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(€N]

1. mBlLRREEN—% (TP S&RIE) L3 a S BE
AR CEHXRER)

e i 2 A e HEBUGRE | RBBEAR| BT [R5 (2000, 0)|HhCadiE| FE A5 | [EBEE i =
(2000. 0) a 5 km/s ) B |E/EREL

ENOL1 [{R#Fdo L v B {K v Aql 6/ 9~ 9/13 119 | 7/21 291 =1 20.9 13 ~12 0.14 | #E3EF

ENO2 |R°F o JLBEA aCap(N)-A| 7/15~10/13 136 | 8/ 9 308 -9 20. 1 31 -6 0. 20

ENO3 | R ¥ o dLEEB aCap(N)-B| 6/ 9~10/ 9 139 | 8/11 316 -10 221 42 -5 0.13

ENO4 [ & o dLBEC a Cap(N)-C| 6/29~10/29 156 | 8/29 331 -6 211 57 -4 0.13

ENOS |[~SH R A 4 BE u Peg 7/21~11/12 195 10/ 8 350 12 16.9 72 -6 0.10 | ZEHE

ENO6 |9 238 ¢ JbBEA |t Aqr (N)-A| 8/ 5~10/24 180 | 9/22 355 7 22.7 86 -6 0.12

ENO7 | A3 A8 « AkEEB | ¢ Aqr N)-B| 8/18~10/ 3 177 | 9/19 1 5 25. 4 98 -4 0.25

ENOB |7 Fo A% B |aAnd 8/10~12/13 198 | 10/11 5 28 22.3 98 -16 0.09 | HEHEF

ENO9 | 5 F34bfiE Psc (N) 9/16~12/20 216 | 10/29 24 20 20. 2 112 -6 0.15

EN10 B LEEA Ari-A 9/25~12/14 226 |11/ 8 38 21 20. 5 127 -4 0.19

EN11 |02 UHEB Ari-B 10/16~ 1/ 2 241 | 11/23 50 25 19. 3 137 -4 0.09

EN12 |355 LALBEA Tau(N)-A | 9/25~ 1/20 223111/ 5 48 21 25.9 149 = 0. 06

EN13 |59 LL#EB Tau(N)-B  [10/10~12/12 226 [ 11/ 8 55 22 28.5 160 =3 0.28

EN14 [A ) A >y AL xO0ri(N) [11/ 7~ 1/30 206 | 12/27 94 29 22.2 180 -4 0.11

EN1S [{RFR57- T x BEA  |{K x Gem-A |12/14~ 4/11 307 | 1/28 120 30 19.0 195 -5 0.10

EN16 [{BFrZ <& o Bf 1R o UMi 3/21~ 4/ 5 16| 4/ 5 204 78 17.1 200 <2 0.21 | ¥EEE R

ENL7 {E#F 57 Z x BEB  |{R xGem—B | 1/13~ 5/ 3 3321 2/21 137 23 16.5 207 =9 0. 05

EN18 (R ENRT o B |Ralyn 1/13~ 4/ 1T 314 2/ 4 137 38 19.9 207 -11 0.08 | #3118 %

EN19 {RERL L 5 B {R 1 Leo 1/15~ 4/15 343 | 8/ 3 150 21 16. 2 220 i 0.12

EN20 |57 T &f Gem 12/ 4~12/16 261 | 12/13 112 32 34.7 N -13 5.62 | #EEIBE R

EN21 IR E<CE 0 8 IR  UMa 3/20~ 5/21 28 | 4/18 204 51 16. 6 233 -9 0.08 | EFE R

EN22 |L L o dtEf a Leo(N) 1/15~ 5/ 6 344 | 3/ 4 161 17 20.7 238 -5 . 17

EN23 |L L & Bf § Leo 2/ 6~ 6/ 5 9] 3/30 181 30 17. 4 238 -10 0.10 | #EFER

EN24 (EFE B DT B EE {7 B Com 2/17~ 6/ 5 29 | 4/18 208 41 178 246 =13 0.06 | EHFER

EN25 |L L B B¥ | BLeo 3/ 8~ 5/28 34| 4/23 193 26 14. 8 250 ~7 0.10 | EFER

€L,0-660



B CEHKRGER)

HERIRE RS AIFREC IR | RBERR| B [H85.(2000. 0) 0| 3 H S5 F i B FE " B

(2000. 0) a 5 km/'s 3 B |E/FEEL
EN26 | L L x dbi¥ xLeo(N) | 2/ 5~ 4/12 5| 3/26 180 7 19.9 259 -4 0. 14
EN27 URE DB D « B |{R a Com 3/ 9~ 6/ 2 27| 4/17 197 16 18.8 263 -9 0.09 | HEFLE R
EN28 |3 & HALBEA Vir(M)-A | 2/11~ 6/ 2 20 | 4/10 192 0 18.9 273 =3 0.09
EN29 |9 Lo o FEA a Boo-A 3/28~ 6/14 54| 5/15 226 32 17.0 273 =13 0.20 | ME¥IE R
EN30 |5 L)W o EEB @ Boo-B 3/19~ 6/14 49| 5/ 9 214 18 16. 4 275 -9 0.08 | HEFHE R
EN3L [9 Lo HEC aBoo—C 4/16~ 6/25 56 | 5/16 229 24 17.9 283 -14 0.10 | #EFHE A
EN32 |# L ®1LEEB Vir(N)-B_ | 3/ 1~ 6/14 27| 4/16 200 —4 20.8 284 ~3 0.12
EN33 |R#r & c B IR o Vir 2/12~ 6/19 25| 4/14 209 2 25. 2 295 -11 0.05 | HE5 B %
EN34 |5 & ¥ o LB aVir (N) 3/20~ 5/ 17 28 | 4/18 207 -6 23, 1 296 -4 0.21
EN35 | CAUAIREEA Lib(N)-A | 4/ 8~ 6/23 54 | 5/15 224 -13 20. 3 308 -2 0.07
EN36 [{RFhfs & o u B {fuVir 3/ 6~ 6/ 4 33| 4/23 221 -3 26. 2 314 -12 0.13 | HEFEF
EN37 | CATAILEEB Lib(\N\)-B | 4/ 4~ 6/23 60 | 5/20 233 =14 21. 2 317 -5 0. 10
EN38 [&Z 1 y &if x Sco 4/17~ 1/25 71 | 8/ 1 245 -9 21. 1 328 -8 0. 16
EN39 {RFR~TS-2A > 1 Bf{R A Oph 4/12~ 8/ 9 80| 6/11 254 3 21 3 328 -15 0.07 | HEFE R
EN4O [{RFR~TS2A W o B4R o Oph 4/30~ 8/13 182 7/ 4 273 18 21.4 340 -21 0.07 | #6858 %
ENAL [{RFRA~TN L BE {R ¢ Ser 5/ 1~ 8/20 90 | 6/21 266 -6 22 3 349 -12 0.08 | #EEE R
EN42 [~TFo 0 0 dbBE |9 0ph(N) | 4/26~ 9/16 85| 6/16 265 —17 22.3 356 -5 0.10
EN43 {URFR7Z C B BE & B Sct 5/12~10/ 6 113 ] 7/15 281 0 19.5 358 -12 0.05 | HEFER

Sho- G§ W
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#2. MBILRMEN & ((FHKXBHERRATIE
: Bk (EHKREHEZE)

B S RS B HUEREART  |KBBECRR| BfF [$EE A (2000. 0)[HLERE| T HSH M e DS i &

(2000. 0) > ) km/s % B &/
EN15 {EFr57o 2 x ¥ A |{E xGem—A [12/14~ 4/11 307 | 1/28 120 30 19.0 195 -5 0.10
ENI8 RERERZ o ¥ |{Ralyn 1/13~ 4/ 7 314 | 2/ 4 137 38 19.9 207 -11 0.08 | HEEIE %
EN17 (#5528 B [{R xGem-B | 1/13~ 5/ 3 332 | 2/21 137 23 16.5 207 -2 0. 05
EN19 [{E# L L o 8% {i 1 Leo 1/15~ 4/15 343 | 3/ 3 150 21 16. 2 220 = 0.12
EN22 |L L o dbEE a Leo (N) 1/15~ 5/ 6 344 | 3/ 4 161 17 20. 7 238 -5 0.17
EN26 | L L x dbBE x Leo (N) 2/ 5~ 4/12 5| 3/26 180 7 19.9 259 -4 0.14
EN23 [L L & B § Leo 2/ 6~ 6/ 5 9| 3/30 181 30 17.4 238 -10 0.10 | #EFHEFR
EN16 (i 2 <F aff {7 o UMi 3/21~ 4/ 5 16| 4/ 5 204 78 7.1 200 2 0.21 | #EFHEFR
EN28 |8 & iLEEA Vir(N)-A | 2/11~ 6/ 2 20 | 4/10 192 0 18.9 273 -3 0.09
EN33 [{R¥rds & o « Bf {/Z t Vir 2/12~ 6/19 25 | 4/14 209 2 25, 2 295 -11 0.05 | #EE %
EN32 | B & odLEB Vir(N)-B_ | 3/ 1~ 6/14 27| 4/16 200 -4 20. 8 284 -3 0.12
EN27 RFED 3D 1T o 8 |1 o Com 3/ 9~ 6/ 2 27 | 4/11 197 16 18.8 263 -9 0.00 | HEFH R
EN34 |B &8 o dbiE aVir (N) 3/20~ 5/ 1 28| 4/18 207 -6 23. 1 296 -4 0. 21
EN21 [(RFF BB <CE g #E |{K 5 UMa 3/20~ 5/21 28| 4/18 204 51 16. 6 233 -9 0.08 | #83E R
EN24 {EFs DT BEE (R B Com 2/17~ 6/ 5 29 | 4/18 208 41 17.6 246 -13 0.06 | ¥EEEFR
EN36 [{RFRds & u B RuVir 3/ 6~ 6/ 4 33| 4/23 221 -3 26. 2 314 -12 0.13 | HEZE %
EN25 [L L B & B Leo 3/ 8~ 5/28 34| 4/23 193 26 14.8 250 -7 0.10 | #EEE R
EN30 |9 L o BB o Boo-B 3/19~ 6/14 49| 5/ 9 214 18 16. 4 275 -9 0.08 | #EFBE R
EN29 [5 L o fEA a Boo—A 3/28~ 6/14 54| 5/15 226 32 17.0 273 -13 0.20 | #EFE R
EN35 |[TAUAALEEA Lib(N)-A | 4/ 8~ 6/23 54 | 5/15 224 =14 90.3 308 -2 0.07
EN3L |5 L2 affC a Boo—C 4/16~ 6/25 56| 5/16 229 24 17.9 283 -14 0.10 | #6358 %
EN37 |[TAUAILEED Lib(N)-B | 4/ 4~ 6/23 60 | 5/20 233 «1 21.2 317 -5 0. 10
EN38 |&XZ 1 4 Bf x Sco 4/17~ 1/25 71 64 1 245 -9 2.4 328 -8 0.16
EN39 HEFR~1U2A 0 L B4R 1 Oph 4/12~ 8/ 9 80| 6/11 254 3 21.3 328 -15 0.07 | #FEFR
EN42 [~ 0 b [0 Oph(N) | 4/26~ 9/16 85| 6/16 265 -17 9.3 356 -5 0.10

SGo- 55\



mA CEAKEHERE)

HE#E 5 mEA GBS HIBRAIE | KBHER| B [5E4.5(2000. 0)(HCEEE| dTH A M IEEHE fif

(2000. 0) o $ km/s A B |E/FH‘EEL
EN41 {REF~TCE {R { Ser 5/ 7~ 8/20 90 | 6/21 266 -6 22. 3 349 -12 0.08 | HEFIE R
EN40 [{{RFE~U2h ) o 1R 0 Oph 4/30~ 8/13 102 7/ 4 273 18 21.4 340 -21 0.07 | #EHEF
EN43 [{R#R/= T B & {K B Sct 5/12~10/ 6 113 | 7/15 281 0 19.5 358 -12 0.05 | #EFEF
ENOL [{RFrioL v B {R v Aql 6/ 9~ 9/13 119 | 7/21 291 =] 20.9 13 -12 0.14 | ¥EFIH A
ENO2 [ ¥ o JEEEA aCap(N)-A| 7/156~10/13 136 | 8/ 9 308 -9 20. 1 31 -6 0. 20
ENO3 |R°F o JLEEB aCap(N)-B| 6/ 9~10/ 9 139 | 8/11 316 -10 92.1 42 -5 0,13
ENO4 | X o dk#EC a Cap (N)-C| 6/29~10/29 156 | 8/29 331 -6 21,1 57 ~4 0.13
ENO7 |7 9738  dLEEB | ¢ Aqr (N)-B| 8/18~10/ 3 177 | 9/19 1 5 25. 4 98 -4 0.25
ENOG | A3 « JbBEA |t Agqr(N)-A| 8/ 5~10/24 180 | 9/22 355 7 22.7 86 -6 0.12
ENO5 [~ & A u B 1 Peg 7/27~11/12 195 | 10/ 8 350 12 16.9 72 -6 0.10 | ZEXEE
ENO8 |7 Fu A ¥ o |aAnd 8/10~12/13 198 | 10/11 5 28 99. 3 98 -16 0.09 | HEHHE R
EN09 | 9 F5dbli Psc (N) 9/16~12/20 216 | 10/29 24 20 20. 2 112 -6 0.15
EN12 |#59 LAEEEA Tau(N)-A | 9/25~ 1/20 223 |11/ 5 48 21 25.9 149 -3 0. 06
EN10 |BUOD LEEA Ari-A 9/25~12/14 226 | 11/ 8 38 21 20.5 127 -4 0.19
ENIS (885 LIAEEEB Tau(N)-B |10/10~12/12 226 | 11/ 8 55 22 28.5 160 -3 0.28
ENIL [BU LEEB Ari-B 10/16~ 1/ 2 241 | 11/23 50 25 19. 3 137 -4 0.09
EN20 |5-7= T Gem 12/ 4~12/16 261 | 12/13 112 32 3.7 227 -13 5.62 | HEFE
EN14 |4 U A o dbEE x0ri(N) |11/ 7~ 1/30 276 | 12/217 94 29 09.2 180 -4 0.:0¢l

§Lo-951



#* 3. wbdbREMENE (FHXRERR)

fElS| MENS |[KIGERE| B R4S (2000. 0) | HinLlEE B 9B 3L R UT B 277 18]
(2000. 0) o 5 km/s a e q W 9 i A B
ENOL [{f2 v Aql 119 | 7/21 291 = 2091 2s8L| i0:96| 067 254 .:119 13 13| =12
ENO2 | a Cap (N) -A 136 | 8/ 9 308 -9 20.1| 2.8 0.76| 0.67| 255| 136 6 31 -6
ENO3 | a Cap (N) -B 139 | 8/11 316 -10 221 2.95| 0.78) 0.62| 263| 139 5 42| -5
ENO4 | a Cap (N)-C 156 | 8/29 331 -5 21.1| 2.68| 0.77| 0.62| 261 | 156 4| 57| -4
ENO5 | i Peg 195 | 10/ 8 350 12 169 3.37] 0781 D 4] 237 | 195 7 12 -6
ENO6 | ¢ Aqr (N)-A 180 | 9/22 355 7 22.7] 3.09| 0.81| 0.58| 266| 180 6| 86| -6
ENO7 | « Aqr (N)-B 177 | 9/19 1 5 254} 2.55| @Bl| U.47)| ZBL| 197 4| 98| -4
ENO8 | o And 198 | 10/11 5 28 22.3| 2.51] 0.76| 0.61| 260| 198 16 98 | -16
EN09 |Psc (N) 216 | 10/29 24 20 20.2 | 2.73] 0.76]| 0.65| 256| 216 6| 112 -6
EN10 |Ari-A 226 | 11/ 8 38 21 20.5| 2.34| 0.74| 0.62| 261 226 4| 127 -4
ENLI |Ari-B 241 | 11/23 50 25 19.3] 2.32| 0.72| 0.66| 256| 241 4| 137 -4
EN12 |Tau(N)-A 223 [ 11/ 5 48 21 25.9| 2.14| 0.80| 0.42| 286 223 3| 149 -3
EN13 |Tau(N)-B 226 | 11/ 8 55 22 28.5| 2.29| 0.84| 0.36]| 294 | 226 3| 160| -3
EN14 | x Ori (N) 276 | 12/27 94 29 22.2] 2.63| 0.77| 0.59| 264 276 4] 180| -4
EN15 |{K x Gem—A 307 | 1/28 120 30 19.0| 2.67| 0.74| 0.68| 248 ]| 307 5| 195 -5
EN16 |{R o UMi 16| 4/ 5 204 78 17.1] 3.60| 0.73| 0.99| 184 16 24| 200| -2
EN17 |{® x Gem—B 332 | 2/21 137 23 651 27| a73) 0.15] 235] 332 3| 2ot =2
EN18 |{R a Lyn 314 | 2/ 4 137 38 19.9| 2.29| 0.70]| 0.67| 253 | 314 2] wonl -1l
EN19 |{& 1 Leo 343 | 38/ 83 150 3k 16.2| 2.49] 0.69| 0.76| 238 | 343 4| 220| -3
EN20 |Gem 261 | 12/13 112 32 34.7| 1.40| 0.90| 0.14| 324 | 261 93| 2221 13
EN21 |{R 5 UMa 28 | 4/18 204 51 16.6 | 3.03| 0.69| 0.93| 207 28| 21| 233| -9
EN22 | a Leo (N) 344 | 3/ 4 161 1% 20.71 2.73| 0.76| 0.66| 254 | 344 5| 238 =5
EN23 | § Leo 9| 3/30 181 30 I7.4]| 2:95| 0.74| 0.78| 230 9 13| 238| -10
EN24 |{& § Com 29| 4/18 208 41 17.6 | 2.711 0.68| 0.86| 219 29 21| 2u6| 13
| EN25 | B Leo 34| 4/23 193 26 i4.81 3.21] 973 | 0.88[ Z17 34 11 [ 250 -7

§0-55W



&S MBS | KBEE| B R (2000. 0) M LEE WL JE B O i =P=wL
(2000. 0) a S km/s a e q w Q i A i
EN26 | x Leo (N) 5] 3/26 180 7 19.9] 2.60| 0.73| 0.69| 254 5 4| 259 -4
EN27 |{& o Com 27| 4/17 197 16 18.8] 83.76| 0.79| 0.77! 236 27 1t | 263 -9
EN28 [Vir (N)-A 20| 4/10 192 0 18.9( 2.32| 0.70| 0.69 ][ 253 20 3| 273 =3
EN29 | @ Boo—A 54 | 5/15 226 32 17.0| 2.55| 0.65| 0.89| 221 54 20| 273 | -13
EN30 | @ Boo—B 49| 5/ 9 214 18 16,4 2911 0.71] 6785} 227 49 13| 275 -9
EN31 | @ Boo-C 56 | 5/16 229 24 17.9| 2.66| 0.68| 0.85| 229 56 19| 283| -14
EN32 [Vir(N)-B 27| 4/16 200 -4 20.81 2.56| 0.75| 0.64| 957 27 3| 284 -3
EN33 |{R « Vir 26| 4/14 209 2 25.2| 2.93| 0.81| 0:54| 270 25 11| 295| =11
EN34 |a Vir (N) 28 | 4/18 207 -6 vs. 1| 257 D/7rl 0. 58] 268 28 4| 296 -4
EN35 |Lib(N)-A 54.1 5/15 224 o 20.3| 2.79] 0.76| 0.68] 254 54 2| 308 -2
EN36 [{RuVir 33| 4/23 221 48 26.2| 2.38| 0.79| 0.49| 281 33 12| 314| -12
EN37 |Lib(N)-B 60 | 5/20 233 =11 212 2,89 6.77] 0:.866| 257 60 5| 317 -5
EN38 | x Sco 71| 6/ 1 245 -9 21.1| 2.73] 0.76] 0.66| 257 71 8| 328 -8
_EN39 |{R A Oph 80| 6/11 254 3 21.3| 3.03| 0.77| 0.69| 249 80 16| 328| -15
EN40 |{& o Oph 102 | 7/ 4 273 18 91.4| 2.87| 0.73| '0:.77| 240 102 94| 340 | -21
EN41 [{R € Ser 90 | 6/21 266 -6 2.3 285 098] 0.62] 759 90 12| 349 =12
EN42 | 6 Oph (N) 85| 6/16 265 =17 22.8] 2.23]| 0.74] 0.58] 271 85 5| 356 -5
| EN43 [{® 8 Sct g 7715 281 0 19.5| 2.76]| 0.75[ 0.70| 246] 113 13| 358| -12

$60-$5 W



VETELUM

L LE ORI MRS I & WU (MOTER L)

#4—1. S5BIH 9/16~12/20(N=14) FoE1L8=216(10/29)

DATE | LS a b VG a o q w 0 i z B D D'

