBL (19994, 20124F)

< 19594, 19665ED X AR « hLANLEEZEZILND

CRHEEE AV - RSB v, ok D

. 2019FEDFE A FLAILDIRR

M F B KB ZI Ar B M FHME = Ve #%E
Bt 7] B AEF Ki5®EE (B _E o 6 GERE)
(umn (um (UsST) (J2000.0) (AU) (m/s) @) () (km/s)

1959 2019/10/08.60 14:19  10/08 23:19 194.744 -0.0013 +62.83 0.19 26141 +53.73 20.45
1966 2019/10/08.64 15:25  10/09 00:25 194.789 +0.0075 +65.17 0.16  260.73 +53.90 2030  PEEEELY

[FHR] -« 1959FITHH LIZF A MBS B X A N« b LA L ke Bz
< 19664 b L A UL, 7EWVESIEWY (FFE5RER)
« BAROWER OB T, B EMEWN R X 2 AREEN S 5

. 202FEDF AR FLAILDIRR

ek F B KB ZI Ar M M FHMES R Ve #%E
Bt 7] B ABF Kig®E (BB wE o 6 GERE)
(umn (um (UsST) (J2000.0) (AU) (m/s) @) () (km/s)

1959 2012/10/08.69 16:40 10/09 01:40 195.624 +0.0012 +38.70 0.0033 262.79 +55.84 2099 fMRZE/DEL
1966 2012/10/08.70  16:48  10/09 01:48 195.630 +0.0042 +43.07 024 26237 +55.76 20.91 FEBEOPEL
1966 2012/10/08.73 17:28  10/09 02:28 195.658 +0.00041  +51.34 0.027 26251 +55.60 2096  fM/pELY
1966 2012/10/08.73 17:28  10/09 02:28 195.658 +0.00040 +51.35 0.022 26252 +55.61 2096  fM/ELY

[fER] - MUL—&—THiH : 10/8 16:20-17:40 (UT) IZE— 27, 20114E X ¥ $, %\ (Fujiwara et al 2016)
« BT HZDOCMOR (L—F—) Th7eh OHBL: 10/8 16:38 (UT) (Yeetal 2014)
R T =2 L U7 T4 TR GEARE)

= 199FEDFE AL AILDIRR

ek F B KB ZI Ar B M FHME = Ve #%E
Bt 7] B AEF Ki5®EE (BB HE e 6 GERE)
(umn (um (UsT) (J2000.0) (AU) (m/s) @) () (km/s)
1959  1999/10/09.45 1051  10/09 19:51 195714 -00026  +5998 020 26283 +5548  21.01
1966  1999/10/0950 12:00 10/09 21:00 195761  -00014  +69.42 026 26250 +55.26  20.94

[#E2] - 10/9 108E~126F (UT) HATHR=20~300D HHl% fsx

DATE JST TIME aM Spo. Dra Lm CL Dir Obs. Meth.

Oct. /1999

09/10 19:00-20:00 60 30 - 28 5.7 0 Z HRAFKFE V

09/10 20:00-20:50 50 23 05 18 5.5 0 7 WEJRE V

09/10 20:00-21:00 60 28 - 2357 0 Z HRAFKFE V

09/10 21:00-22:00 60 22 - 105.8 0 7 #HFAE V

09/10 21:00-22:00 60 13 07 655 0 72 WEERE V

09/10 20:00-21:00 60 41 14 27 7.8 0 - WPEAEME TV (50mm, F=1. 4)
09/10 21:00-21:57 57 19 15 47.2 0 - HpBAEIKE  TV(50mm, F=1.4)

(Web, Hashimoto & ¥ $i#v)



2019F DARR 2012FE DKR 1999F DK

Oct. 9
(1t R EF0BF)

Oct. 9
(1 FREFORF)

Oct. 10
(1t R EF0BF)

1966 (

\J

m 1966
\ )

1966 \
U

1959 Q
Q‘U
1959

HhIK

0.005AL

Oct. 8
(i FEFORF)

hERELE

0.005AL

HhERENE

0.005AL

(1 REF0BY)

Oct. 9

FEDL A« b LA JLOALE

(7 B S EREE DRIz >\

[AU]
1.20

1.00

0.90

0.80

0.931

1887

[ Ml

1907

RERIRDIT A RLEREE DO HER

+ 1926~19534F : #0.99~1.00 au (Z%f LT, 19594F & 19664E : £70.935 au
- A CHEREO2ICK BT D LB XD & 12~ 16%FEIEFHIL O AR
« XA MORBHIMNEL 25

mER  BE i
B ma PO BE . .
_ BE BE 1951 21000 + 19994 & A5 O HIER & s &
20194 /BR 23:19 18.6 235  43.4%  26.4% B 5 A5 5035 £ 2 25~40%
2019 MR 00:25 1.2 16.7  26.4%  32.2% HR = 30 430 242 &
199948 X 19:51 47.4 50. 1 - - SEEOHRIE, 5~ 15 < HWLW»?
199948 X 21:00 37.1 40.5 - -