4/20] 177 6 81 28.0] 2.24] 0.83| 0.39| 295| 177 6 112 -5] 0.28] 0.25
9/30| 187 11 11 26.1| 2.40| 0.8 0.46| 285| 187 61 112 6] 0.20(0.17
10/10] 197 16 4| 24.01 2.55] 0.79| 0.53| 275 197 6] 112 -6 0.1310.10
10/20| 207 20 7| 22.2| 2.64] 0.78] 0.69| 265] 207| 6] 112 -6 0.071]0.05
10/30| 216 24 501 20.2] 2.73| 0.76] 0.65| 256| 216] 6 Ll2 -6 0.00| 0.00
11/10| 228 28 o4 | 17.8] 2.83| 0.74| 0.73| 244| 228| 61 112 -5/ 0.0910.06
11/20| 238 30 57| 15,71 2.90] 0.72] 0.80] 234| 238] 6] 112 -5]0.16]0.11 ]
11/30] 248 30 32| 14.1] 2.97] 0.71] 0.87] 224] 248)| 7] 112 510,23 015
12/10| 258 29 351 12.4] 3.03] 0.69] 0.94| 214 288| 7| 112 -410.31]0.19
12/20] 268 26 28 | 10.9| 3.08] 0.67] 1.00] 204] 268] 7] 112 -3]0.3810.22
% 10 A FapsiR ? R CiuasEEs s &WﬁTMMMwmﬁmﬁwﬁmmmiéﬂé

#4—2. BO2LHA 9/25~12/14 (N=15) JEH1.8=226(11/8)

DATE | LS o $ VG a e q o Q i A B D D’

9/30| 187 19 > 27.5] 1.78| o0.81] 0.33( 301| 187] 4] 128 -3] 0.30]0.31
10/10] 197 24 141 25.9) 1.97] o0.79] 0.40] 290] "197) 4| 127 —410.23]0.22
10/20] 207 28 171 24.0] 2.12] 0.77] 0.48| 280| 207| 4| 127 -4]0.15]0.13
10/30 216 33 191 22.5| 2.23] 0.76] 0.54| 271| 2164 4| 127 -410.08]0.07
11/10| 228 38 29| 19.9| 2.36] 0.73] 0.63| 259| 228) 41 127 -41]0.01]0.01
11/20| 238 | 42| 24| 17.9] 2.45| 0.71] 0.70} 249 gag | 4| 127 -4 0.09|0.06
11/30| 248 45 o6 1 15.7| 2.52| 0.69] 0.78) 238| 248| 4| 126 -3]0.17]0.12
12/10| 258 og| 13.8| 2.50 o.sr 0.85] 228 | 258 | 4] 126 -3]0.240.16
X10ﬂ$@wa°ﬂﬁlmﬁﬁﬂﬁﬁ | 5 ERI% CRRHAOTRESEVLOBRERLEND

#4—3. BUO2OUHB 10/16~1/2 (N=7 TFg1.8=241(11/23)

DATE | LS o 5 VG a e q w Q i A 3 D D'
10/20| 207 34 171 23.6| 1.60] 0.73] 0.43] 290| 207] 3| 137 -3 023} 0.2l
10/30] 216 38 19| 22.8| 1.80| 0.73] 0.49| 281| 216 3] 137 =3 01| G 15
11/10] 228 44 23] 21.11 2.05| 0.72] 0.57| 269| 228]| 4| 137 -4 0.09]0.07
11/20| 238 49 o5 | 10.7| 2.26] 0.72| 0.64| 259 | 238| 4| 137 -4 0.020.02
11/30| 248 53 27| 17.9| 2.46| 0.71| 0.70| 249 | 248| 4] 137 -4]0.04]0.03
12/10| 258 57 29| 16.3| 2.65| 0,711 0.77( 239| 2581 41 137 -300.11|0.08
12/20] 268 59 31| 147 2.84] 0.71] 0.B4| 229 268| 4| 137 -310.18]0.12
12/30] 278 60 351 13.1| 3.03] 0.70] 0.90| 219| 278{ 5| 137 -3]0.2510.16
Fa—4. By LILEA 9/25~1/20 (N=7) JEH1.5=223 (11/5)

DATE | LS a ) VG a e q o 0 i A B D g

9/30| 187 29 5L 51.6) 1.471 0. 88) o8| .821] 187] 3| 148 -210.26] 0.40
10/10| 197 34 fel B0.6l 1.75| w86 o951 sigl 97 4. 148 -210.18] 0.26
10/20| 207 39 8 981 1.89) G.84) 681| 3oz 207| 3[ 40 -3]0.12]0.15
10/30| 216 44 50| 27.5| 2.06| 0.82] 0.37| 293] 216| 3| 149 -310.05] 0.06
11/10] 228 51 o9 | 55.0| S.20! ©0.79] 0.46] 281) 228)| 3| 149 -3 0.04 ] 0.05
11/20| 238 56 o4 | 22.9| 2.28] 0.77| 0.52| 271 | 238| 3| 149 -3]0.11]0.11
11/30| 248 61 bE | 20.9| 92,87, 0.75| 0.59| 961 | 248) 3| 149 -3]0.1810.17
12/10| 258 | 66 95 | 18.7| 2044 0.7%| 0.66] 2511 258| 2| 149 -2]0.25]0.23
12/20] 268 70 56 | bt Zon0| D21 2l ] Beh (. 24 149 -210.32]0.27
12/30| 278 73 50 | 14.6| 2.51| 0.89] o.79| 231| 278 2| 149 -2l 039 0.31

1/10] 289 76 29| 12.7| 2.59| 0.67| 0.87| 221 | 289| 2| 150 -1]0.47]0.96
[ 1/20] 299 76 20| 11.0] 2.63! 065 093] 211| 299| 2} 150 ~1]0.53 ] 0.39 |

%1 08 Farkik ? REIZWonAHE A1 5 HERT% TR SO R Y & 0 NEEND
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%R OIS ST & E 1 {EH] GUBILRLY)

#4—5. 5 LILHEB 10/10~12/12(N=18)  #)L5=226(11/8)
DATE { LS o 8 VG a e q w Q i 1 8 D D'
10/10] 197 39 17| 35.6| 1.98| 0.93| o0.13] 322| 198 3| 160 -210.25] 0.47
10/201 207 44 191 3320 2.15] o0.90| o021 312 208] 3| 160 -2 0.16]0.2
10/30] 216 49 200 3L.4 | 2.2%| 0.8 [ 028! 3031 217} 3| 16O -310.09]0.13
11/10| 228 56 oo og a3l 2,30| 084 037] 292] 228| 3| 160 -3/ 0.01] 0.0l
11/20] 238 62 24| 95.9] 2.33] 0.8 045] 282 2381 3| Ll60 -310.10]0.1
11/30] 248 68 op| o996 9.95| o0.78| 0.53| 273 248 3| 16l -310.1810.19
12/10] 258 73 09| 21.3| 2.38| 0.75] 0.61 | 263] 258 | 4| 16l -410.27]0.26
#Fdad—6. AV AL LB 11/7~1/30(N=9) TE141.8=276 (12/27)
DATE | LS o 8 VG a e q © Q i A 8 D D’
11/10| 228 66 o3 926.7| 1.44| 0.84[ 0.24| 311| 228| 2| 179 -2 0.36| 0.42
11/20] 238 72 25| 28.4| 1.76| 0.82] 0.31] 302| 238] 3| 180 -3]0.29] 0.3l
11/30] 248 78 26| 27.3] 2.03| 0.81| 0.38] 292 | 248| 3| 180 -3]0.22]0.22
12/10] 258 84 o071 925.71 2.27] 0.80| 0.46| 282| 258| 3| 180 -310.14]0.13
12/20] 268 90 o7 94.0| 2.48| o.79| 053] 212| 268| B3| 180 -3 0.0710.06
12/30| 278 95 a5 | br9' 9.erl prte |l a.Bl] 2620 278 | IBD -4 0.02]0.02
1/10] 289 | 101 30| 19.8] 2.85| 0.76| 0.69| 251 | 289| 4| 180 -4]0.10 ] 0.08
1/20] 299 106 31| 17.8] 3.00] 0.75| 0.76] 241 | 299| 4| 180 -4{0.17]0.13
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M55-0T5

B JOHALR RN - 2

a. g
ND DATE (UT) L5 € & VG a o q o) Q i A el D i
1624 520916.23 173,944 2.6 10,3 30.0  2.65 0.87 0.34 2950 1737 11 109.1 -7.9 0.36 0.32
1780 431003, 27 190, 396 14.7 11.3 27.9  2.94 0.86 0.42 2850 190.7 5 11h.8 —-4.2 0.26 0, 22
1845 A31010. 40 197, 434 16. 7 JEA L s LN 1.90 0,72 0.54 276.0 197.7 4 113.7 =37 0.13 0.10
1864 52101326 200,810 2007 11.3 24,2 2,65 0,80 0.52 273.9 Z200.8 v 4.7 =19 BAE D
1865 h21013.28 200,530 18.7 18.3 24.9  2.60 0.81 0.51 276.0 200.7 8 116;8 ~%b5 @17 0213
1889  521016.19  203.415 16.7 15,3 20.1 215 0.71 0.62 264.0 203.7 5 107.7 -4.7 0.08 0.05
1940 521021.24  208. 134 20,7 17,3 2001 2,18 0.71 0.63 264.0 208.7 5 112,7 ~4.7 0.06 0.04
1943 521021, 28 208. 474 19.7 16.3 22,4 3.40 0.82 0.62 261.0 208.7 5 109.7 -4.5 0.08 0.05
2094 521107.11 225,203 22.7 27.3 17.7 2.80 0.73 0.76 243.0 225.7 8 108.5 -=h.6 0.13 (.08
2105  A31107.46G 225.394  31.7 13.2 16,9 2.29 0,68 0.74 249.0 225.7 0D 1147 0.0 0.16 0.10
2130 521112.23  230.439  21.7 31,3 17.4  3.40 0.77 0.80 236,0 230.7 10 106.3 -6.2 0.18 0.11
2134  A21112.26 230.470 22,7 32,3 18.1 3,60 0.78 0,79 238.0 230.7 0 108.3  ~-6.4 0.17 0.10
2013 521209, 20 257.7925 33,7  249.2 13,0  3.34 0.73 0.90 216.9 257.8 5 114:6 =2.1 0.26 0.16
2399 §521220.36 269.082  23.7 3.0 11,2 2,81 0.66 0.95 204.0 268.7 9 1124 =2.4 0.34 0.20
1O, B2 LEEA
NO DATE (UT) LS a 8§ VG i [ q n Q i i &) D b’
1708  520925. 46 182,973 18,7 9.3 27.9 1.52 0.81 0.28 307.0 182.7 2 12007 -1.2 0.35 0.38
1750  520928.44 185, 857 14.7 8.3 30.5 2.30 0.9 0.34 293.0 185.7 2 118.7 -L5 0.35 0.31
1821  531009.25 196.297 24.7 15.3 27.6 1.97 0.82 0.36 205.0 196.7 6 131.8 =43 0.29 0.27
1843 531010.32 187.356  22.7 13.3 25.4 2,01 0.79 0.43 287.0 197.7 3 124,79 -2.4 0.20 0.18
1877 531014.31 201.305  24.7 14.3 26.8 2.63 0.84 0.43 283.9 201.8 3 125,17 -2.h 0.22 0.19
1894  521016.29 203, 514 26.7  21.2 25.9 2,07 0.79 0.43 287.0 203.7 g 130.9 =7.3 0.22 0.19
1898  521016.38 203.604 28,7 13.2 23.4 1.76 0.74 0.46 285.9 203.8 2 120.7 -1.6 0.17 0.15
2023 521024.22 211.402 20,7 27.2 19.1 1.45 0.61 0.26 278.0 211.7 g 1208 -8.2 0.17 0.1
2156 521115.30 233.532  40.7 30.2 19.7  2.43 0.72 0.67 2h6.0 233.7 8 129.6 -6.8 0.10 0.06
2991  521200.27 257.796 52.7 24.2 14,3 2.44 0.66 0.83 232.8 257.9 2 130.7 -1.2 0.23 0.16
2291 521213.13 261.721 43.8 35.2 13.0 2.60 0.66 0.8% 221.9 261.8 7 123.5 =3.3 0.29 :0.19
9206  521213.18 261.772 50.7  21.2 12,2 2.32 0.62 0.88 224.6 262.1 1 126.7 -0.5 0.20 0.20
2317 521213.30 261.886 50.7 20.2 14.5 3.48 0.75 0.86 224.6 262.1 1 126.7 -0.5 0.25 0.16
2346  h21214.24 262. 851 48.7 20,2 12,7 2.78 0.68 (.88 220.6 263.1 1 123.7 =~0.B 0.28 0.18
2349  521214.28 262,891 41.8 40.2 13.3  2.72 0.67 0.89 220.0 262.7 8 122.4 -3.6 0.30 0.18
11. BU2LHEDB
NO DATE (UT) 1.5 I 8 Vi a 2 q w Q i i A 1] )
1893 521016.29 203.514 31.7 16,2 23.0 1.42 0,71 0.41 293.9 203.8 % 1300 =D 02h D223
1923 521019.39 206,594 32,7 16.2 2h.8 1.97 0.79 0.41 288.9 206.8 3 135.7 -2.4 0.26 0.24
2079 531103,29 221. 211 27 19.2 20,7 1.61 0.67 0.53 278.9 221.8 2 140.7 <].8 W15 012
9193  531204.40 252.595 55.8 34.2 19.4 3,18 0.77 0.72 247.0 2527 8 139.5 -G.0 0.11 0.08
2908 531208.35 256.607 53.7 24.2 148 2.47 0.67 0.81 235.8 256.9 1 1 S P 2 i 0
2309 531213.33 261.670 59.8 33.1 16.3 2.73 0.71 0.79 237.9 Z261.8 6 139.6 -3.9 0.14 0.09
12 540102.23 281.935 KO8 31,1 12,2 3.00 0.70 0.91 214.9 28L.8 3 136.7 -1.2 0.25 0.16

12, 387 LACKEA
NO DATE (UT) LS « & VG a @ q w Q i A i 4] i)
1706  520925.41 182,924 27. 83 0,18 324,

70132 27.8 1.05 0. 0 182.7 3 146.7 -1.2 0.25 0.40

1852 531012.28 199,294 34.7 15.2 33.3 2.33 0.91 0.22 309.9 199.8 2 149.7 ~-1L.1 0.23 0.3
1973 521022.30 209,490 40.7 19.2 28.5 1.82 (.83 0.31 300.9 209.8 3 180.7 -2.0 0.12 0.15
2011 521023.44 210.625 41.7 19.2 30.2 2.26 0.87 0.31 299.9 210.8 4 150.8 -2.7 0.13 0.16
2117 521111.25 229.453 48.7 22.2 22.6 2.12 0.75 0.54 273.% 229.8 3 1437 2.8 06015 0.18
2119 521111.34 220.844 52.7 21.2 25.0 2.27 0.79 0.47 280.8 224.9 2 150.7 -1.8 0.06 0.06
146 530120.26 300.565 75.8 31.1 10.6 2,56 0.64 0.93 209.8 300.9 2 150.7 -0.7 0.54 0.39

M
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BE~ |, HiLSEENT -2 #

13. 575 LAEEDBR

NO DATE (UT) LS t & VG i @ q w Q i P i D '
1834 531010.21 197.246 38,7 162 3.5 1.80 0.92 0,15 320.8 14T. 8 1 158.7 -0.4 0.23 0.41
1897  521016.34 203.564 41,7 18.2 34.6 2,15 0.92 0,17 315.9 203.8 3 159.7 -L5 0.21 0.36
2036 521024.39 211.572 44,7 19.2 31.1 2.15 0.88 0.27 303.9 2118 3 1567 =18 0.12 Q.15
2109 531109, 26 227.202  A4.7 23,2 28,3 2,33 0.84 (.37 2019 2278 4 159.7 -3.0 0.02 0.02
2080 531103,30 221.221  48.7 21.2 27.5  2.11 0,82 0.38 291.9 221.8 4 13,7 -=3.0 0.10 0.04
2081 53110832 221.241  54.7 22.2 31.0 2.05 0.87 0.27 304.9 221.8 4 166.8 -2.4 0.14 0.15
2086  531106.33 224.259 54.7 22,2 31.1 2.77 0.89 0.31 297.9 224.8 3 162.7 -2.1 0.08 0.08
2096  521107,17 225.354 557 20.2 28.0 1.92 0.82 0.34 296.7 226.0 1 1627 -0.7 0.06 0.04
2104  531107.44 225.374 52.7 22.2 28.0 2.34 0.84 0.38 2909 225.8 4 186.7 =3.1 0.06 0,03
2106 531107.48 225.414 54.7 21,2 28.6 2.26 0,84 0,35 283.9 2258 3 169.7 =2.2 0.01 0.0]
2121  B31111.47 229.425 57.7 242 26.3 L8 0.79 0.39 291.9 229.8 4 161.7  -3.0 0.07 0.05
2128 521112.20 230,409 57.7 24,2 29.1 2,76 0.87 0.37 280.9 230.8 4 160.7 =31 0.04 0.02
2143 521112.37 230.580 57.7 22.2 27.7 2.41 0.84 0.40 288.8 230.9 2 159.7 =1.6 0.04 0.05
2149  531113.34 231,307 H6.7 22,2 29.3 3.73 0.89 0.40 284.8 2319 2 156.7 -~LT 0.08 0.06
2150 531113.35 231.317 61.7 23.1 28.8 2.07 0.84 0.34 296.9 231.8 3 168.7  -Z2.1 0,13 0.05
2155 521115.29 233.522 60.7 24.1 27.4 2.19 0.82 0.39 289.9 233.8 3 0163.7 -2.3 0.06 0.05
2157 521116.32 233.552 59.7 23.1 27.0 2.36 0.82 0.42 2859 233.8 3 159.7 -2.5 0.06 0.08
2260 521212.26 260.836 738 27.1 19.3 2.28 0.71 0.66 257.9 260.8 3 158.7 -=2.6 0.33 0.3l
1 4. FYFw i

NO DATE (UT) LS Il [} VG a e q w Q i A i D D'
2100 531107,30 225.324 @3.8 24.1 31.6 1.63 0.87 0.21 313.9 225.8 4 179.8 2.0 0.40 0.48
2194 531204.40 252.595 80.8 2350 26.9 2.18 0.81 0.41 287.8 252.9 2 180.7 -1.6 0.19 0.18
2244 521211.28 259,840 87.8 26.0 26.1 2.17 0.80 0.43 284.8 259.9 2 184.7 -1.7 0.18 0.16
2319 521213.42 262.016 83.8 27.0 23.4 2.23 0.76 0.53 273.9 261.8 3 175.7  -2.9 0.09 0.06
2332  531213.45 261,792 84.8 26,0 24.3 2.30 0.78 0.50 276.9 =261.8 3 178.7 -2.8 0.09 0.08

136 530119,19 299,476 102.8 30.9 157 2.57 0.69 0.81 235.9 209.8 4 175.6 -2.5 0.24 0.17

155 530121.38 301.705 107.8 26.9 17.5 3.02 0.75 0.77 240.8 301.8 2 182.6 -1.4 0.19 0.13

187 540126.20 306.344 107.8 37.9 14.8 2.46 0.66 0.84 231.0 306.7 6 177.5 -3.4 0.28 0.18

192  540130.36 310.571 113.8 33.9 18.6 5.59 0.86 0.80 234.0 310.7 6 184.6 -3.6 0.25 0.16

f &



HE— 0, HHHALRMET — 26

9. 9 pdbnE

MR 14
IR B S 915, 82
Wik B 0. 147
i3 44 S 6. 21
[T 14t (i 72 2.673

W H R 111. 79
IT B S ERRAE R 8.016
A A EE R 1. 741

10. BUO2ULHEA

P ¢ 15
I B A B i 225. 66
LR R HR 0.188
L RTeg Fip e g eIl i) 4.27
Ji e {52 2. 853

T H AR 3R R Sy 126. 95
T A S ERRE e R 8,137
T H R EENER S 2,045

11. BOOLHB

HIRILE 7
PN Rl 240. 59
R B 0. 089
AT R F6 Tl 3.86
[l $52 i (i 7 1. 796

IT A SRR 137.51
I SRR 2. 127
TR AR HERE 1,302

12. B9 LIk#EA

TR 7
PNy Rl 223.13
iR B 0. 060
ihL 38 A B T 9094
[Fil e il = 0.612

UMER=S: ¥ ¢ Rl ) 149. 00
R SFRERERE 21T
UL B S R 0,661

I 3, 389 LALAEB

W 18
AR PR 225,74
BB 0. 283
AR A e i 3.00
(RIS 7 0. 667

T B SRR 160. 32
T AR R A 2. 754
IE R SR 0,602

1 4. AUy oAb

e i 9
PNy Rl 275. 52
R i H B 3 0.106
LI A L g 3. 56
(7] 452 HE (7 22 |. 284

LB ARSI 179, 99
T H PR ERE 2810
N F A S A 2

10/29

11/8

11/23

11/5

11/8

a
e
q

o E

—

bel
0. 0082608
-0. 001665
0. 0067263
-0. 999564
0.9977114
0. 0123465

a
0. 008609
-0. 001998
0. 0072865
-1. 019732
0. 9999174
-0. 005718

a
0. 0198056
-0. 000416
0. 0066619
-1. 00077
0.9924436
0. 023003

a
0.0087616
-0, 002078
0.0067249
-0. 986121
1. 0024348
~0. 008429

o
0. 0092762
-0. 003102
0. 0078087
-{. 9575621
0. 9946408
0. 0156805

a
0, 026048
-0. 00128

0. 0074373

-0, 991068

0. 9995392
(. 025889

/6

b
0.9821225
1. 1200163
-0. 798835
471. 57313

0. 669648
3. 5496104

b
0. 4226186
1. 1881686
-1.0316
491. 26582
0. 1722503
5. 5568913

b
-2. 426066
0.8172662
-0. 948859
497. 58496
1. 9759669
-1. 678344

b
0. 1036035
1. 266584
-1. 077661
505. 631
-(. 2856425
4.5949213

b
0.2146828
1. 5457014
-1. 409098
510. 27033
1. 6628666
-0.530123

b
-4, 493357
1. 1281118
-1.46023
037, 3906
(b, 2977484
-3. 577323

M35 078
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Z—3. mEMARER R (EHABERRAMIE

B (CEHKEBER)
B R4 BlIZREC HIRHIM | KIBER BT (585 (2000. 0)| .8 E| T H A5 M TEENE & &
(2000. 0) o S km/s A g |E/EHREL
ES18 |L L o FEEE o Leo (S) 1/13~ 3/21 319| 2/ 8 139 9 24 226 5 0.12
ES17 {RFriz pEt {& B Cnc 1/16~ 3/20 326 | 2/15 128 8 16 204 4 0.14
ES19 |L L x FEREA x Leo (S)-A| 1/23~ 3/20 336 | 2/25 156 4 24 245 5 0.14
ES20 |L L x FEEB xLeo(S)-B| 1/16~ 5/22 Tl 3/27 177 -4 20 260 3 0. 06
ES21 |k & HFERE Vir(s) 3/ 5~ 6/ 4 26| 4/15 193 -9 18 276 9 0.12
ES22 B & o FEEA aVir (S)-A| 2/12~ 6/ 5 36| 4/26 208 -16 21 297 3 0.10
ES23 |5 & ¥ o FEEB aVir(S)-B| 3/14~ 6/14 40| 4/30 215 -18 23 307 3 0. 06
ES24 | T A A FEEE Lib(S) 4/ 5~ 6/25 57| 5/18 231 -23 22 322 3 0.12
ES25 | &% V) 4 FEE % Sco(8) 3/19~ 7/15 63| 5/24 241 -23 24 334 2 0. 04
ES26 [(RFrEX TV ¢ BE { £ Sco 5/ 5~ 7/ 3 2| 6/ 2 250 -36 24 343 11 0.09 |#EHIE R
ES27 | &%V o BE @ Sco 5/ 5~ 8/ 6 79| 6/10 257 27 24 349 3 0. 07
ESOL |[~Tro\ 0 FEE g Oph (S) 5/ 9~ 8/ 6 79| 6/10 266 -28 27 5 5 0.13
ESO2 [WTHE Sgr 5/29~ 8/14 97| 6/29 284 -31 2T 17 8 0. 05
ES03 [ X R o Cap (S) 6/24~10/13 128 | 7/31 308 —22 23 33 2 0. 06
ES04 | 23238  FEE ¢ Agr (S) 7/19~10/16 157 | 8/30 343 -11 24 73 3 0. 10
ESO5 {RFRS U6 o #E {7 ¢ Cet 7/21~11/ 6 179 | 9/21 6 -14 22 88 11 0.06 |HEFHER
ES06 |9 ISEEREA Psc(S)-A | 9/20~10/24 192 | 10/ 5 9 -3 21 93 4 0. 30
ES07 |2 BEEREB Psc(S)-B | 8/31~12/ 9 196 | 10/ 9 17 3 23 108 3 0.12
ES09 |[< L HBEA Cet-A 9/19~12/10 203 | 10/16 31 6 25 127 6 0.17
ES10 [ L6HBEB Cet-B 9/25~12/11 200 | 10/13 33 8 27 137 5 0.17
ES11 | LHEEC Cet—C 10/ 2~ 1/15 207 | 10/20 39 10 28 143 5 0.17
ES13 |5 LEREA Tau(S)-A |10/ 9~11/17 207 | 10/20 42 14 28 149 5 0. 42
ES08 |9 BEEEC Psc(S)-C | 9/17~ 1/17 291 [ 11/ 3 35 4 21 117 6 0. 05
ES14 |9 LEEEB Tau(S)-B  [10/14~ 1/ 1 233 | 11/14 58 15 27 156 5 0. 27
ES12 URFr— U ¥ X A B8 IR BEri 11/ 9~ 1/14 252 | 12/ 4 73 -6 28 145 22 0.06 [HEFIER
ES15 |4 U A x HEEA x Ori (8)-A |11/ 2~ 1/20 259 | 12/10 81 14 23 171 0.11
ES16 |4V A x BIEEB 2 0ri(S)-Bl12/ 4~ 2/ 5 268 | 12/20 91 18 24 183 5 0.14

Sbo-‘QSH
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H—4. HHEEREH & (FIURBHEER MHIE)

% WA (CEHAEER)
5 MERERA BIREC IR | RIBER B 5855 (2000, 0)|HLOEEE| T B AT TEEE i &
(2000. 0) o h) km/s A g |E/EZEL

TRO3 Efr R < £ v BE {Z v Ma 1/13~ 4/11 339 2/28 182 52 8 226 -10 0.06 |BEAR A
TRO2 [(RFrB B E u B & 1 UMa 1/13~ 5/ 3 344 | 3/ 5 152 40 5 206 -3 0.04|
TRO4 R Fr= v 7 0 BE {& 6 Crt 2/20~ 6/ 3 2| 3/23 172 -6 7 257 2 0.05 | &
TRO6 {RFRD> DT o BE {2 a Com 1/15~ 6/ 4 4] 3/25 196 19 9 278 —7 0.04 |BEAZ S
TRO5 MEFR S L B EE & B Boo 3/13~ 6/ 4 26| 4/ 5 227 46 10 261 -13 0. 07 N
TRO7 URFRES Lo B {R o Boo 2/26~ 6/ 9 26| 4/ 5 218 28 12 281 -14 0.04| m
TRO8 {EFrds & v BE {F v Vir 3/13~ 5/ 9 22| 4/12 212 -1 10 310 —4 0.07| »
TRO9 [{EFrds & & ¢ BE Ko Vir 2/12~ 6/23 97| 4ljy 221 1 9 321 -5 0.04| n
TRO1 {EFr~Lt U A vBE |[{RvPer |10/ 9~12/31 226 | 11/ 8 59 42 4 166 -3 0.05|

So-§5IA
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Z—5. E{TEAREN % CEXKBHEE E )

H K CEELRR #EE)
e 71 PRt i GlES HEHAR  RBBERRR| BT MR A (2000. 0) [HLCRAE| T H ST THEhEE i %=
(2000. 0) o 5 km/s A B /L
DHO6 | L S/ &R Qua 1/ 1~ 1/13 283 | 1/ 4 230 49 41 100 9 1.76 1 »
DHIT [{RED X S iTA ol [{RaCVn 1/ 4~ 4/26 344 | 3/ 4 197 37 32 244 -40 0. 07 [BE2E s
DH14 {852 Lanby o B 1R ¢ Boo 1/26~ 5/ 8 3| 3/24 220 50 27 221 -27 0.09| n
DHIZ2 [Z & BEA Lyr—A 3/19~ 5/ 1 23| 4/12 283 46 39 201 4 0.17| »
DHI1 {50 w5 o B K ¢ Dra 3/18~ 6/ 3 23| 4/13 274 68 24 199 3 DlT|
DHI3 |Z LB Lyr-B 3/21~ 4/22 27| 4/17 265 34 45 218 -39 0.22|
DHI8 |Z & o B alyr 1/16~ 6/ 9 32| 4/22 252 38 36 246 -39 0.12| »
DHI5 [{rfr~nv 7 LA BE iR o Her 3/20~ 6/ 8 40| 4/29 278 52 36 225 -8 0.14( n
DH22 | Ade b o a CrB 4/ 1~ 5/ 9 40 | 4/30 247 25 35 286 —47 0.14| »
DH21 [~TMILEE Ser () 3/13~ 8/ 5 59 | 5/19 276 32 11 266 —47 0.05| n
DH20 AR » 74 Ko 7 BE| « Dra 4/ 2~ 6/25 62| 5/23 251 49 24 264 -15 0.20] »
DH19 [{EFrE< b x 9 yHE |{RyCyg 4/ 6~ 6/13 63| 5/24 294 38 45 250 -31 0.11| »
DH23 |hAde Y ERE ECrB S Ll A 66 | 5/27 250 34 24 288 -23 0.13| »
DH24 |~U'palE Ser (S) 3/30~ 8/25 83| 6/13 288 35 38 296 -44 0.04|
DH25 PR Z & p B B p Lyr 4/30~ 8/ 5 92| 6/23 273 41 26 305 -24 e
DH26 1Z< b x 2 A Cyg—A 5/ 6~ 8/25 112 7/14 283 43 24 326 -23 0.10] »
DHO7 | A3 7% & Bkt § Aqr(S) 7/21~ 7/29 124 | 7/27 340 -18 41 102 14 0.52 |F-32 55
DHP1 | #7255 D 5 33 o BE a PsA 7/28 125 7/28 339 -27 41 85 23 = F2Z 88
DHO8 | =4 2 2 B#EB B Peg-B 7/15~10/13 145| 8/18 343 16 35 102 -31 0. 06 |[F55 55
DHO4 | =HF A A BREA B Peg—A 7/15~10/22 164| 9/ 6 346 29 27 88 -31 0.07|
DHO1 [iE<H £ S HEB Cyg—B 7/24~10/12 169 | 9/11 314 55 27 19 -23 0. 08 |FE2Z A
DH27 E¥T 7= R e ff |{K x Cep 9/ 1~ 9/28 173 | 9/16 306 83 37 356 -5 0.15| »
DHO3 [iZ< b x HBEC Cyg—C 7/29~10/10 176 | 9/19 323 48 23 39 -23 0.06| n
DHOZ |{R#r&x v A v B¥ {R v Cam 8/13~11/19 197 | 10/10 42 72 44 38 -55 0.04| »
DHOG {EF~it 7 2 o fE  |{R ¢ Per 9/10~12/14 205 | 10/18 25 50 35 116 -45 0.05[ »
DHIO |{RFAE x L % ¢ fi¥ {i ¢ Aur 10/ 7~12/11 997 | B 9 76 44 31 194 -22 0.06| n
DHO5 |{RFRE Y A o Bif {i o Cam 8/18~ 1/13 228 | 11/10 82 74 39 98 -58 0.05|
DHP2 A U A x BEM x Ori-M 11/12~11/20 234 | 11/16 83 15 46 211 12 = fif 22 53
DHI6 VoK Uwp H B Yon 12/10~12/17 261 | 12/13 106 9 42 225 24 0.83 |5 225
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[F1. 7 vy e X AMERSHE] aCon-p 0309-0602 0417 197 +16 19 +0.4 +0.1 s
Mgt ] : 2 a vy sHD: Vir-N-B 0301-0614 0416 200 -04 21 +0.5 -0.1s
s : nUMa-p  0320-0521 0418 204 +51 17 +40.5 +0.7 s
PZT -p 1. OB alUMi-p  0321-0405 0405 204 +78 17 -1.8 +1.2 s
ic JEENUIR Mok iES A R EERRE Y aVir 0310-0506 0412 204 -11 24
(January> MD MD MD a & kn/s da ASHL  aVir-N  0320-0507 0418 207 -06 23 +0.5 -0.1 s
£Aur-N  1211-0115 0102 65 +57 13 BCom-p 0217-0605 0418 208 +41 18 +0.5 +0.5 s
¢ Aur 1211-0121 1231 77 +35 13 aVir-S-A 0212-0605 0426 208 -16 21 +0.5 -0.2 s
p Gem 1228-0128 0108 108 +32 20 +1.1 -0.2 TVir-p  0212-0619 0414 209 +02 25 +0.5 -0.1s
CVn 0113-0130 0124 112 +10 18 +1.0 -0.4 »Vir-p 0313-0509 0412 212 -01 10 +0.7 +0.2 s
xGem-A-p 1214-0411 0128 120 +30 19 +0.4 40.1s  @Vir-S-B 0314-0614 0430 215 -18 23 +0.4 -0.8 s
7 Vel 1219-0106 0101 125 -49 41 Vir-Apr 0401-0416 0411 216 -01 27
8 Cne 1214-0214 0115 128 +20 26 +1.0 -0.2 oBoo-p 0226-0609 0405 218 +28 12 +0.7 +0.1 s
& Cne-S - 0119 133 +14 26 SVir-p 0212-0623 0417 221 +01 9 0.5 -0.1s
aHlya 0115-0130 0120 140 -09 41 uVir-p  0306-0604 0423 221 -03 26 +0.6 0.0 s
aleo 0113-0213 0127 156 +09 81 BBoo-p  0813-0604 0405 227 +46 10 +0.7 +0.1 s
5 Car 0114-0127 0121 160 -59 41 Lib 0413-0421 0416 236 -15 31
5 Crt 0111-0122 0116 176 -17 57 aCrB 0401-0509 0430 247 +25 35 +0.8 +0.1 s
Com-A  0113-0123 0118 189 +19 64 +0.7 -0.4s  alyr 0116-0609 0422 252 +38 36 +0.9 +0.3 s
Com-B  0102-0116 0107 190 +19 66 +0.2 +0.0 s Lyr-B  0821-0422 0417 265 +34 45 +1.1 40.1 s
yHya-p 1220-0218 0123 204 -22 71 +0.7 -0.2 s Lyr 0416-0425 0420 272 +33 48
Boo-Jan 0109-0118 0115 226 +44 28 dDra-p 0318-0603 0413 274 +68 24 +1.3 +0.2 s
Qua 1228-0107 0103 229 +49 41 tHer-p  0320-0608 0429 278 +52 36 +0.6 +0.6 s
Qua 0101-0113 0104 230 +49 41 +1.5 -1.3 s Lyr-A  0819-0501 0412 283 +46 39 +2.1 +0.2 s
Dra-Jan 0113-0117 0115 246 +62 31 7 Dra 0313-0417 0401 285 +69 21
{February> o Pav 0403-0408 0406 303 -63 59
Aur 0131-0228 0207 74 +42 8 +0.7 +0.8 Psc-Apr 0408-0429 0420 T +05 27
BCnc-p 0116-0320 0215 128 +08 16 +0.8 -0.2 s  <May>
SLeo-S  0118-0224 0203 135 +08 22 aBoo-B  0319-0614 0509 214 +18 16 +0.4 +0.4 s
¥ Gem-B-p 0113-0503 0221 137 423 17 +0.3 0.0 s Lib-N-A 0408-0623 0515 224 -13 20 +0.4 -0.1 s
alyn-p 0113-0407 0204 137 +38 20 +0.7 +0.1 s  «Boo-A  0328-0614 0515 226 +32 17 +0.4 +0.4 s
aleo-S 0113-0321 0208 139 +09 24 +0.5 -0.4 s  aBoo-C  0416-0625 0516 229 +24 18 +0.5 +0.5 s
yLeo-S-A 0123-0320 0225 156 +04 24 +0.4 0.2 s Lib-S  0405-0625 0518 281 -23 22 +0.5 -0.2 s
8 Leo 0205-0319 0222 156 +18 22 Lib-N-B 0404-0623 0520 233 -11 21 +0.5 +0.0 s
oleo 0209-0313 0226 169 +14 26 +0.9 -0.4 Lib-May 0501-0509 0506 233 -18 26
yUMa-p 0113-0411 0228 182 +52 8 +0.7 -0.1 s  xSco-S 0319-0715 0524 241 -23 24 +0.5 -0.1
BCen 0202-0225 0208 208 -58 59 £CrB 0401-0703 0527 250 +34 24 +0.4 +0.5 s
a Cen 0202-0225 0208 216 -60 57 BDra-p  0402-0625 0523 251 +49 24 +0.8 +0.6 s
BooFebA 0113-0313 0206 217 +21 61 +0.5 -0.4 s OphMayS 0421-0604 0515 252 -23 31
BooFebB 0121-0220 0210 230 +11 64 +0.5 -0.5 s OphMayN 0408-0616 0518 253 -15 29
CrB-Feb 0205-0308 0222 243 +22 59 +0.1 -0.1s  &Aal 0504-0527 0517 276 +13 81
Cap-Sgr 0113-0228 0201 299 -15 27 Ser-N  0313-0805 0519 276 +32 41 +0.9 +#0.4 s
y Cap 0129-0228 0213 315 -24 27 yCyg-p 0406-0613 0524 294 +38 45 +1.2 40.5 s
March> 1 Aqr 0421-0512 0505 336 -01 64 +1.0 +0.4
nLeo-p 0115-0415 0303 150 +21 16 +0.4 +0.0 s 1 Aqr 0505-0612 0510 340 +00 69 s
£ UMa-p  0113-0503 0305 152 +40 5 +40.6 40.2 s Psc-May 0504-0527 0512 13 +22 35
oLeo 0217-0313 0301 157 +05 22 o Cet 0507-0609 0519 28 -03 36
aleo-N  0115-0506 0304 161 +17 21 +0.5 -0.1 s Ari-May 0504-0606 0516 87 +18 25
OCrt-p 0220-0603 0323 172 -06 7 +0.4 -0.3 s  s&Ari 0425-0527 0509 44 421 21
Leo-UMa 0318-0407 0328 176 +23 16 <June>
BLeo 0214-0425 0320 177 +11 15 Crv E 0627 192 -19 11
x Leo-S-B 0116-0522 0327 177 -04 20 +0.5 -0.2 s Boo-Jun 0627-0705 0628 223 +58 16
yLeo-N  0205-0412 0326 180 +07 20 +0.5 -0.1 s  tTHer 0519-0619 0609 236 +41 16
& Leo 0206-0605 0330 181 +30 17 +0.5 +0.3 s wSco 0519-0711 0604 243 -22 20 +0.9 -0.2
zVir 0213-0408 0306 182 +03 30 ¥Sco-N  0417-0725 0601 245 =09 21 +0.4 -0.1 s
nVir 0224-0327 0318 185 +03 23 ¥ Sco 0506-0702 0601 245 -12 20
@ Vir 0310-0421 0320 194 -02 81 +0.9 -0.3 £Sco-p  0505-0703 0602 250 -36 24 +0.5 -0.2 s
eVir-p 0115-0604 0325 196 +19 9 +0.5 +0.1 s  AOph-p 0412-0809 0611 254 +03 21 +0.4 0.3 s
LMi 0104-0426 0304 197 +37 32 +1.0 +0.0 s aSco 0505-0806 0610 257 -27 24 +0.5 -0.1 s
tBoo-p  0126-0508 0324 220 +50 27 +1.0 +0.2 s Oph 0519-0702 0620 263 -20 24
nDra 0322-0408 0330 244 +62 27 O0ph-N  0426-0916 0616 265 -17 22 +0.5 +0.0 s
7 Nor 0311-0321 0316 245 -49 61 0 Oph 0521-0616 0610 265 -28 27
Aqr-Mar 0312-0316 0314 340 -08 81 CSer-p 0507-0820 0621 266 —06 22 +0.4 +0.3 s
& Men 0314-0321 0318 55 -80 34 O0ph-S  0509-0806 0610 266 -28 27 +0.6 0.1 s
<April> pLyr-p  0430-0805 0623 273 +41 26 +0.3 +0.6 s
7 Pup 0418-0425 0423 112 -43 15 Lyr-Jun 0610-0621 0615 278 +35 27
UMa—Apr 0318-0509 0419 149 +55 9 Sct-Jun 0602-0729 0627 278 -04 19
yVir 0405-0421 0414 185 -01 14 +0.7 +0.2 & Sgr 0601-0715 0618 278 -25 28
Vir-N-A 0211-0602 0410 192 +00 19 +0.5 0.1 s Sgr 0529-0814 0629 284 -31 27 +0.6 +0.0 s
BLeo 0308-0528 0423 193 +26 15 +0.3 +0.4 s Ser-S  0330-0825 0613 288 +35 38 +0.7 +0.6 s
Vir-S  0305-0604 0415 193 -09 18 +0.5 0.2 s Aql-Jun 0602-0702 0611 289 -06 37
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Sgr 0608-0616 0611 304 -35 34 And 0810-1213 1011 5428 22 0.3 +0.5 s
A Peg 0523-0715 0610 324 +25 §9 +0.T -0.1 s Psc-S-A 0920-1024 1005 9 -03 21 +0.5 +0.2 s
Ari 0522-0702 0608 45 +24 37 +0.5 +0.3 n Cet 0920-1102 1004 15 -13 18

¢ Per 0520-0705 0613 63 +26 28 +1.1 +0.4 Psc-S-B 0831-1209 1009 17 +03 23 +0.4 +0.1 s
B Tau 0605-0718 0630 79 +21 28 CetOctN = 1010 21 +08 22
July> CetOctS = 1001 21 -10 24
oDra 0706-0724 0715 271 +59 29 Psc-N  0916-1220 1029 24 +20 20 +0.4 +0.4 s
oOph-p 0430-0813 0704 273 +18 21 +0.4 +0.6 s ¢Per-p  0910-1214 1018 25 +50 35 +0.7 +0.7 s
alyr 0709-0720 0714 280 +38 24 Psc-N - 1012 26 +10 26
BSct-p 0512-1006 0715 281 +00 20 +0.3 +0.4 s Cet—A  0919-1210 1016 31 +06 25 +0.5 +0.1 s
Cyg-A  0506-0825 0714 283 +43 24 +0.2 +0.6 s Ari-Oct 0907-1027 1008 32 +08 29 +0.9 +0.4
yAgl-p 0609-0913 0721 291 -01 21 +0.4 +0.2 s Cet-B  0925-1211 1013 33 +08 27 +0.6 +0.1 s
o Cap 0714-0725 0720 307 -15 128 Cet-0ct 1023-1030 1027 39 +00 2%
aCap-S 0624-1013 0731 308 -22 23 +0.5 +0.0 s Cet-C  1002-0115 1020 39 +10 28 +0.5 +0.2 s
7 Cap 0616-0729 0712 311 -15 27 Tau-S-4 1009-1117 1020 42 +11 28 +0.4 +0.1 s
a PsA 0716-0813 0730 337 -28 39 yCam-p 0813-1119 1010 42 +72 44 +2.0 0.6 s
S Aqr-S  0714-0818 0729 339 -17 40 +0.9 +0.4 & Per 0813-1102 1001 58 +44 59 +1.1 +0.1 s
aPsA - 0728 339 -27 41 s AOri-p 0710-1024 1004 78 +14 62 +0.8 +0.1 s
SAqr-S  0721-0729 0727 340 -18 41 +0.9 -0.2 s JAur 0922-1023 1010 85 +52 60 +1.2 0.1
BAri-p 0622-0829 0728 24 +21 70 +0.7 +0.3 s Ori-A  0917-1107 1021 95 +15 67 +0.7 +0.1 s
AAri-p  0430-0830 0712 25 +25 67 +0.7 +0.3 s Ori 1015-1029 1021 95 +16 66 +1.2 40.1
Phe-Jul 0709-0717 0714 32 -48 46 ¥ Gem 0926-1106 1021 96 +15 63 +0.4 +0.1 s
<August> Ori-B  0919-1023 1020 96 +15 68 +0.6 +0.0 s
7 Leo 0814-0912 0825 156 +20 22 £ Gem 1010-1027 1018 103 +25 69 +0.7 -0.1
aUMa 0809-0830 0813 165 +63 30 & Gem 1014-1027 1020 103 +27 69 +0.7 -0.1 s
7 2

Cyg-B  0725-0925 0823 285 +46 21 -0.5 +0.4 s elya 0830-0121 1023 109 +13 70 +0.
£ Cyg 0726-0901 0813 290 +54 26 +0.5 +0. Sex 0924-1009 1001 153 -02 31
a Cap 0715-0911 0801 307 -08 21 LMi-Oct 1022-1024 1024 161 +36 62 8

e oon
(o]

o Cap-N-A 0715-1013 0809 308 -09 20 +0.3 +0.3 s  <November>

a Cap-N-B 0609-1009 0811 316 -10 22 +0.5 +0.2 s  aPeg 1029-1112 1104 340 +23 11

o Cap-N-C 0629-1029 0829 331 -06 21 +0.5 +0.2 s And = 1114 26 437 19

¢ Agr-S  0701-0918 0806 8337 -12 30 +1.1 +0.2 Psc-S-C 0917-0117 1103 35 +04 21 +0.5 +0.0 s

6 Aqr-N = 0805 3841 -01 41 s Ari-A  0925-1214 1108 38 +21 21 +0.4 +0.2 s

BPeg-B  0715-1013 0818 343 +16 35 +0.5 +0.5 s Tau-N-A 0925-0120 1105 48 +21 26 +0.6 +0.2 s
¢ Aqr-S  0719-1016 0830 343 -11 24 +0.5 0.1 s Ari-B  1016-0102 1123 50 +25 19 +0.4 +0.2 s

S Aqr-N  0716-0910 0813 344 +02 35 +0.9 +0.3 Tau-S 0917-1127 1103 53 +12 28 +1.0 +0.3

» Peg 0725-0819 0808 349 +18 49 Tau-N 1012-1202 1105 54 +21 29 +0.8 +0.2

¢ Aqr-N  0811-0910 08256 350 +00 26 +1.0 +0.1 Tau-N-B 1010-1212 1108 55 +22 29 +0.6 +0.2 s

zCas-p 0715-0821 0806 g +45 58 +0.7 40.0 s Tau-S-B 1014-0101 1114 58 +15 27 +0.6 +0.0 s
Cas 0716-0814 0801 16 +58 56 +0.1 40.1 s yPer-p 1009-1231 1108 59 +42 4 +0.5 +0.1 s

BPer-p 0511-1104 0827 40 +41 64 +0.8 +0.1 s ghAur-p 1007-1211 1109 76 +44 31 +0.7 +0.0 s
Per-A  0729-0831 0810 40 +58 59 +0.0 +0.1 s  aCam-p 0818-0113 1110 82 +74 39 +2.6 +0.4 s
Per 0723-0822 0812 48 +57 60 +1.4 +0.3 ¥0ri-Nov 1112-1120 1116 83 +15 46 8
Eri-Aug 0802-0827 0811 50 -05 63 Mon-Nov 1027-1209 1116 107 +05 59 +0.8 -0.1 s
Per-B  0808-0830 0814 51 +59 59 +0.5 +0.5 s Mon-Nov 1113-1202 1121 109 -06 56 +0.8 -0.4

ATau-p 0810-0917 0825 56 +16 70 +0.7 +0.1 s {Mon-p 0917-0121 1107 119 -03 66 +0.7 +0.0 s

{September> Leo-A 0918-1214 1104 142 +28 70 +0.9 -0.3 s

nDra 0828-0923 0912 249 +63 20 Leo-B  0930-1214 1109 148 +22 71 +0.9 -0.Z s

kCep-p 0901-0928 0916 306 +83 87 -3.2 +0.3 s Leo 1114-1120 1117 153 +22 72 +1.0 -0.4

#Cep—p 0724-1012 0911 314 +55 27 +0.0 +0.7T s  <December>

7 Cyg-p 0729-1010 0919 323 +48 23 +0.0 +0.6 s Phe 1129-1209 1204 15 =52 12

7 Aqr 0901-0914 0907 333 -05 17 SAri-S 1208-0102 1221 51 +21 15

BPeg-A 0715-1022 0906 346 +29 27 +0.4 +0.6 s  SAri-N 1208-0102 1221 54 +25 13

7 Pse 0910-1005 0924 350 +03 18 BEri-p 1109-0114 1204 73 -06 28 +0.6 -0.2 s
¢ Aqr-N-A 0805-1024 0922 355 +07 28 +0.4 40.3 s  xOri-S-A 1102-0120 1210 81 +14 23 +0.5 -0.1 s
Pse 0812-1007 0911 0 +04 27 xO0ri-N 1116-1216 1210 82 +2Z3 23

¢ Aqr-N-B 0818-1003 0819 1405 25 +0.4 +0.3 s  xOri-S 1202-1218 1210 88 +20 24

¢t Cet-p  0721-1106 0921 6 -14 22 +0.5 0.0 s  xO0ri-S-B 1204-0205 1220 91 +18 24 +0.5 +0.0 s

x Per 0716-1021 0906 59 +49 64 +0.6 +0.1 s ¥ 0ri-N 1107-0130 1227 94 +29 22 +0.5 +0.2 s

aPer 0809-1006 0908 68 +52 63 +40.7 40.2 s Mon-Dec 1109-1218 1211 101 +10 42

pAur-p  0813-1024 0928 79 +38 67 +40.9 +0.0 s Mon 1210-1217 1213 106 +09 42 +0.2 +0.2 s

a Aur 0812-0927 0906 81 +40 68 +0.8 +0.2 s CMi 1204-1215 1211 109 +12 38 +0.5 -0.4

a Aur 0825-0806 0901 85 +41 67 Gem 1204-1216 1213 112 +32 35 +0.7 -0.1 s

BAur 0831-1029 0928 108 +44 68 +40.9 40.0 s Gem 1206-1219 1213 113 +33 35 +0.8 -0.3

<0ctober> ollya 1204-1215 1211 127 +02 59
Dra 1006-1010 1009 262 +54 20 oliya 1204-1215 1212 128 +02 58 +0.9 -0.1 s

7 Dra = 1009 271 +47 17 8 LMiDecB 1023-0117 1212 157 +34 62 +0.8 -0.4 s

o Cyg 1004-1010 1009 300 +51 17 LMiDecA 1210-0115 1228 162 +26 61 +40.7 -0.5 s
Cyg-Oct 0926-1010 1006 311 +55 21 Com 1208-0123 1224 165 +30 63

aCyg 0922-1011 1004 316 +52 17 UMi 1217-1224 1222 217 +76 34

i Peg 0727-1112 1008 350 +12 17 +0.0 +0.3 s UMi 1217-1228 1222 218 +76 34 ]
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FHBAFIROMY THB. ORNITHES, BRMG10). B(251). BIINC242). £MH202). #
(179D BHRT(155), I (133). KA. BJIC06). TFHO9),

3. HHEE

BERESANTITAEELTLTHT S, kOEORE(Very Slow)h ol d #O 2 (Very Rapid)
FTH THBEOAEEIZSET S, EOIFOMOARELTLHETI2HE4EHD. AFITHL1 3
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DOHBbDiT1l, 01 8IEHETH -7,

MR & AAAEORMINIRENKZD, L LBEBXLXZORTA2RBIENTES, Bl
NI-EE S OME & fEED SREMAME Uz, £ LTI N Ic AR ERER OB EN
HEE L DB AT - 2o TREBOLZEOBNEE L, Kronk(1988) (31D #EN 5 £4)11(1990)[4]
DHETERD I,

HelskE R A7 1 127”7, Rather Rapid & Rapid OMAEIFIE. MEF BRI 5 B+
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Table.1 Visual angular velocity and observed velocity. (all data).

Vis. angular  obs. mean Yo(km/s)
velocity  no. meteor streams (Vo km/s) +/-S.D. (km/s)

Very Slow 2

6 Alpha-Capricornids(24) Chi-Orionids(26) etc. 22.?

Slow 69 Alpha-Capricornids(24) Chi-Orionids(26) 24.9
Piscids(2§) etc. 4.7

43 Kappa-Cygnids(29) Piscids(29) 27.0
Northern-Taurids(31) etc. 3.5

Rather Slow 76 October—Cetids(28) Northern-Taurids(31) 30. 5
Geminids(37) etc. 6.4

71 October-Cetids(28) Kappa-Cygnids(29) etc. 3é.g

Nedium 130 Southern-lota-Aquarids(32) 33.1
Northern-Delta-Aquarids(37) etc. 10. 8

74 Geminids(37) Quadrantids(43) etc. 3%.3

RatherRapid 131 Northern-Delta-Aquarids(37) 46. 1
November-Nonocerotids(57) etc. 16. 2

92 Sigma-Hydrids(60) Orionids(67) 63.9

Leonids(72) etc. 10. 9

Rapid 255 Geminids(37) Lyrids(49) Perseids(61) 590. 8
Eta-Aquarids(65) Orionids(67) Leonids(72) etc. 10.0

30 Sigma-Hydrids(60) Orionids(67) 65. 6
Epsilon-Geminids(70) etc. 5.2

Very Rapid 30 Eta-Aquarids(65) Orionids(67) Leonids(72) etc.  68.2
3.5

Total 1,018
Table.2 Visual angular velocity and observed velocity. (Kazuhiro Osada).

Vis.angular  obs. mean Vo(km/s)
velocity no. meteor streams (Vo km/s) +/-S.D. (km/s)
Very Slow 0 = =

4 Alpha-Capricornids(24) Ophiuchids(27) etc. 25.1
2.4
Slow 10 Gamma-Piscids(21) Omega-Scorpiids(23) 27. 6
Northern-Taurids(31) Ursids(36) etc. 8.3
12 Kappa-Cygnids(29) Northern-Taurids(31) etc. 29. 7
2.3
Rather Slow 10 Geminids(37) etc. 37.0
30 Kappa-Cygnids(29) October-Arietids(31) 32.2
Alpha-Pisces-Australids(42) etc. 6. 6
Medium 29 Northern-Piscids(28) October-Arietids(31) 38. 8
Southern-Delta-Aquarids(42) Lyrids(49) etc. 8.5

33  Southern-lota-Aquarids(32) 39.2
Southern-Delta-Aquarids(42) Lyrids(49) etc. 8.0

RatherRapid 17 = =
95  Perseids(61) Orionids(67) Leonids(72) etc. 66.6

5.0

Rapid 7 Orionids(67) etc. 67.0

4 Leonids(72) etc. 79.0

Very Rapid 1 - =

Total 182
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Table. 3 Predicted radiants and observed radiants.

Object Date(UT) R.A. Dec. VG Delta e q Peri. NODE i
1991BA 0.682 0.713 70.7 118.9 2.0
Predict 108.3 18.9 18.6 0.041 0.682 0.685 75.5 114.1 2.0
Obs. 1997 Jan 14.21 108 21 2% dmeteors Rad. width=2deg. HR=4.0
19961G 0.661 0.612 279.7 53.4 5.3
Predict 943.6 -13.2 19.8 0.030 0.661 0.627 267.6 65.5 5.2
Obs. 1995 May 27.18 241 -15 27 pmeteors Rad. width=4deg. HR=1.5
1996SK 0.797 0.494 283.4 198.3 2.0
Predict 24.7 +12.7 24.7 0.012 0.797 0.488 278.6 203.1 2.0
_ Obs. 1996 Oct 16.10 28 _+12 37 __ 3meteors Rad.width=3deg. HR=1.4 _
Predict 95.9 +12.9 24.5 0.004 0.797 0.495 277.7 204.0 2.0

Obs. 1996 Oct 17.06 30 +I11 37 dmeteors Rad.width=4deg. HR=1.5
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Abstract:

The structlure of the sporadic meteor complex is determined [rom the data in 10 orbital surveys. In addition
to the previously known apex, helion, antihelion and northern toroidal sources, we find a southern toroidal
source and a splitting of the apex source. The size of the sources and possible origin of meteoroids from
each region are discussed.
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Figure 7. The orbital elements for the north apex source region. The plots represent (clockwise from upper left) the eccentricity (e) distri-
bution, the distribution of the semimajor axis () in au, the geocentric velocity V,inkm s~ and the inclination { in deg.
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Figure 8. The orbital elements for the antihelion source region. Details as in caption to Fig. 7.
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Table 1. Details of surveys employed for sporadic distributions (see Lindblad 1992),

Mos~rog

Table 3, Characteristics of sporadic sources. Radii are in deg, longi-

tude is Sun-centred, and latitude i iptic.
— Type of N o s Less - eis centre latitude is ecliptic
Survey Meteor Sin Twenty .
Orbits Showers  Showers Survey Data AH H NA  5A NT ST
radii 25 0 B - S
Harvard | Radar 19327 17838 15186 1961-1965 Hervard [ strength .58 .35 .46 1B 1 -
199 341 269 275 273 -
Harvard 11 Radar 19698 18853 16269  1968-1969 i 5 3 mm | Al m
Adelaide 1 Radar 2092 17714 1336 1960-1961
radii 18 19 22 - 18 &
Adelaide IT Radar 1667 1527 1335 1968-1969 Harvard 11 strength AT 200 35 0 1 £
! long 199 341 270 270 274 -
Obninsk Radar 9354 8000 7215 1967-1968 i i 4 a5 S 5
Kharkov Radar 5327 5093 4560 1975
. radii 16 15 - - - 17
Super-Schmidt Photo 2529 213 1679 1952-1954 Adelsidel  sreaghh i 57 14 24 . e
Soviet Phota Photo 111 622 419 1952-1976 |l°:u }f’ :‘5 f? 21"': : 2:;
B 3 5 -
Harvard Precise Photo 1245 1015 T12 1936-1959
: radii 14 0w - . - 15
Firchall Photo 554 512 354 19631983 Adolaido Tl stremgth I 4 4 @ . s
long 195 344 712 273 - 280
Tt -5 0 7 4 - -60
Table 2. Meteor streams and their associated orbital elements fil- : radii - - 23 - - -
tered out of the surveys. Here  is the argument of perihelion in P ;tml " & = 268 - = .
deprees, e is the orbital eccentricily, g is the perihelion distance in I::‘s o & 20 = - -
au, i is the inclination, and € is the longitude of the ascending nade
{1950.0). From McKinley (1961) and Cook (1973). radii 1716 15 - 17 -
Kharkov strength ek .27 1 - 53 -
long 201 141 72 - 267 ¥
Stream Ll e 4 i o lat 5 3 0 - 55 -
Perseids I51.5 0965 0953 1138 139
radii 17 - - - - -
Geminids 3243 0896 0142 236 261 SupesSchmidt -k:uth
Orionids §2.5 0962  0.571 163.9 28 lang 189 - - - - 5
Arietids 29 04 0 2 n e s ) ’ ) ) ’
Quadrantids 170 0.683 0977 125 282.7 radii v - - - - .
Delta Aquarids 152.8 0976 006 272 305 HoviFhoto :;n";""' S ) } ) ;
Zeta Perseids 60 0.79 0.35 0 8 Iat 3 - 2 - - -
North Delta Aquarids 333 0973 0.07 20 139 wadii & _ .
South Tota Aquarids 128 0.92 0.23 6 all Harv.Precise  slrength
North lota Aquarids 308 0.84 027 5 151 ‘L‘:‘* ;“ y - - - >
Kappa Cygnids 204 0.76 0.97 37 144
Lyrids 214 0.97 092 80 n il radii " :5 : El x - 2
2 Fi st - a4 - - -
Ela Aquarids 109 0.83 0.70 158 44 ' 1;:;81 184 - 271 - - -
Beta Taurids 246 0.85 0.34 6 276 lat -2 mS i = - .
South Taurids n2 08 031 s 4 FRVG 56 ol
North Taurids 208 0.85 0.32 3 222 / INGEL)
Alpha Capricomids 271 0.78 0.57 4 133 Table 4. Mean Sl:luy{e characteristics. ] 2
; ; + it Apex fnApex
Giacabinids 1 072 089 07 1962 Pt Helion Hebion Ak Tovoidal pex if r
Leonids mo 0w 0w 18 23 Source  AH B NE St HA A
Ursids 212 0.85 0,92 53 265 Position  198,0 342,1 271,58 274,-60 271,19 273,-11
Radii 18 16 19 16 21 g
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Figure 3. Activity contours for the combined Harvard radio surveys (2 compilation odel

e Harvard [ and Harvard 11 surveys). The abrupt

ending of the contours near the edges of the projection is an artefact of the cont. i

g method employ

Combined Adelaide Radio Surveys

Figure 4. Activity contours for the combined Adelaide radio surveys (a compilation of the Adelaide I and Adelalde 1T surveys). See caption 1o

Fig. 3 for details,
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Figure 8. The orbital elements for the north toroidal source region. Details as in caption to Fig. 7.
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Figure 3. Activity contours for the combined Harvard radio surveys (a compilation of the Harvard 1 and Harvard 11 surveys). The abrupt
ending of the contours near the edges of the projection is an artefact of the contour-smoothing method employed.
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Figure 8, The orbital elements for the antihelion source region, Details as in caption to Fig, 7.
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Table 1 — New Working List of Meteor Showers to be adopted starting in 2007. The solar longitude Ag refers to equinox
72000.0. The date of maximum has to be computed for each individual year. The dates given here are only approximate
and may vary by £1 day. The entry-velocity Ve 18 the zeocentric encounter velocity plus acceleration by the gravity of
the Earth. The radiant positions can be taken from Table 2. Radiants for the time of maximum are not given, because of
the risk of being used for the entire activity period by less involved observers. The same holds for the population index
which varies during the activity periods of ench shower. Meteor showers typically exhibit a population index of r = 2.0
to 2.5 during their maximum. Values in this range should be used for tentative analyses; otherwise r must be determined
as a function of time before any activity computation of a meteor shower. The ZHR of the Antihelion Source is not a
maximum ZHIR but an average value throughout the year.

Shower Tode  Activity period  Ag of maximum Approx. date V.  ZHR
- J2000.0 of maximum  km/s
- Antihelion source ANT  Jan 01-Dec 31 - = 30 ~ 3
ANT not observable during NTA/STA
Quadrantids QuA  Jan 01-Jan 05 283 716 Jan 03 41 120
o-Centaurids ACE  Jan 28-Feb 21 319°2 Feb 07 56 5
§-Leonids pLE  Feb 15-Mar 10 336° Teb 24 23 2
~-Normids GND  Feb 25-Mar 22 353° Mar 13 56 4
Lyrids LYR Apr 16-Apr 25 Hean Apr 22 49 18
m-Puppids PPU  Apr 15-Apr 28 3395 Apr 24 18 VAT
n-Aguarids ETA  Apr 19-May 28 4575 May 05 66 60
7-Lyrids ELY May 03-May 12 48 24 May 09 44 3
June Bootids JBO  Jun 22-Jul 02 a5 27 Jun 27 18 var
Piscis Austrinids PAU  Jul 15-Aug 10 125° Jul 28 35 5
Southern d-Aquarids ~ SDA  Jul 12-Aug 19 125° Jul 28 41 20
a-Capricornids CAP  Jul 03-Aug 15 127¢ Jul 30 23 4
Perseids PER  Jul 17-Aug 24 14070 Aug 12 ha 100
k-Cygnids KCY  Aug 03-Aung 25 145° Aug 17 25 3
a-Aurigids AUR  Aug 25-Sep 08 158 %6 Sep 01 66 0
September Perseids SPE  Sep 05-Sep 17 166 °7 Sep 09 64 5
d-Aurigids ; DAU  Sep 18-Oct 10 191° Oct 04 64 2
Draconids GIA  Oct 06-Oct 10 19574 Oct 08 20 Var
e-Geminids EGE  Oct 14-Oct 27 205° Oct 18 70 2
Orionids DRI  Oct 02-Nov 07 208" Oct 21 66 23
Leo Minorids LMI  Oct, 19-Oct 27 211° Oct 24 62 2
Sonthern Taurids STA  Sep 256-Nov 25 223° Nov 08 27 3
Northern Taurids NTA  Sep 25-Nov 25 230° Nov 12 29 5
Leonids LED Nov 10-Nov 23 285 82T Nov 17 Tl var
a-Monocerotids AMD  Nov 15-Nov 25 230232 Nov 21 65 var
December Phoenicids  PHO  Nov 28-Dec 09 254 925 © Dec 06 18 var
Puppid/Velids pUP  Dec 01-Dec 15 255° Dec 07 40 10
Monocerotids MON  Nov 27-Dec 17 257° Dec 09 42 2
o-Hydrids HYD Dec 03-Dec 15 260° Dec 12 58 3
Geminids GEM  Dec 07-Dec 17 262 22 Dec 14 35 120
Coma Berenicids coM  Dec 12-Jan 23 268° Dec 19 65 5

Ursids URS  Dec 17-Dec 26 27097 Dec 22 33 10

EEN
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Table 2 — Radiant ephemeris of the showers in the new Working List in Table 1. Positions (RA & Dec) refer to eq. J2000.0.

Date ANT QUA COM

Dec 31 112° +21° 228° +50° 186" 207

Jan § 117" --20° 231°  +49° 190° +18°

Jan 10 122%  4+19° 194% 17"

Jan 15 127 417" 198° © +15°

Jan 20 132°  +16° 202°  +13°

Jan 25 138° +15° ACE

Jan 30 143°  +13° 2000 57"

Ieb 5 149°  4171° 208°  —5bY°

Feh 10 1547 +9° 214° —60° DLE

Feb 15 159° +7° 220°  —62°  159°  419°

Ieb 20  164° 45" GNO 225 —B63°  164°  +18°

Feb 28 172° +2%  225° a5 171®  4-18°

Mar 5 177° 0 230° -50° 176°  --13°

Mar 10 182° —2°%  235° -50° 180 +12°

Mar 15 187" —-4%  240° -50°

Mar 20 1827 —6% 245" -49°

Mar 25 197° —7°

Mar 30 202° —H°

Apr 5 208° -11°

Apr 0 213°  —13° LYR rru

Apr 15 218" -15° 263°  +34°  106° —44° ETA

Apr 20 222% 16 269° 434 109° —45* .323° —7°

Apr 25 227°  —18° 274”4347 1117 —45° 328° —5°

Apr 30 232° -19° 332° -3° ELY

May 05 237°  —20° 337° —-1°  283° +44°

May 10 242° -21° 341° 0° 288° 444"

May 15 247 —22° 3457 +3° 203%  445°

May 20 252° —22° 3497 457

May 25  256° —23°

May 30 262° -23° !

Jun 5 267 -—23°

Jun 10 272° —-23° )

Jun 15 276° —23° ’

Jun 20 281° 237 JBO

Jun 25 286° 22° 2237 448°

Jun 30 291°  —21° 225° 447° CAP

Jul 5 296° 207 285  —16° SDA

Jul 10 300 —19° PER 286¢  —15% 325 197 PAU

Jul 15 305% —18° 6% +80°  294%  —14° 329 —18° 330° —34

Jul 20 310°  —17° [1% 4+52°  2099° —12° 333 —18" 334° —33

Jul 25 315° —15" 22°  +453%  303° -—11® 337 -—17° 338° —-31

Jul 30 319° -—14° 20%  4-h4° 308° —10° 3407 —16" 3437 - 29 KCG

Aug 5 325" —12° 37° +56° 313° —8%  345°  —14°  348° —27  283° 4-58°

Aug 10 3300 —10° 45° 457 318° -6 349° -—13" 352° —26 284° 458°

Aug 15 3357 —8° 51#¢ —]—58° 3529 —12° 285" 4-50°

Aug 200 340° 7" 57%  4b8° AUR 356 —11° 286°  --59°

Aug 25 3447 —5° 63°  +58° 6% 442° 288°  +60°

Aug 30 349° —3" 82°  4-42° SPE 280°  460°

Sep 5 3Bk° —1° 887 442° 55°  +46°

Sep 10 0° +1° 02°%  4-42° 60°% 47"

Sep 15 5 43 66°  +48° DAU

Sep 20 10° +5° NTA STA 719 4-48° 71°  148°

Sep 25 14° +77 19 +11° 21" +6° TP 4400

Sep 30 22°  412° 257 +7° ORI 837  +40°

Oct ) 26° +14° 28" +8° 85°  4+14° 80°  140° GIA

Oct, 10 EGE 30° 415° az° +5° 88°  +15° 92°  -42° 262°  4-54°

Oct, 15 00°  27° 34°  +16° 36°  +11° a1°  +15° LMVIT

Oct 20 104° 4277 38 187 40  412° 94 +18° [58° 397

Oct 25 109 427° 43° 419° 43°  413° 08°  +16° 163°  --37°

Oct 30 47° 4207 47° 414 101° 418° 168°  +35°

Naov 5 52° 421° 52°  4+15°  108° 4179 LEO

Nov 10 56°  £92°  56°  +15° 147°  4.24° AMO

Nov 15 61 }-23° 60" 4167 150% 423° 1129 +2°

Noy 20 ANT 65" 247 64 4167 153% 421° 1167 +1°

Nov 25 75° 4237 TOT O 240 727 17" MON PHO PUP 120° 0°

Nov 30 807 4237 GEM 91¢ +87 14 —52°  120° —45° HYD

Dec 5 857 L23°  103°  4-33° COM 96° -8 18° _§3° 122° —45° 122° +3°

Dec 10 0" 4-23°  108°  4-33° 169 L27° 1007 87 22°  _53°  125° —45° 126° 4192

Dec 15 gg% 23% 413° 337 173%  426°  104° 8% unRs 128° ~45%  130° +1°

Dee 20 101% 423 118" 432° 177° 424° 217°  476°

Dec 25 106° 422° 181 423" 217° L74°

Dec 30 111°  421° 185  +21°
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S PEk, HENEREE LT, KKRBEA D GIEE 1FERIEEINGERD b T & 72k, IMO @ 2007 Meteor Shower
Calendar Cl&, #iEAfZBEIL L T Antihelion source (ANT) & £ &6, BAEREOMHIGH DO 1 2L LTS
(Jones & Brown, 1993; Rendtel, 2006).

- EfElCIE, KRB E D 15 FERRE R Z H.0 & L(Arlt & Rendtel, 2006), #7518 30 F& - s&iES71H) 15 J&
BEDOILN Y ZFF>[Rendtel, 2006),

- ZHR (3 2.5 F£/% (Rendtel, 2006),

« RTHEEE T 30km/s 20 E 95, 1EH A NREF TS 2MENEIR CTH S, (Jones & Brown, 1993)
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2. MEREZUT/INEE X, Amor B, Apollo B, Aten B2 /558

« Amor ! : T H AN KEHEDONEIT, HIERELE O SME,

- Apollo B! : 3T H AN HUEREIIE O PN, 1 H A0S KR BLE O FMIl,

< Aten ! : T HEHIEROPAIL, 3 H A HIERE - KR BLE R,

cNBEORE, B L EREBHOIEES) THELH D, - BEICHKEWE K,
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— ZEIZ Apollo B/ 73, Antihelion source DGR EE X H 5,



3. Apollo /N IZ X 52 ORGSR ZFH <5

(1) RS AR

1Z& A ED Apollo /NS 1T, HIEREE & 2272 L2V, (2O FEFETIX, WHANFHETE 2
L, R, REEEIC L APuEE(KIC LY THuEROEE] SiEx 5,

(BRI HRERIIRE AT, ARAERNPZEIL T )
SHIERPUEIZAMUN GBI T 2 L X2, BRRERDEEHLHDITT, ZDOL XDEHNEERD S,

(ARZRERDEELHDN, FRMEOBENNIEH ROEEN~ A F A2 5720))

— R AU SORIG T TN R 5 85k & Sk a2 R 5,

(BB SR CE S oIk, 0T B RrElE g. BEDR e HUEGIRIA 1O 3 S721)

2) R LT —%
* Minor Planet Center @ “List Of Apollo Minor Planets” (Z& % 2006 4= 10 A 20 H % T® 2062 i,
- FEOMNEMIER T, A R <1AU, = H AHHE Q<8AU © b 0 8 i,

T HE q [au] e 1 [deg] AL [deg] B [deg] Vg [km/s]
2P Encke 0.3393 0.847 11.754 13.2 9.3 29.77
3D Biela 0.8157 0.769 8.0466 -19.9 16.8 17.31
5D Brorsen 0.5863 0.817 22.453 3.3 26.5 26.31
15P Finlay 0.8885 0.742 6.6896 -30.4 17.3 14.54
45P Honda-Mrkos-Pajdusakoba 0.5305 0.824 4.2527 1.3 5 25.04
72P Denning-Fujikawa 0.7969 0.817 9.1077 -18.3 17.7 18.69
96P Machholz 1 0.1244 0.958 60.053 32.3 16.9 43.89
141P  Machholz 2 0.7528 0.75 12.795 -11.4 22.8 19.52
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Arlt R. and Rendtel J. (2006). “A new Working List of meteor showers”. WGN, 34:3, 77-84.

Rendtel J. (2006). “Visual Sporadic Meteor Rates”. WGN, 34:3, 71-76.

Jones J. and Brown P. (1993). “Sporadic meteor radiant distributions: orbital survey results”. MNRAS, 265, 524-532.
“List Of Apollo Minor Planets”  http://cfa-www.harvard.edu/iau/lists/Apollos.html
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T E T NEE DY —ADIHALNIAF L —RZDNT, FOM B E T CIEET SRR W TN,
ik
17 A% LA FROSEICANT CREOEFAEITIE A TREEST:, £0 A ORBHRENOAL A 1) —AD
riBZski, FRik/ ik LI 407 O MNICIRE AR ROy 2 7y 7 U,
% 1. dbbrgs ) — ZONIEB LU OHULAHE DM L2

Date  Ls2000 o« &  Const Shower Date L[s2000 a &  Const Shower
01/05 2845 227 +46 Boo QUA 07/05 103.8 337 +56 Lac/Cep

01/15 294.6 229 +43 Boo 07/15 113.3 344 +60 Cep/Cas

01/25 304.8 235 +41 Boo/CrB 07/25 122.8 351 +64 Cep/Cas PER
02/05 316.0 242 +39 CrB/Her 08/05 133.4 000 +68 Cep/Cas PER
02/15 326.1 249 +37 Her 08/15 143.0 010 472 Cep/Cas PER
02/25 336.2 265 136 Her 08/25 152.6 023 475 Cep/Cas  AUR
03/05 345.2 261 +35 Her 09/05 163.2 042 +79 Cep/Cas AUR, SPE
03/15 355.2 268 130 Her 09/15 172.9 069 +81 Cep/Cam SPE
03/25 005.1 274 +35 Her/Lyr 09/25 182.7 103 +81 Cep/Cas DAU
04/05 016.0 281 +35 Lyr 10/05 192.5 133 +79 Cam DAU
04/15 0256.8 287 +36 Lyr LYR 10715 202.4 153 +76 Cam/Dra

04725 035.6 293 +38 Lyr/Cvg LR 10/25 212.4 167 +73 UMa/Dra

05/05 045.3 300 +39 Cyg 11706 223.4 118 +68 Dra/UMa

05/15 055.0 306 +41 Cve 11/15 233.4 187 +64 Dra/UMa

05/25 0646 312 +44 Cyg [1/25 243.5 195 +60 UMa

06705 075.1 319 +47 Cvg 12705 253.7 202 +56 UMa

06/15 084.7 325 +50 Cvg 12/15 263.8 209 +53 UMa/Boo

06725 094.2 331 +53 Cyg/Lac 12/25 274.0 216 +49 Boo/UMa
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Jones, J.: Brown, P., 1993,

Sporadic meteor radiant distributions - Orbital survey results
Royal Astronomical Society, Monthly Notices, vol. 265, p. 524-532.

F22. %Y —ADNIE (Jones & Brown, 1993 £ 0)
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B 0 L. 58 =60 19 =1
R 13 6 <~ 19 1k %]

Abheaz v —285 (Jones & Brown, 1993 & D)
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TEERHE O K EREI IR ZTE L TS,

Davies(1957) Tl Jodrell Bank |FWD L —F—TH5N 2000 fdE D OBIEREOEREN S, 1=60° &
140° FhITICHASINEE— 2 28D E&RUE, UL, Bigsdt i=120° fHECrdtERicaniis &9
TR —DY) — A &AM Z EISHAPEITARR L 20, DD i=60° A ZaE U-ioEiisia T,
DL DIBRIFE ONEITEINT 2R EZENTH SO0 LI,
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Figure 9. The orbital elements for the north toroidal source region. Details as in caption to Fig. 7.
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Super—Schmidt Photographic Survey (six showers removed),
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Figure 2. Individual radiant points for the meteors in the Super-Schmidt survey after six showers have besn remaved.
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Combined Harvard Radio Surveys
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Figure 3. Activity contours for the combined Harvard radio surveys (a compilation of the Harverd 1 and Harvard 1T surveys). The sbrupt

ending of the contours near the edges of the projection is an artefact of the contour-smoothing method employed.
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Nomenclature rules for meteor showers.*!

W DOMAERRNTRER OB NDTH 50, %Lf%mﬁ@%%5ﬁ8®ﬁﬁﬁkéﬁﬁ\%ﬁﬁ
WD B IEREICDODD > TNAEE NI DI TIERWVWE W RENZAHEICBW A INET, Ao
BRI, MEETSITERN SIS NTIZBTOSZIELWAT (6 2WVRBEE W I ARERELT:
THA9) LVIFMEEMICZIT AN B2, a-o< U H8E) 2S5 E Lt A,

—MREI7IRAIE LT, WREN (E7IXRER) LT T VRBOFTAKEME ST, BHSEOHDFDY
FEDREED LB 72 A THAT T%Z}’b%’)’\%fﬁ)é ED\O ZETY, BEOTT VEOATAKOLTRNT
7T ODEBRED 1 HTERDLY 4,

ae (e.g., Lyrae), * 1 : http://www.ta3.sk/IAUC22DB/MDC2007/Dokumenty/shower_nomenclature.php
is (e.g., Leonis),

i (e.g., Ophiuchi),

us (e.g.,Doradus),

ei (e.g., Equulei),

ium (e.g., Piscium), or

orum (e.g., Geminorum).

‘E%ﬁ@%%@%@% “m”&éwﬁ@ﬁ%m‘ﬁw’fﬁgﬁziﬁo&fﬁw@(mmw)m%
OWSEFIE “Aquarids” TiE72 < “Aquariids” T, ME—DHIINL, A F~UEE (Hydrus) 75O
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B BRA) OMKFFOES SMLEIZT 5 & TT, Tz, IRAS-Araki-Alcock EE 25 Dt [
aj“n:&ﬁ”kﬁ%énéfbiéo

BEAEDIBHNCHE, R CEENSHRERNEZXT2H0L4HBEMz 506 LVEEAL, ZOBE. A
WXLV EL “A4HZ LR EXBIT 57912, IRAS-Araki-Alcock #EE O OEN%Z “5 H Z L/
EFERZ EHTEAHATL L D,

BREEICOWTIE “BR0” 222 003MER T, Thz, ZOLAFNL 10 HOBOD LRI
HLT6AD “BREOBOSUR &0 Ed, A KTA4 L LT, MAEMOENSUITRMERER &
MEEN D T2 DIEREN G 32° INTHAHRNETT, 2O LIk, TOHBEOHHEEHOME D IZB N T
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Table 1 Latin possessive names of meteor showers

Constellation iLatin possessive iShower Constellation iLatin possessive iShower
Andromeda iA;ﬁlﬁ(fiﬁlfoIpﬁg(flger 777777777777777 Andromedld 7777777777777777777777 Leo iLeonis iLeonid
Antlia iAnthaeiAnthld 7777777777777777777777777777777 Leo Minor ;Leonis Minoris ;Leonis Minorid
Apus ApodlsApodld _______________________________ Lepus Leporis Leporid
[ Aquarius Aquarquuarud ____________________________ Libra éLibrae éLibrid
Aquila Aquilae  Aquilid Lupus ‘Lupi Lupid
Ara AraeArld ___________________________________ Lynx Lyncis Lyncid
Aries ArletlsArletld ______________________________ Lyra Lyrae Lyrid
IAuriga AurlgaeAurlgld ______________________________ Mensa ‘Mensae ‘Mensid
Bootes BootlsBootld ________________________________ Microscopium ‘Microscopii ‘Microscopiid
Caelum Caeh 7777777777777777777777777777 Caehd 77777777777777777777777777777777 Monoceros iMonocerotis iMonocerotid
Camelopardalis :Camelopardalis Camelopardalid Musca Muscae Muscid
Cancer Cancrl __________________________ Cancrld _____________________________ Norma iNormae iNormid
Canes Venatici iQ_E?._I}Eg}_Y?_I_‘{%Ri_(_}_(?_lig_l_r_l"jg%?}_l_l_r_l_ Venaticid Octans iOctantis iOctantid
Canis Major CamsMa]orlsCamsMaJorld ___________________ Ophiuchus iOphiuchi iOphiuchid
Canis Minor CamlenorlsCanlstomd 777777777777777777 Orion iOrionis iOrionid
Capricornus CaprlcormCaprlcormd 7777777777777777777777 Pavo iPavonis iPavonid
Carina CarlnaeCarlnld ______________________________ Pegasus iPegasi iPegasid
Cassiopeia Cass1ope1aeCass1ope11d ______________________ Perseus éPersei éPerseid
Centaurus éC__e__I_l_t_ﬁg_lﬁ ______________________ Centaurld _________________________ Phoenix éPhoenicis éPhoenicid
Cepheus Cephelcepheld 77777777777777777777777777777 Pictor éPictoris éPictorid
Cetus Cethetld __________________________________ Pisces éPiscium éPiscid
Chamaeleon éQ,}}E@%?l???ﬁ?,,,,,,,,,,,,jgh?@,f}‘?l??ﬂ?i@ 77777777777777777 Piscis Austrinus éPiscis Austrini éPiscis Austrinid
Circinus é(?_i_lg_C_i_l_r}_i __________________________ E_Q_i_l_f_gi__n_i_gi_l _____________________________ Puppis ‘Puppis ‘Puppid
Columba Columbae  iColumbid Pyxis Pyxidis Pyxidid
Coma Berenices 50,9?,‘1%‘?,,39?9@99&,,,,,,599@%?1,39??9%‘?@ 77777777777777 Reticulum Reticulii Rectuliid
Corona Australis EQQ{?@??AE?E?{EE Sagitta ‘Sagittae 'Sagittid
Corona Borealis EQQES’_Q?Q_E{{?Q?E§ ____________________________________________________ Sagittarius \Sagittarii \Sagittariid
Corvus Corv1 ________________________________________________________________________ Scorpius 'Scorpii 'Scorpiid
Crater i(_?_]@_t_e_z_@_s_ _________________________________________________________________ Sculptor iSculptoris iSculptorid
Crux iCrums 77777777777777777777777777 JiCrumd 7777777777777777777777777777777 Scutum iScuti iScutid
Cygnus Cygnl ___________________________ JCygnld _______________________________ Serpens iSerpentis iSerpentid
Delphinus Delphlnl ______________________ Delphlmd __________________________ Sextans iSextantis iSextantid
[Dorado DoradusDoradld _____________________________ Taurus iTauri iTaurld
Draco DracomsDracomd 777777777777777777777777777 Telescopium iTelescopii iTelescopiid
Equuleus iEquuleliEquuleld 77777777777777777777777777 Triangulum iTrianguli iTriangulid
Fornax iij)EI_l_?f_i“S_ Fornac1d ___________________________ Triangulum Australe iTrianguli Australis iTrianguli Australid
Gemini GemlnorumGemlmd 7777777777777777777777777777 Tucana iTucanae iTucanid
Grus GrulsGruld 777777777777777777777777777777777 Ursa Major iUrsae Majoris EUrsaeMajorid
Hercules Hercuhs 77777777777777777777777 Hercuhd 7777777777777777777777777777 Ursa Minor EUrsae Minoris EUrsae Minorid
Horologium éHQ}gglgg@i iHorlognd 77777777777777777777777777 Vela éVelorum éVelorid
Hydra Hydrae  Hydrid Virgo 'Virginis 'Virginid
Hydrus HydrlHydru51d ___________________________ Volans éVolantis éVolantid
Tndus Indi ndid  |Vulpecula Vulpeculae Vulpeculid
Lacerta Lacertae Lacertid
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Nomenclature Rules for Meteor Showers

The following nomenclature rules are adopted for meteor showers, keeping in mind that it is not always known
precisely during discovery when is the peak of a meteor shower and what is the position of the radiant at that time.
For known showers, the Taks Group may choose a traditionally accepted name (e.g., alpha-Monocerotids) over
the more correct name after a radiant has been established (which would have suggested the name of delta-Canis
Minorids).

The general rule is that a meteor shower (and a meteoroid stream) should be named after the then current
constellation that contains the radiant, specifically using the possessive Latin form. The possessive Latin name for
the constellations end in one of seven declensions:

ae (e.g., Lyrae),

is (e.g., Leonis),

i (e.g., Ophiuchi),

us (e.g.,Doradus),

ei (e.g., Equulei),

ium (e.g., Piscium), or
orum (e.g., Geminorum).

Custom is to replace the final suffix for -id’, or plural -ids'. Meteors from Aquarius (Aquarii) are Aquariids, not
Aguarids. An exception is made for meteors from the constellation of Hydrus,which will be called 'Hydrusids', in
order not to confuse with meteors from the constellation of Hydra.

When the constellation name has two parts, only the second declension is to be replaced by 'id". Hence, meteors
from Canes Venatici (Canum Venaticorum) would be 'Canum Venaticids'. When two constellations are grouped
together, a bracket is used and both constellation names will have 'id". Hence, Puppids-Velids. As a guideline, the
order of the constellations should be in the same sequence as the radiant daily motion.

If a higher precision is needed, then the shower is named after the nearest (if in doubt: brightest) star with a Greek
letter assigned, as first introduced in the Uranometria atlas by Johann Bayer (1603), or one with a later introduced
Roman letter. If in doubt, the radiant position at the time of the peak of the shower (in the year of discovery)
should be taken. Hence, the meteors of comet IRAS-Araki-Alcock would be named 'eta-Lyrids'".

Following existing custom, one may add the name of the month to distinguish among showers from the same
constellation. In this case, one could call the shower from comet IRAS-Araki-Alcock the 'May Lyrids', in order to
differentiate from the more familiar 'April Lyrids'

For daytime showers, it is custom to add 'Daytime’, hence the name for the 'Daytime Arietids' in June as opposed
to the Arietids in October. As a guideline, the stream radiant should be less than 32 degs from the Sun to be called
a daytime shower. This ensures that no where is the radiant more than 20 degs above the horizon at the start of
local Nautical twilight.

South and North refer to ‘branches' of a shower south and north of the ecliptic plane (stricktly the orbital plane of
Jupiter), resulting from meteoroids of the same (original) parent body. Because they have nearly the same
longitude of perihelion at a given solar longitude (the argument of perihelion and longitude of ascending node
differing by 180 degrees between South and North), the two branches are active over about the same time period.

If the meteoroid stream is encountered at the other node, it is customary to speak of 'twin showers'. The Orionids
and eta-Aquariids are twin showers, even though each represent dust deposited at different times and are now in
quite different orbits. As a matter of custom, twin showers and the north and south branches of a stream carry
different names. Meteor showers are not to be named after their parent bodies (e.g., Giacobinids,
IRAS-Araki-Alcockids). The names of comets tend not to be Latin, making the naming not unique. Also, comet
names can change when they get lost and are recovered.

The Task Group for Meteor Shower Nomenclature will choose among possible alternative proposed
names for newly identified meteor showers, in order to establish a unique name for each meteor
shower (e.g., eta-Lyrids, not May Lyrids).

Task Group on Meteor Shower Nomenclature

Members of the Group:

Peter Jenniskens (USA: Chair), Vladimir Porubcan (Slovakia: AU Meteor Orbit Data Center), Pavel Spurny
(Czech Republic: IAU C22 president), William J. Baggaley (New Zealand), Juergen Rendtel (Germany),
Shinsuke Abe (Japan), Robert Hawkes (Canada), Tadeusz J. Jopek (Poland),
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The discoverer of a probable new shower is asked to propose a unige name to the Meteor Data Center (contact T.J.
Jopek), following the shower nomenclature rules as closely as possible. The name should be unique and not create
confusion with other showers in the list of all showers. If the discovery meets the standards of other such showers
in the Working List, the shower will be added and assigned an IAU number and a three-letter code. The thee-letter
code is an alternative and popular way to discriminate among showers because the code is easier to remember and
recognize than numbers.

We accept all new showers about to be published in scientific journals. Please send a copy of the paper to the
MDC before submitting the final version to the journal. The new name and number are to be used in that
publication of the discovery and in subsequent discussions.

The International Meteor Organization (IMO) is assisting the MDC in this initial evaluation of ‘probable’ new
streams. Streams accepted by the IMO should be reported in a paper in WGN, the Journal of the IMO, and the
editor of WGN can contact the MDC to collect name and number.

In collaboration with the IAU Minor Planet Center, a CBET telegram will be issued periodically to indicate when
new showers are added to the working list.

Before reporting to the MDC, amateur astronomers that recognize new meteor showers from visual and
single-station video observations should contact the International Meteor Organization and present their claim for
referal (point of contact: Juergen Rendtel). Observations should strongly suggest a shower. For example, an
outbursts of a significant number of meteors from a compact radiant in a brief period of time (e.g., beta
Hydrusids), or a persistent radiant detected in single-station observations over several nights, moving at the
expected rate.

The goal of subsequent research is to establish the validity of the proposed shower and, if analysis confirms such
validity, subsequently move the stream from the Working List to the List of Established Showers. Evidence that
helps establish a shower in the Working List (or eliminate from the list) should be published in the literature, a
copy of the paper should be provided to the MDC. Upon review of the evidence in the Task Group, the MDC will
move that stream from the Working List to the List of Established Showers.

Each shower in the List of Established Showers will receive its official name, and official recognition as being
established, on recommendation to Commission 22 at the 2009 IAU General Assembly in Rio de Janeiro, Brasil.
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[AU Meteor Shower List
[AU MDC Catalogue - shower_list_all - version 01/2008
The catalogue contains several parameters of the meteoroid showers
Column Column Description
No Name
1 NolAU shower |AU number,
2 Code shower |AU three letter code,
3 ShowerName l[atin name of the shower,
4 Sst shower status: e - established, w — working,
5 Sty shower type: 0 - single shower
> 0 - group of showers (Sty = NolAU of the main shower),
6 Geo group component: O — root of the group of showers (shower complex),
usually mean values of parameters are given;
1,2 ... the sub-group of the shower complex,
e.g. S-Taurids, N-Taurids
7 SLon Solar longitude at peak of shower (degrees, epoch J2000),
8 RA Right Ascension of the shower radiant at peak (degrees, epoch J2000)
9 DE Declination of the shower radiant at peak (degrees, epoch J2000),
10 VG Geocentric Speed (km/s), before acceleration by Earth's gravity
11 ZHR peak rate in terms of zenith hourly rate (per hour)
12 ParentBody shower parent body,
13 Remarks notes, remarks about the shower,
14 Author discoverer, references to the shower parameters
No. | NolAU | Code ShowerName Sst | Sty | Geco | SLon RA DE VG | ZHR ParentBody Ramarks Author
_____ 1.\ 1] CAP| ___alpha Capricornids| e| O} 01127 1306.6| -82| 22.2| O] 169P/NEAT (= 2002 EX12) | ]
2 2| STAL South. Taurids| e|247] 11224 | 49.4) 13 | 28 | O|2P/kncke | member of Taurids Complex (247) | |
3 S| SIAL . south. iota Aquariids| e| O] 0]131.71339 |-15.6] 34.8| O ]
A A GEM| Geminids | e| 0] 0]262.1|113.2| 32.5| 346 | 0]3200 Phaethon (=19831) (| .+ ]
BT S| SDAY South. delta Aquariids | e| O] 0]1256)342.1]-15.4] 40.5] O0]|Marsden growp ...\ ]
6. 6 LYR} April Lyrids | e] Of O] 32.4]272 | 33.3| 46.6| 0)C/1861 G1 (Thatcher) . | ]
I Ty PRV Perseids | e| O] 0/140.2| 48.3| 58 | 59.4| 0] 109P/Swift-Tuttle ..
8 8] ORLY Orionids | e| O] 0]208.6| 95.4| 159 66.2| O|1P/Halley |
R 9| DRA} October Draconids | e| 0] 0]195.1]264.1] 57.6] 20.4] 0]21P/Giacobinni~Zinner |
10 100 QUA| Quadrantids | e| 0/ 0]283.3|230 | 49.5| 41.4) 0j2003EH1 ]
LA VBV eta Virginids| e| 0| 01354 1821 2.6] 29.2]| 0|D/1766 GI (Helfenzrieder)? | ]
12 12) KeG | ] kappa Gygnids | e| 0| 0]145.21284 | 62.7)| 24 |\ O\ ]
18] 18] LEOy . leonids| e] 0| 0/235.1]154.2| 21.6] 70.7| O|55P/Temple-Tuttle | ]
1A 141 XOR| chi Orionids Complex | e| 141 01259 | * | * | 2 | 0y e
BN . 15 1 URS | ] Ursids | e| O] 0]2/1 [219.4] 76.3] 33 | O0|8P/Tuttle ]
16| 6,0} sigma Hydrids | e| 0| 012655)131.9] 0.2} %8 O} ]
BT . 1 NAL North. Taurids | e|247) 21224 | °8.6 | 21.6] 28.3/ 0j20047G10 | member of Taurids Complex (247) | |
18] 18| ANDf ~ Andromedids | e] O0j 0]232 | 24.2| 32.5| 17.2 0}|3D/Biela
19 19 MON¢ Dec. Monocerotids | e| 0] 0[260.9/101.8| 81| 42 | 0|C/1917 F1 Mellish) | ..\ ]
020 ) 20| cOMy Dec. Comae Berenicids | e| O] 012/4 |1/5.2} 22.2) 637, o0y |
A P 21 AB| alpha Virginids | e| O] 0| 28 |179.9| -7.7] 17.6| Oj1998 8W2? ...\ ]
22 ) . 22 | LML Leonis Minorids| e| O] 01209 [159.5] 36.7| 61.9| 0)C1739 K1 (Zanotti) | ]
2 23| EGE| . _...___.epsilonGeminids| el O] 01206 |101.6] 26.7) 68.8| 0| ]
24| 24| PEG| .. MuPegasids| w/| 0] 01230413355 21.8) 11.2) O e
25 ] . 25| NOA | _ North. October delta Arietids| w/| O} 0]201.7] 34.7] 20.2) 3.3} O ] part of NTA ]
26 | . 26| NDA| | North. delta Aquariids| w| O| 0)123.4]344. 7] 04| 40.5| O ]
27 ) 27 | KSE | ... . kappa Serpentids | e| O} O] 15.7]1230.6] 17.8 ] 45 | O e
28 | 28 | SOA|  South. October delta Arietids| w/| 0| 0/198.5] 33.1| 10.6] 26.6| O|2P/Encke? || part of STA
029 ] 29| DLEV delta Leonids Complex | w| 29| 01334.7| * | = |20 | OV .|
030 ) 0| PSCL Piscids Complex | w) 30| 04179 | * | * | 28 | OV ‘| ]
<1 P V| ETAL eta Aquariids| e| O] O| 46.9/336.9| -1.5| 65.9| O|1P/Halley | ]
0 32. ] 32] Dm{ | Dec. Leonis Minorids | e] O] 0[262.4|156.1| 32.7| 62.3| 0]C/1798 X1 (Bourvard)? ... | ]
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33 B NAL North. iota Aquariids | e| O] 0|147.7|328 | AT 26 O
34 34| DSE| . delta Serpentids| w| 0] 07323 237 | 96| 65 | 011947 F2 Becvar)?
35 | 38| GR| xi Ursae Majorids | w| 0| 0358 |175.4) 30.1| 18.9| O
36| 39 NALY| o] North. alpha Leonids| w| 0] 0/349 |158.7| 31 | 1.1 012008 YGI18?
31 40 | Z0Y | . zeta Cygnids | w| O] 0| 20 1303.8)| 44.8| 39 | O
38| A3 | ZSE| zeta Serpentids | w| 0] 01365 |266.3| -6.3| 67.4| O
39, | 45| POF | ] phi Draconids | w| 0] 01368 |26/.1 | 69.4| 22.9 | O e
40| 46 | BOR| . betaGraterids| w| O] 0| 13.5|176.8|-26.9 | 22.6 | O e
. g B L mu Virginids | w | O] 0| 39 1226.8 | —8. 7| 28 3 | O e e
42 A9, vy oo lambda Virginids | w] 0| 0] 20 ]210.7/-10.2| 26.8| O{ e
43 ] o0 | VIR| ~~ March Virginids Complex | w| 90| 01354 | * | * | 23 | O
44 °2 | ouMy omega Ursae Majorids | w| O) O] 62 1747 66.7| 27.1|\ O} ]
45 | R I alpha Scorpiids | e| 0| 0| 5521247 |-28.8] 31 | 0]2004 BZ74? ]
46 | | 61| TAH| tau Herculids | e| O| 0] 72 |228.5| 39.8| 15 | O |73P/Schwassmann-Wachmarn.g | .| ]
AL 63| COR{ Corvids | e| O] 0| 949/192.6|-19.4] 9.1| 012004 HW e
48 | 65| GDE| ~ gamma Delphinids| w/| O] 0/ 80.4/3423| 12.2| 55.7| O}
49| 66 | NG| | North. omega Scorpiids | w| O| O} 70 1248.1]-15.3| 19.6 | 011996 JG? ]
90 | 67| NSA| | North. mu Sagittariids | w| O 01 78 12/1.9|-17.3| 22.9| 0]C/1770 L1 Lexell? ]
L 69 88| South. mu Sagittariids | w| O] 0| 78 1276.4|-27.5| 19.6 | O
92, | 13| ZOR) .. zetaDraconids| w| O 0141 1260.5]| 30 | 14 | 0| 6P/d"Arrest
93 | 6 KO kappa Aquariids | w | Of 0]179 334 |-13.8| 12.8 | 0]2006 AR3?
DL 8ty sy, Sept. Lyncids | w| O| 0|18 |110.9| 47.9| 65 | Of ]
95 | 83| ocG| October Cygnids | w| 0] 01206 |317.8| 52.6| 17.2| O ]
96 | 86| o6C| October gamma C etids | w| O] 0)206.4| 50.4| -6.9| 3.3| O
I 88| ODR| omicron Draconids | w| O] 0]115.5]285 | 61.3| 286, O ]
98 | 89| PVI L January pi Virginids | w| 0] 0]29% |1/9 | 9 | 64.6 | O
99, | 0] Jco| January Comae Berenicids | e| 0] 0]301 |188.9| 16.8]| 63.9| O0|GC/Lowe 1913 1 | ]
60 | 9 | JZA| January zeta Aurigids | w| 0| 01292 | 7031 60.1 1 12.1) Oy
61 92| UER| . upsilon Eridanids | w| 0| 0/295.6| 69.3]|-29 | 10.1] 012004 TB18?
62| 93| VEL| __ Puppids-Velids |l Complex | w| 93| 07296 |123 |-48.3| 33.1 | O
63 | 94| RGE | o rhoGeminids | w| O 01297 |115.8 | 24.9 | 23 | O | e
L 95| DGA| delta Gancrids Complex | w| 95| 0]296.3| x | *x | 20 T O e
65 | 96 | NCC| North. delta Cancrids | w| 0] 0]296.3|130 | 20 | 26 | O 99T A e
66 | 971.8C| South. delta Cancrids | w| O] 0]296.3|134.1| 10.1] 25.2| 02001 YBS? ]
67| 98| ECO| epsilon Golumbids | w| 0| 0/307.1| 824)-347) 16.6| O} e
68 | ! 9 J¢| Dayt. Scutids | w| O 0]280.4|278.2| —-7.8| 24.1| O ]
69.| 100 XSA| Dayt. xi Sagittariids | w| O] 0]3049|284.8 -18.6]| 26.3| O ]
70| 10ty PH| pi Hydrids | w| O] 0]317.1]210.3|-23 | 0.7, .0
I 102 ACE|  alphaCentaurids | e| O] 0]319.4)1210.9/-58.2| 59.3| O ]
o J2.| 103} TCE| Centaurids |1 Complex | ~w|103| 01321 |203.8|-39.6| 60.2 | O e ]
/3. | 14,680 gamma Bootids | w| 0| 0]321 |224.4| 39.1| 50.3 | O e ]
74| 105) OCN| Centaurids | Complex | w|105| 0]323.4|165.6|-60.3| 41.5| O
/5. | 106 APL| alpha Pictorids | w| O] 01325 |110.1/-65.1| 30 | O ]
16| 107 DCH| delta Chamaeleontids | w| O] 01325 |254.4|-86.1| 42.6| O
R I L - 1V beta Tucanids | w| 0] 01340.4)| 49.6|-77.8] 36.3| 0]|G/1976 D1 _(Bradfield) |
/8. | 109 | ACN| alpha Carinids | w| O] 0/311.2]1100.7|-54.8| 21.7| O| e
79| 110 AAN| alpha Antiliids| w| 0| 0]313.1]140 |-10 | 42.6 | O
8. ) 111 FCM|  February Canis Majorids | w| O] 0/330.6104.3|-25.6| 70 | O}
81| 12 NbL| o] North. delta Leonids | w| 0] 0/334.7]|168 | 16 | 20.1| 0] 1999 RD32?
72 I A K ) S South. delta Leonids | w| O] 0334 7|137.7| 17.8| 17.4| 0\
83| 14 px¢| Dayt. chi Capriconids | w| O] 0]311.3/321.4] 6 | 8.5 0 e
' 84. | 115 DSG| Dayt. Sagittariids—Capricornids | w| O] 013125316 |-23.3] 26.8| 02001 ME1? e ]
86| 116 DEQ|  Dayt epsilon Aquariids| w| O] 0]315.8)310.2 ) -6.8| 23 1| O e ]
86| 17y peq@y oo Dayt. ¢ Aquariids| w| 0| 0325 1346.7)|-23.7| 14.1] 012004 NL8?
8/ | 18y 6GnOy gamma Normids | w| 0| 0]353 |251.6|-91.3| 64 | O e
88 | 19| LCE|  lambda Centaurids | w| 0] 0359 |173.7|-59.56]| 38.4| O
89| 120 DPA| . delta Pavonids | w| O] O] 11.1)309.1)-62.8] 58 | 0|GC/1907 G1 (Grigg-Mellish) |\
9. | 121 NWYQ oo nu Hydrids | w| 0| 01343 1]159.1|-12.2| 19.7| 01999 RMAS?
91122 AKX alpha Pyxidids | w| 0] 0/345.9]135.5|-35.2| 25.9| O| e
092 ] . 123 NIL Northrn March Viginids | w| O 035 |185.7] 23| 23 | 01998 8707 | ]
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93 | 124 SVl o South. March Virginids | w| 0| 0354 1179.7| -8.5| 229 O
94| 126 SAL| South. alpha Leonids | w| 0] 07359 11418 - A L P O O S AR
9. | 126 SGE| | March delta-Geminids | w| 0] 01361 |114.5| 12 2| 8 | 0|
96| 127 MCA|  March Cassiopeiids | w| O] 01350 3528 52.83]| 14.5| O e ]
97| 128 MKA| Dayt. kappa Aquariids | w| O] 0]354 1338 7| -7.7] 33.2| 0]2002 EV11? e ]
98| 129 QPE| Dayt qPegasids| w| O] 0135 13523 12.9]| 21.7 | 0]2005 EMI69? e ]
0 99.| 130 DME| delta Mensids | w| O] 0]356.7| 58 |-80 | K L e R MU
100 | 131 DALY delta Aquilids| w| 0| 0] 23 1310.6]| —0.2] 66.2| 0|GC/1984 S1 Meier)? e
101 ) 133 | PUM| . April psi Ursae Majorids | w| O] 0] 23 |188.6 | 98.7 | 10 | O e ]
102, | 134 NGV|  Nothern gamma Virginids | w| O] 0| 243)180.6| 17.7] 11.7| 02002 FC? ]
103 | 135 sev| South. gamma Virginids | w| O| 0] 22.7]183.2|-15.5| 13.9| 02003 BD44? |\ ]
104, | 136 SLE| sigma Leonids | w| O] 0| 27.7|192.6| 3.1] 23 | 02002 GM5?
105 ) 187 pPPUY} pi Puppids | e| O] 0| 33.6|110.4|-451] 15 | O|26P/Grigg-Skjellerup | ]
106. | 138 ABO| alpha Bootids | w| O| 0] 36.7/218.8| 145| 20.9 | O ]
107 139 6Lty oo gamma Librids | w| O| 0] 39 |226.8| 87| 283 O ]
108. | 140 XLI| April chi Librids | w| 0| 0] 39 1236.3|-18.9 | 34 2| O e
109. | 141 bcpy oo Dayt. chi Piscids| e| O 0} 19.2] 19.6] 21 | 18 O ]
110. | 142 MDR| mu Draconids | w| O] 0| 29.2|281 | 9.9 | 28 2 1 O
AL O 0 T 5 Dayt. lambda Pegasids | w| O O 29.7|343.5| 19.9 | 38. 4| O
112 144 APS| Dayt. April Piscids | e| O| 0] 30.3| 76| 3.3| 28.9| 02005 NZ6? ]
113 | 145 ELY| eta Lyrids | e| O] 0| 49.112925| 39.7] 45.3| 0)|G/1983 HI (IRAS-Araki-Alcock) | ]
114 ) 146 | CAU| beta Coronae Australids | w| O] O 54.71285.1|-39.9| 56.4| O
115 | 147 PAQ| phi Aquariids | w| O] 0] 60 350.9| -3.5| 64 | O ]
116, | 148 | MV, May gamma Virginids | w| O) 0] 45 |217.7|-31.2| 25.6| O
117,149 NOP| North. May Ophiuchids | w| O] 0| 49.7|249 |-14 | 21.8 | O
118. | 150 SOP| South. May Ophiuchids | w| O] 0| 56.7|258 |-24 | 21.8 | O
119, | 151 EAU| ~  epsilon Aquilids | w| O] 0| 59 12849 15.6] 30.8| O ]
120, | 152] NOC |  North. Dayt. omega Cetids| e| 0| 0] 46.7| 23| 17.8] 33 | 0]G/2003 Q1 (SOHO)? L
121, | 193] OCE |  South. Dayt. omega Cetids| e| O] 0| 46.7| 22.5| -3.6] 36.6 | O e ]
122, | 194 DEA| | Dayt. epsilon Arietids| w| O) 0} 5 | 44.7| 21,21 20.6 | 0]2002 SYo0? ]
123. | 195 NWA| Nothern Dayt. May Arietids| w| O] 0] 5 | 37.2 1 18.1 | 25 2| 012008 QC1077 ]
124, | 196 | SMA|  South. Dayt. May Arietids| w| O] 0] 55 | 33. 7 | 9.2 1 28.9 ) O e
125 | 197 ICA| ~__iota Cassiopeiids| w| O| 0] 62 | A3 1 | 69 2 | 19 0 | O e
126 | 158 CET| ~ piCetids| w| O] 0] 95 | 24.1|-11.7] 66.8)| 0C/1874 G1_Winnecke)? |
127 | 189 TAQ tau Aquariids | w| O| 0] 97.3/340.3|-11.5| 64.3| O ]
0 128. ] 160 | OSC| ~ omega Scorpiids Complex | w|160| O 71.9] * | * | 196 0
129. | 161} ssG| South. omega Scorpiids | w| O] 0] 70 243.7/-22.1| 23 | O ]
130. | 162 ACL| alpha Circinids | w| O] 0] 73.91218.6-70.2| 27.1| O
1 131. ] 163 | SAG | Scorpiids-Sagittariids Complex | w|163| 0| 97 | * | * | 22.9 | O e
132 | 164 | NG| ] North. June Aquilids| e| O] 0 8 |298.3| -7.1| 36.3| O
133. | 165) S South. June Aquilids | e| 0] 0] 80 |297.8|-33.9| 33.2 | 0| ]
134 166 JY| June Lyrids | w| O] 0] 852/280.3| 5 | 38 4 | O
135 | 167 NSS| Nothern sigma Sagittariids | w| O] 0] 87 2786 |-25.3| 29.3 | 0]2001 MEWT? e
136, | 168 | SSS| ~ South. sigma Sagittariids| w| 0| 0] 92.3]293.1|-14 | 23, 2 | O e
137 169, s Scutids | w| O] 0] 949281 7| 0.9] 189 | 02004 CL?? e ]
138 ) 10} JBO| June Bootids | e| O] O 96.31222.9)| 47.9| 14.1| 0] 7P/Pons-Winnecke |
139 | 1| ALY Dayt. Arietids| e| O| O 76.7| 40.2)| 23.8| 35.7| O |Marsden group of sunskirters | |
140. ) 172 ZPE| Dayt. zeta Perseids | e| O| 0| 78.6| 64.5| 27.5| 26.1| O |2P/Encke | ]
141 173 BTA| ] Dayt. beta Taurids| e| O] 0] 96.7)| 84.9| 23.5| 29 | 0]2004 71610 ]
142 | 174 TAS| Dayt. theta Aurigids| w| 0| 0| 96 | 93.3| 31.3 | 158 O\ e
143 | 115 JPE| July Pegasids | w| 0] 0]107.5|340 | 15 | 61.3| 0]G/1979 Y1 (Bradfield?? |
144 | 176 PHE| July Phoenicids | w| 0] 07110.3| 31.6 |47 7| 47 | O\
145 | 177 BCGA| . beta Cassiopeiids| w| 0| 0/126.6]352.9) 588 50.4| O}
146, | 178 | JCE| July Gentaurids| w| 0] 0]103.3]225 |-35 | 1531 011997 QK122
147 | 1719 | SCA| . sigma Gapriconids | w | O 0110 1310 1 | =14 5 | 26.9 | O | e
148. | 180 MSE| 1 mu Serpentids | w| Of 0)114 1240 | L T A0 A O I R (TR
149 | 181 KPA| ~____kappa Pavonids | w| O] 011482823 |-66.9| 18.9 | O ]
190. | 182} oCY| omicron Cygnids | w| O] 01117.21304.5| 49.7] 39.4| O
191 | 18| PAU| Piscis Austrinids | e| O| 0/123.7|347.9|-23.7| 44.1| O} e
| 152, | 184 GOR| gamma Draconids | w| O] 0]1244]278.8| 48.8| 25.1| O
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193. | 185 DBA| | Dayt. beta Andromedids | w| O] 0]100.5| 15 | 37.5]1 26 | 0|96P/Machholz? e
194, | 186 | EUM| . epsilon Ursae Majorids | w/| O] 07106 |192.5| 61.7 | 15.2| O
195 | 187 PCA| ~ psi Cassiopeiids| e| O] 01106 |389.4 | 71.5]| 40.3 | O
196, | 188 | XRI| Dayt. xi Orionids | e| O| O|117.7| 944] 15 | A O ]
197 | 189 bmé| Dayt. mu Cancrids | w| 0| 0126 |122.7)| 22.4| 24 3| O
198 | 190 BPE| ] beta Perseids | w| O] 011354 528 40.2| 66.2 | O
199 | 191 ERL Y| eta Eridanids | w| O] 0[137.5| 45 |-12.9| 64 | 0]GC/1852 K1 (Chacornac)? | ]
160 | 192 ) TRE| August Triangulids | w| O] 01139.8 | 37.5 | 30.7 | 57.3 | O e e ]
161 | 193 ZAR| zeta Arietids | w| O] 01146 | 49.7) 14.2] 70.1] 0|G/1862 N1 _(Schmidt-Tempel)? | e ]
162 | 194 Wwe|  upsilon Cetids | w| O] 0]146 | 8.6| 28| 61 | O\ e
163. | 195 BIN| | beta Indids | w| O| 0]157.3/342.8|-51.7| 14.1| 0[C/1991 L3 (Levy) | ]
164 ] 196 NPH| nu Phoenicids | w| O 0]129.7| 20 |-43 | 44 | 0|GC/1951 C1 (Padjusakova)? |
165 | 197 AUD|  August Draconids | w| O] 0|142 1272.5| 65.1| 17.3| O ]
166. | 198 | BHY| ~ beta Hydrusids| e| 0| 0)1438] 36.3|-745| 22.8| O
167. ) 199 ADC| . August delta Capriconids | w| O| 0]146 |328.7|-16 | 21.6 | 0| 45P/Honda-Mrkos-Pajdusakova | ]
168 | 200 | ESE| .. etaSerpentids| w| O] 0151 |287.7| -3.7| 86| 02000 Q877
169, | 21| 6o} gamma Doradids | w| O 0/155.7| 61.2|-50.2 | 40.1 | O
170, | 202| ZCA| Dayt. zeta Cancrids | w| O O0]147 |119.7] 19 | A3. 8 | O |
RAR I 203 GLE| Dayt. gamma Leonids | w| O| 0]148.7/139.9| 12.4)| 19.6 | 01999 RD32? ]
172 | 204 | DXL | oo Dayt. chi Leonids | w| 0| 0154 11421 12.8| 27.4| 02001 YBS?
173, | 206| XA xi Aurigids | w/| O) 0]158 | 93.5| 62.6 | 56.9 | 0|
174 | 206 AR} Aurigids | e| O| 0/158.7| 89.8] 38.7| 65.7| 0|C/1911 N1 Kiess) | ]
175 | 207 | SCS|  Sept. beta Cassiopeiids | w| 0| 0]173 | 3 | 6.9 69.1, o ]
176, | 208 SPE| Sept. epsilon Perseids | w| 0| 0]17/0 | 90.21 39.4| 64.5| O
A7) 209 | EER} epsilon Eridanids | w] O0) 0]1/0 | 56.6 |-13.8| 59 | 0]C/1854 L1 (Klinkerfues)? [ b
178 | 200 BAU| beta Aurigids | w| 0] 0[179.3| 86 | 43 | 66.5| 0]G/1790 A1 (Hershel)? |
179 | 211 | AOR| Sept. alpha Orionids | w| O] 0183 | 86.7| 9 | 62 | O
180 | 212 | KLE| Dayt. kappa Leonids | w| 0| 0181 162 7| 15.7| 43.6| 0 |G/1917 F1 (Mellish) e
181 | 21| BRG| ] beta Gruids | w/| O] 0]160.3/337 |-47 | 21 O ]
182, | 214 | BCP| beta Gapricornids | w| 0| 0/167.7]305.7)-12.8) 37 | O}
183 | 21| NPL) ] North. delta Piscids | w| 0] 0184 | 9.2 7.7 31.2| O ) part of NTA ]
184 | 216 | SPL| South. delta Piscids | w| 0| 0]174 | 23.6| 5.1] 26.5| 0]2003 Qc1o?? | part of STA ]
185 | 217 OPC| omega Piscids | w| O 0174 | 05| 88| 21.41 02001 HA4? ]
0 186. | 218| GSA| Sept. gamma Sagittariids | w| O| 0]170.1/270.8|-31 | 6.2| 0|107P/Wilson-Harrington? | ]
187 | 219 | SAR| Sept. mu Arietids| w| O] 0/179 | 28.5| 1861 36.3| O e
188 | 220 NDR| nu Draconids | w| O] 0/170.31265.4)| 59.8| 20.3| O
189 | 21| bSx| Dayt. Sexantids | e| O] 0]188.4)154.5| -1.56] 31.2| 0)2005Ub ]
190 | 222\ . ool Dayt. delta Leonids | w| O| 0183 |172.7| 21.2| 31.1| O ]
191 | 223 6vl | Dayt. gamma Virginids | w| O] 0|184 |168.4| 3.6 23.3| O} ]
192, | 224 | DAU| October delta Aurigids| w| O/ 0191 | 83.5 | 90.4 | 64.9 | O
193 | 226| SOR| ~ sigma Orionids | w| O] 0]191.7| 8 | -3 | 60 | O
194 | 226 | ZTA zeta Taurids | w| O] 0196 | 86. 1 | 147 | 67.2 | O
195 | 227\ oMo oo October Monocerotids | w| 0] 0206 |101.9] -1.4] 63.5| 0|G/1723 T1 (Keggler-Crossat-Saundersom)? | ]
196 | 28| oy, October Lyncids | w| O] 01206 |111.3 | 48.8 | 64.8 | O
197 | 229 | NAU| ] nu Aurigids | w| 0| 0]207.3| 87.9| 39.6| 93.1 | O ]
198, | 230 | 16S|  October iota Cassiopeiids | w| 0| 0]209 | 36.7] 66 | 66.3| O
199, | 231 | ACM| Dayt. alpha Canis Majorids | w| 0| 0]204 | 92.11-14 | °8.8 | O ]
1200 | 22| BCN| Dayt. beta Cancrids | w| O| 0213 |121.7| 49| 66.1| O ]
0201, | 233 06C| October Capricornids | e| 0| 0]189.7)303 |-10 | 10 | 0]D/1978 R1 (Haneda-Campos) |
1202, | 234 | EPG| ~ October epsilon Piscids | w| 0| 01195 | 34| 81| 207 O\ e
1203 | 286 | LGy lambda Cygnids | w| O] 01199 1338.6| 31.3]| 18 | 012005 CA? ]
0204 | 236 | GPS| gamma Piscids | w| O] 0]200 |377.7| 9.3| 13.4] 06344 P-L 2 ]
0205 | 237 | SSA| ... sigma Arietids | w| O] 0]202 | 44 7 | 14 21 40.5 | O e ]
1206 | 238 | DOR| . alpha Doradids | w| O} 0]208 | 69.3195.91 20 | O\
0207, | 239 | GPUY) gamma Puppids | w| O] 0]202.7)|110.1|-44 | 39, 2 | 0 e
1208 | 240 | DRV Dayt. psi Virginids | w| 0| 01202 1193 7| 9.6 | 211 | O e ]
0209 | 41| oul ) October Ursae Minorids | w| 0| 01208 1246.6 | 74.3 | 30.9 | O e
0210, | 242 | XDR| xi Draconids | w| O] 0/210.8170.3| 73.3| 38| 0
211 | 243 | ZCN} zeta Cancrids | w| O] 01225 |120.5| 14.3] 63.4| O
1212, | 244| PAR| psi Aurigids| w] O] 0227 | 94 | .. 50 | S6.71 O ]
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213, | 25|\ NWD Y Nov. Hydrids | w| 0| 0]235 1130.3| -6.3| 65.5| 0]GC/1943 Wi _(Van Gent-Peltier-Daimaca)? | |\ ]
214, | 246 | AMO| alpha Monocerotids | e| 0] 0]239.3|117.1| 08| 63 | O
215 | 247 | TAUL Taurids Complex | e |247| 01224 | * | * | 28 O
0216 | 248 | IAR| ] Nov. iota Aurigids | w| O] 012336 76.3| 33.3 | 34 | O e ]
217 | 249 | NAR| . Nov. nuArietids| w| 0] 0]241 | 39 | 23. 2 | 12381 O e ]
218 | 250 | NOOY| o] Nov. Orionids | e| O] 0]245 | 90.6 | 5.7 | A3. 7| O\
219, | 201 | vl ] Dayt. iota Virginids | w| 0| 0]223 |210. 4| 3.8 | 29 | O e e ]
1220 | 292 | ALY | alpha Lyncids | w| O] 0]268.9|138.8| 43.8 | 50.4 | O e ]
221, | 293 | CML | Dec. Ganis Minorids | w| O 0]252 4 112.9 | 7.7 | 40 | 0| e ]
222, | 24 | PHO| Phoenicids | e| 0| 01253 | 15.6 (-44.7| 11.7| 0|D/1819 Wi (Blanpain) /2003 W25 | o]
1223 | 255 | POV Puppids-Velids | Complex | ~w|255| 0|254 |128 |-45 | 36.8| O
0224, | 26| ORN| North. chi Orionids | e| O| 0]257.3| 83.9| 25.5| 24.9| 02002 XM35? | ]
0225 | 257 | ORS| South. chi Orionids | e| 0| 0]260 | 87| 1571 215 0 e
1226 | 258 | DAR| Dec. alpha Aurigids | w| O| 0]262.2| 84.9| 355| 195 O ]
227 | 259 | CAR| ~ Carinids Complex | w|259| 0|264 |129 |-58 | 3.9 O
0228, | 260 | 6Tl gamma Triangulids | w| 0| 0272 | 43. 3 | A6 | 11.3 | O
0229, | 261 | boG| Dayt. delta Scorpiids| w| 0| 0/264 1246.6)|-26.3 | 26.3 | 02004 YDS?
1230 | 262 | KLI| Dayt. kappa Librids | w| O 01259 |231.3|-20.8) 31.9 | O
231 | 263 | NAN| . .nuAndromedids | w| 0| 0]286.3]| 20 | 40 | 1.7] _0]2002 xo14? | asteroidal ]
0232, | 264 | XcE|  xiGCetidsf w/| O] 0|2863|3 | 8 | 47, Oy | asteroidal ]
1233, | 265| JGD | January gamma Delphinids | w| 0] 0]289.4]311 | 18 | 14 1 O\ asteroidal ]
0234 | 266 | ACC| alpha Cancrids | w| 0| 0/303.5|13%.4) 63 193] oy | asteroidal ]
0235, | 267 JNO| January nu Orionids | w| O/ 0]307.9| 88 | 12| 12| 0]2003 AC23? asteroidal 0 ]
0236, | 68| BGD| | beta Cancrids | w]| O 0]316.2|119.4] 11 | 146 0)2002 m13? asteroidal 0 ]
0237, | 269 | 0GS| ~ omega Cassiopeiids| w| O] 0)317.5| 74| 664, 94, O | asteroidal 0 ]
1238 | 20| FAO| | Febuary alpha Orionids | w| O] 0318 | 88.8|1 9.4, 94, Oy asteroidal ]
1239 | 2y myy March Lyncids | w| 0| 0]339.4|123.5| %0.3| 94, o} | asteroidal ]
0240 | 2]12.| ACO| April alpha Gomae Berenicids | w| O| 0| 17.8|193.1} 229 167 O} | asteroidal ]
241 | 213 | PBO| ] phi Bootids | w/ O} 0} 421/217.6| 8.7y %1, o0y | asteroidal ]
242 | 274 | NOMY nu Ursae Majorids | w| Of O} 54.411/3.5]| 45.2| 9.2| 0]2003 qo104? | asteroidal ]
243 | 215 | oLl chi Librids| w/| O] 0] 79.71223.2|-20.4) 12 2| O/ asteroidal ]
244, | 2]6 | ADR| . alpha Draconids | w| 0| 0] 80.5]220 | 66.4 | 11.6 | O i asteroidal ]
0245, | 217 GCA | gamma_Camelopardalids | w| O) 0]109 | 88.71 19 | _ 22 T O ] asteroidal ]
246, | 218 MSR| July mu Serpendids | w| O] 0j112.2|240.8, 47, 98| oy | asteroidal 0 ]
247, | 219 D} July zeta Draconids | w| O| 0)115.7/251.6| 66.5| 206, o0} | asteroidal 0 ]
248 | 280 | ADL( delta Librids | w| O] O0|141.7/2345| -2.5| 7.1 0j2003 M0? | asteroidal ]
0249, | 281 | 0CT|  October Camelopardalids | e| 0| 0]193 |166 | 91,46, 0 ]
1250, | 282 | Doy ( delta Cygnids | w| O] 0]200.8|294.6 | 46.5| 14 | 02004 BE6S? | asteroidal ]
251 | 283 oPL| pi Leonids | w| O] 0|2181)|146 | 8 | 58/ O | asteroidal ]
0292, | 284 | OWMA| Omicron Ursae Majorids | w| O] 012289115 | 0 94 0 ] asteroidal ]
1293, | 286 | GTA} gamma Taurids | w| 0] 012328 60 | 1.6 14 1) O ] asteroidal ]
0254, | 286 | FTA| omega Taurids | w| 0| 0]240.2| 58 | 16.8| 21.7) 02002 UK11? | asteroidal ]
1295, | 287 | NER| | Nov. epsilon Eridanids | w| 0| 0]240.8] 52 | -1 1. 11.1) 02000 KA? ] asteroidal ]
0256, | 288 | DSA| South. Dec. delta Arietids| w| O| 0]256.5)| 66.6  15.6| 152 o} | asteroidal ]
291, | 280 | DNA| North. Dec. delta Arietids | w| O] 0]256.5| 53 | 29 | 146 011990 HA? ] asteroidal ]
0298, | 290 ALL| alpha Leonids Complex | w|290| 0| 349| * | * | 12 O
0299, | 291 | GVR| ~ gamma Virginids Complex | ~w|291| O] 23| x| x| 12 O
1260, | 292 OPH| | May Ophiuchids Complex | w|292| 0] . 92| x| x| 21.8 1 O
261, | 293 | DCE| Dayt. omega Cetids Complex | w|293| O] 46.7| * | * | 34 | O
1262, | 294 | DMA| Dayt. May Arietids Complex | w|294| 0| 90| x| x| 22 | O e
1263, | 295 JAQ| June Aquilids Complex | w]29%| 0| 83| x | x| 36 | O ]
0264 | 296 | SIS| sigma Sagittariids Complex | w|296| 0| 90| * |..*x | 28 | O ]
265 | 297 | DAQ|  delta Aquariids Complex | ~w|297| O0]125.6| * | * | A O ]
266, | 298 | IAQ) iota Aquariids Complex | w|298| O|147.7] * | * | 3 O ]
267, | 299 | OAR| | October Arietids Complex | e |299)| O] 214| * | * | 2. 8 O e
268 | oo | 20 o zeta Puppids | w| 0| 0)254.7)123 |-43 | 3 O e
0269, | 01| PUPY gamma Puppids | w| 0| O] 255|123 |-45 | K I U T N IR
0210 | 02| PE} b Puppids| w| O] 0]256.3|128 |-45 | 39 | O
271 | o3| vy oo lambda Velids | w| 0] 0/269.7|133 |-46 | 3 | O
1212, | 04| CE| cVelids| wj| Of O] 273|135 |-46 | 6 L. Ol ]
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292
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179
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298
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19
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28
36
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19
10
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34
28
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56
54
36
22
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47
69
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191
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6
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EVOLUTIONARY AND PHYSICAL PROPERTIES OF METEOROIDS

I.—Working List of Meieor Streams

Longitude of Sun (1950)

Geocentric radiant

Name Dates* Max :
Begin- | Half | Max. | Half | End | R.A. | Decl. |Velocity| Sun
ning | max. | (deg) | max. | (deg) | 1950 | 1950 |(kms?)| (deg)
(deg) | (deg) (deg) (deg) | (deg) =
Quadrantids  |[Jan. 1-4 Jan. 3 |280.8 (282.5 (282.7 |282.9 |283.4 | 230.1 |+48.5 41.5 |282.7
& Cancrids Jan. 13-21 Jan. 16 |293 206 301 126 +20 28 206
Virginids Feb. 3-Apr. 15 314 25 186 0 35 [350
& Leonids Feb. 5~-Mar. 19 |[Feb. 26 (316 338 359 159 +19 23 (338
Camelo- Mar. 14-Apr. 7 353 - 17 118.7 |+68.3 6.8 |359.0
pardalids
o Leonids Mar. 21-May 13 |Apr. 17 1 27 52 195 - 5 20 28
& Draconids Mar. 28-Apr. 17 7 27 281 |4-68 26.7 | 14
x Serpentids Apr. 1-7 11 17 230 +18 45 14
p Virginids Apr. 1-May 12 |Apr. 25 | 12 35 51 221 -5 20 35
a Scorpiids Apr. 11-May 12 [May 3 | 21 42 51 240 |—22 35 42
« Bodtids Apr. 14-May 12 [Apr. 28 | 24 36 51 218 +19 20 36
¢ Bodtids Apr. 16-May 12 (May 1 26 40 51 240 +51 12 40
April Lyrids 'Apr. 20-23 Apr. 22 | 30.7 31.2 31.7 32.2 32.7 271.4 |4-33.6 47.6 | 31.7
n Aquarids Apr. 21-May 12 |May 3 30 39 42.4 45 51 335.6 |— 1.9 65.5 | 42.4
~ Herculids May 19-June 14 [June3 | 58 72 83 228 |+39 15 72
x Scorpiids May 27-June 20 (June 5 | 65 74 89 247 |-13 21 74
Daytime May 20-June 19 [June 7 | 67 71 76 83 " 88 4 |423 37 7
Arietids
Daytime ¢ June 1-17 June 7 | 70 72 76 83 86 62 |+23 27 78
Perseids
Librids June 89, 1937 |June 8 77.6 78.2 78.4+| 227.2 |—28.3 (1642 78.2 -
Sagittariids June 8-16, 1957-8{June 11 | 77 80 82 304 [—35 52 80
8 Ophiuchids |June 8-16 June 13 | 77 82 85 267 |—28 26.7 | 82
June Lyrids June 11-21, 1969 [June 16 | 79 81 84.5 | 87.5 | 90 278 (435 (3143 84.5
Daytime g June 24-July 6 |June 29 | 91 93 96 99 103 86 |+19 30 96
Taurids
Corvids June 25-30, 1937 |[June 26 | 94.8 | 94.9 [ 95.2 | 97.6 | 97.9 | 191.9 |—19.1 [10+2 95.9
June Bobtids [June 28, 1916 June 28 | 97.5 97.6 97.7 | 219 |449 13.9 | 98
July Phoenicids|July 3-18 July 14 {101 112 118 31.1 (—47.9 473 109.6
0 Draconids July 7-24 July 16 (104 121 27 +59 23.6 |113
Northern & July 14-Aug. 25 |Aug. 12 111 139 152 339 - b 42.3 (139
Aquarids ;
Southern & July 21-Aug. 290 |July 20 [118 121 125 129 155 333.1 |—16.5 41.4 |125.0
Aquarids
« Capricornids |July 15-Aug. 10 |July 30 (123 126 138 307 |-10 22.8 (127
Southern ¢ July 15-Aug. 25 |Aug. 5 |112 131 151 333.3 (—14.7 33.8 |131.0
Aquarids
Northern « July 15-Sept. 20 |Aug. 20 |112 147 177 327 |- 6 31.2 |147
Aquarids
Perseids July 23-Aug. 23 [Aug. 12 |120 138 139 141 150 46.2 |+57.4 59.4 139.0
x Cygnids Aug. 9-Oct. 6 Aug. 18 |136 145 193 286 |+59 24.8 [145
Southern Aug. 31-Nov. 2 [Sept. 20 |158 177 219 6 0 26.3 |177
Piscids
Northern Sept. 26-0ct. 19 [Oct. 12 |182 199 206 26 |414 29 |199
Piscids
Aurigids Sept. 1, 1935  [Sept. 1 157.9 84.6 |+42.0 | 66.3 [157.9
x Aquarids Sept. 11-28 iSept. 21 [168 178 184 338 — b 16.0 {178
Southern Sept. 15~-Nov. 26 |Nov.3 |[172 220 244 50.5 |+13.6 27.0 |220.0
Taurids
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I.—Working List of Meteor Streams—Continued

Longitude of Sun (1950) Geocentric radiant
Name Dates® Max.
Begin- | Half | Max. | Half | End | R.A. | Decl. |Velocity| Sun
ning | max. | (deg) | max. | (deg) | 1950 | 1950 | (kms™)| (deg)
(deg) | (deg) (deg) (deg) | (deg)
Northern Sept. 19-Dec. 1 [Nov. 13 |176 206 230 240 249 58.3 |+22.3 29.2 (230.0
Taurids ’
Daytime Sept. 24-0ct. 5 |Sept. 29 {179 184 190 152 0 32.2 |183.6
Sextantids
5 + 8 23.2 (190
Annual Sept. 26-Nov. 12 {Oct. 3 |182 184 190 195 230
Andromedids 20 [434 18.2 [228
Andromedids |Nov. 27, 1885 Nov. 27 |246.6 [246.65 [246.7 [246.75 (246.8 25 +44 16.5 247
Orionids Oct, 2-Nov. 7 QOct. 21 |189 206.7 |207.7 |208.3 |[225 94.5 (+15.8 66.4 |208.0
October Oct. 9 Oct. 9 |196.25 196.3 196.35 | 262.1 |+54.1 20.43| 196.3
Draconids
e Geminids Oct. 14-27 Oct. 19 |201 206 214 104 +27 69.4 1209
Leo Minorids |Oct. 22-24 Oct. 24 |209 211 211 162 +37 61.8 |211
Pegasids Oct. 20-Nov. 12 |[Nov. 12 |215 230 230 335 +21 11.2 |230
Leonids Nov. 14-20 Nov. 17 [231 234.447(234.462(234.477)|237 152.3 [+22.2 70.7 |234.5
Monocerotids |Nov. 27-Dec. 17 |Dec. 10 {245 258 266 99.8 |+14.0 42.4 |257.6
o Hydrids Dec. 3-15 Dec. 11 (251 259 263 126.6 |+ 1.6 58.4 |259.0
Northern x Dec. 4-15 Dec. 10 (252 258 261 - 84 +26 25.2 |258
Orionids
Southern x Dec. 7-14 Dee. 11 (255 259 262 8 [+16 25.5 |259
Orionids .
Geminids Dec. 4-16 Dec. 14 |252 260.6 (261.7 [262.1 [264.2 112.3 (+32.5 34.4 (261.0
15 — 55 21.7 (253 -
December Dec. 5, 1956 Dec. 5 |253.18 |253.45 |253.55 |253.65 |253.70
Phoenicids : 15 —45 11.7 (254
3 Arietids Dec. 8-14 256 262 52 [422 13.2 |257.6
Coma Dec. 12-Jan. 23 260 303 175 |+25 65 [282
Berenicids
Ursids Dec. 17-24 Dec. 22 |265 269 270 271 272 217.06|+75.85 33.4 |270.66
* Unless otherwise indicated, all calendar dates are for the year 1950.
I1.—Working List of Meteor Streams
Daily motion of radiant Number in Maximum Maximum
Name sample of visual radar
McCrosky and | zenithal rate echo rate
R.A. Decl. Posen (1961) (hr) (hr1)
(deg) (deg)
Quadrantids 17 140
& Cancrids 7
Virginids +0.81 —0.33 6
5 Leonids +0.75 —0.50 24
Camelopardalids +1.35 +0.51 4
o Leonids ) +0.44 +0.11 19
& Draconids 4
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Chapter 8:

QUICK REFERENCE

This chapter repeats a number of tables for quick reference which help in analyzing meteor observa-
tions. Refer to Chapters 2 and 3 for details.

Table 8-1: The IMO working list of visual meteor showers. The radiant position refers to the date of the
maximum. Please keep in mind that most minor showers, particularly the ecliptical complexes, show a flat
activity profile and no distinct maximum. In these cases the given date is only the reference date for the radiant
position. The radiant drift is given in the shower descriptions. There you will also find a table containing the
radiant position in a,§ as well as in z,y for the appropriate chart of Atlas Brno. a,§, and Ag refer to J2000.

Shower Activity period D:::mmurio aRachanté k:x‘:j’s r | ZHR | IMO-Code
Quadrantids Jan 01 - Jan 05 Jan 3/4 | 283 °2 | 230° | +49° 41 2.1 120 QUA
6-Cancrids Jan 01 - Jan 24 Jan 16 297° 130° +20° 28 3.0 4 DCA
a-Centaurids Feb 01 - Feb 21 Feb 07 318° 210° | —59° 56 3.0 6 ACE
é-Leonids Feb 15 - Mar 10 Feb 25 336° 168° +16° 23 3.0 2 DLE
~-Normids Feb 25 - Mar 22 Mar 14 353° 249° —51° 56 2.4 8 GNO
Virginids Jan 25 - Apr 15 | Mar 25 4° 195° | —4° 30 3.0 5 VIR
Lyrids Apr 16 - Apr 25 Apr 22 32°1 271° 4-34° 49 2.9 15 LYR
n-Aquarids Apr 19 - May 28 | May 06 | 45°5 339° -1° 66 2.7 60 ETA
Sagittarids Apr 15 - Jul 15 May 20 59° 247° | —22° 30 2.3 5 SAG
Pegasids (July) Julo7-Jul13 | Jul1l | 108° | 340° | +15° | 70 | 3.0 3 JPE
Piscis Austrinids Jul 15 - Aug 10 Jul 28 125° 341° | —-30° 35 3.2 5 PAU
Southern §-Aquarids | Jul 12 - Aug 19 Jul 28 125° 339° | —16° 41 3.2 20 SDA
a-Capricornids Jul 03 - Aug15 | Jul30 | 127° | 307° | —10° | 23 | 2.5 4 CAP
Southern -Aquarids | Jul 25 - Aug 15 | Aug05 | 132° | 334° | —15° | 34 | 2.9 2 SIA
Northern §-Aquarids Jul 15 - Aug 25 Aug 09 136° 335° —5° 42 3.4 4 NDA
Perseids Jul17- Aug 24 | Aug13 | 140°1 | 46° | 458° | 59 | 26 | 100 PER
x-Cygnids Aug 03 - Aug 25 | Aug 18 145° 286° | +459° 25 3.0 3 KCG
Northern :-Aquarids Aug 11 - Aug 31 Aug 20 147° 327° —6° 31 3.2 3 NIA
o-Aurigids Aug 25 - Sep 05 Sep 01 158 °6 | 84° | +42° 66 2.5 10 AUR
§-Aurigids Sep 05 - Oct 10 Sep 09 166° 60° +47° 64 3.0 6 DAU
Piscids Sep01-Sep30 | Sep20 | 177° | 5° | -1° | 26 | 3.0 3 SPI
e-Geminids Oct 14 - Oct 27 Oct 18 205° 100° +27° 71 3.0 3 EGE
Orionids QOct 02 - Nov 07 Oct 21 208° 95° +16° 66 2.9 20 ORI
Southern Taurids Oct 01 - Nov 25 Nov 06 223° 52° +13° 27 2.3 5 STA
Northern Taurids Qct 01 - Nov 25 Nov 13 230° 58° +22° 29 2.3 5 NTA
Leonids Nov 14 - Nov 21 Nov 18 | 235°2 | 153° | +22° 71 2.5 var. LEO
a-Monocerotids Nov 15 - Nov 25 | Nov 20 237° 1170 -~6° 60 A7 5 AMO
x-Orionids Nov 26 - Dec 15 Dec 02 250° 82° +23° 28 3.0 3 XOR
Phoenicids (Dec.) Nov 28 - Dec 09 | Dec 05 253° 18° | —53° 22 2.8 var. PHO
Puppid-Velids Dec 01 - Dec 15 Dec 06 255° 123° —45° 40 2.9 10 PUP
Monocerotids (Dec.) | Nov 27 - Dec 17 | Dec 08 257° | 100° | +8° 42 3.0 3 MON
o-Hydrids Dec 03 - Dec 15 Dec 11 260° 127° +2° 58 3.0 2 HYD
Geminids Dec 07 - Dec 17 Dec 14 262°0 112° +33° 35 2.6 110 GEM
Coma Berenicids Dec 12 - Jan 23 Dec 19 268° 175° | +25° 65 3.0 5 COM
Ursids Dec 17 - Dec 26 Dec 22 270°7 | 217° | +76° 33 3.0 10 URS
Periodically and occasionally active showers

x-Puppids Apr 15 - Apr 28 Apr24 [ 33°5 110° —45° 18 2.0 PPU
Phoenicids (July) Jul 10 - Jul 16 Jul 14 111° 329 —48° 47 3.0 PHE
Draconids Oct 06 - Oct 10 QOct 10 196°5 262° +54° 20 2.6 GIA
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Table 8.1: Working List of Meteor Showers. The solar longitude Ag refers to equinox J2000.0. The date of
maximum has to be computed for each individual year. The dates given here are only approximate and may
vary by +1 day. The entry-velocity Vo is the geocentric encounter velocity augmented with the contribution of
the acceleration by the gravity of the Earth. When observing on other dates than the maximum, please refer to
Table 8.2 for the radiant position. The population index varies during the the activity period of each shower.
Typical values are in the range between r = 2.0 to 2.5 near shower maxima. Values in this range should be used
for tentative analyses; otherwise r must be determined as a function of time before any activity computation
of a meteor shower. Details are described in the sections for each shower. For the COM/CBE please refer to
section 8.35 on page 173.

Shower Code  Activity period Maximum Radiant at max. V., ZHR
= Ao _ date a ) km/s
Antihelion source ANT Jan 01-Dec 31 - - see Table 8.2 30 (4)
ANT not observable during NTA/STA
Quadrantids QUA Jan 01-Jan 10 283°16 Jan 03 230° +49° 41 120
a-Centaurids ACE Jan 28-Feb 21 319°2 Feb 08 210° —59° 56 6
d-Leonids DLE Feb 15-Mar 10 336° Feb 25 168° +16° 23 2
~y-Normids GNO Feb 25-Mar 22 353° Mar 13 239° -50° 56 4
Lyrids LYR Apr 16-Apr 25 32°32 Apr 22 271° +434° 49 18
m-Puppids PPU  Apr 15-Apr 28 33°5  Apr 23 110° —45° 18 var
n-Aquariids ETA Apr 19-May 28 45°5 May 05 338° -—-01° 66 60
n-Lyrids ELY May 03-May 12 48°4  May 08 287° +44° 44 3
June Bootids JBO  Jun 22-Jul 02 95°7  Jun 27 224° 448° 18 var
Piscis Austrinids PAU Jul 15-Aug 10 125° Jul 27 341° -30° 35 4
é-Aquariids SDA  Jul 12-Aug 19 125° Jul 27 339° -16° 41 15
a-Capricornids CAP  Jul 03-Aug 15 127° Jul 29 307° -10° 23 4
Perseids PER Jul 17-Aug 24 140°0 Aug 12 49° +58° 59 100
#x-Cygnids KCG  Aug 03-Aug 25 145° Aug 17 286° +59° 25 3
Aurigids AUR  Aug 25-Sep 08 158°6  Aug 31  84° +42° 66 6
September Perseids SPE  Sep 05-Sep 17 166°7 Sep 09  60° +47° 64 5
§-Aurigids DAU Sep 18-Oct 10 186° Sep 28  80° +49° 64 3
Draconids DRA  Oct 06-Oct 10 195°4  Oct 08 262° +57° 20 var
e-Geminids EGE Oct 14-Oct 27 205° Oct 18 102° +27° 70 3
Orionids ORI  Oct 02-Nov 07 208° Oct 21 95° +16° 66 22
Leonis Minorids LMI  Oct 19-Oct 27 211° Oct 24 162° +437° 62 2
Southern Taurids STA Sep 25-Nov 25 223° Nov 05  52° +415° 27 5
Northern Taurids NTA Sep 25-Nov 25 230° Nov 12  58° +422° 29 5
Leonids LE0 Nov 10-Nov 23 235927 Nov 17 152° +422° 71l var
a-Monocerotids AMO Nov 15-Nov 25 239°32 Nov 21 118° +01° 65 var
Phoenicids PHD Nov 28-Dec 09 254°25 Dec 06 18° —53° 18 var
Puppid-Velids PUP Dec 01-Dec 15 (255) Dec 06 123° —45° 40 10
Monocerotids MON Nov 27-Dec 17 257° Dec 08 100° +408° 42 2
- o-Hydrids HYD Dec 03-Dec 15 260° Dec 11 127° +402° 58 3
Geminids GEM Dec 07-Dec 17 262°2 Dec 13 112° +433° 35 120
Comae Berenicids COM Dec 12-Jan 23 268° Dec 20 177° +425° 65 5
Ursids URS Dec 17-Dec 26 270°7 Dec 22 217° +476° 33 10
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5. FEFREETAES (BEER) DT
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z1. REBOBRHER

RES : 901 ~912H0Kk&NEE. IAUBS : 001 ~342H°BE&N%E, £ T2000&E 52 =, DATECEDRTMN
HEALDIRILREBOZWV1HOBAT 2 2FERALTEHERDIGEE, FORTNGEVELD
FEHE. BEHADOHANSTFHMHABERDI-IHEE, S. Long : KIEEE. AcoRP, DcoRP : {#IEER5T
=, VG: #ulERE., a, e, q,Peri, NODE, i : BNEZE K. Hb, He : FEX/HMEE. Amag : #ExIFRK. clc:
THEROD-DIZFERALI=FRER, MSS: HE4DEBATRBLEBRDLNSFRELN, P : M&P TH
BLEEDNOIREHN,

REICOVWT  FFREMTLENTEHE, TENT—2DONSYXTEFZERETERLEZLED GE
= B\ETIEAEL) ., EEBDACORP, DcoRP, VGO A BIDSDIFBED EHEEZR LTS,

REBFEDOIREZ S (IAUESIZ4824), CODE, ShowerNamelXLLTF®D@EY,

[AU CODE ShowerName [AU CODE ShowerName IAU CODE ShowerName

901 NBO nu Bootids 902 ETP eta Pegasids 903 BAR beta Arietids

904 MPR mu Perseids 905 GCP gamma Cepheusids 906 NLY Nov. Lyncids

907 MLE mu Leonids 908 ASX alpha Sexantids 909 NLM Nov. Leonis Minorids
910 LDR |ambda Draconids 911 RLE rho Leonids 912 DCL Dec. Leonids

IAU DATEQT) S.Long AcoRP SD DcoRP SD VG SD a e g Peri NODE i Hb He Amag clc MSS M&P
901 0119.74 299.18 206.0 .8 12.6 .3 62.8 2.5 2.75 .691 .850 221.7 299.8 140.5 111.3 97.6 3.9 8 13 1
NBO 439 429 41 - 27 - 25 - - 166 .08 24.6 4.4 49 1.8 521.1

902 0808.16 135.40 334.6 .4 32.7 .4345 .9 1.46 .685 .460 293.1 134.8 55.1 101.7 88.150 6 7 3
ETP 2.82 2.93 52 - 20 - 7.9 - - 147 .067 17.2 3.2 10.9 2.6 8314

903 0808.16 135.38 28.8 .4 21.9 .9 65.5 2.8 3.25 .728 .882 226.2 135.0 161.1 111.4 101.54.2 6 12 1
BAR 220 2.34 26 - 27 - 22 - - .135.072 148 2.1 58 41 47 .8

904 0812.10 139.64 70.4 .9 50.0 .3 54.22.61.91 .691 .592 88.4 139.5 121.3 108.1 99.04.1 5 5 2
MPR .56 .54 46 - 26 - 3.8 - - .042 .099 15.8 4 7.2 3.2 6.2 .5

905 1117.32 234.99  47.6 10. 79.5 .8 33.8 1.5 6.12 . 864 .830 228.9 235.6 51.6 105.1 98.04.5 4 4 1
GCP 1.36 1.31 154 - 50 - 1.4 - - .058.048 7.9 1.2 3.3 6 2.2 .8

906 1120.35 237.92 141.8 .8 40.0 .4 60.6 2.0 2.57 .709 .748 246.1 237.9 132.5 110.8 98.04.2 8 15 1
NLY 3.68 3.81 56 - 3.4 - 3.7 - - .144 101 18.7 3.8 9.1 4.2 4.9 .9

907 1118.09 235.70 142.4 .529.3 .2 66.0 2.9 3.31 .740 .860 225.2 235.8 153.6 109.7 97.93.5 7 31 0
MLE 60 .74 25 - 26 - 22 - - .119 .067 13.6 7 42 35 4510

908 1119.71 237.37 154.6 .5 -3.4 .568.8 2.4 16.9 .947 .898 325.3 56.6 155.6 116.6 99.7 3.2 6 17 2
ASX 3.60 3.60 31 - 20 - 23 - - 191 .05 11.8 3.4 41 103 1.620

909 1120.28 237.99 162.2 1.6 33.0 .2 65.2 1.8 3.83 .750 .959 171.0 237.4 138.9 111.8 100.4 3.4 9 29 1
NLM 3.25 329 6.4 - 1.4 - 1.6 - - .119.033 20.6 2.7 45 6.3 421.8

910 1118.52 236.07 177.3 7.2 70.4 .6 41.7 1.4 2.57 .630 .953 200.8 236.0 74.8 104.3 87.53.9 9 17 2
LDR .64 15 121 - 3.6 - 2.6 - - .156 .034 13.5 7 3.8 9.7 4919

911 1214.31 262.18 155.6 .5 5.2 .8 65.6 3.0 3.00 .771 .686 72.8 82.2 170.8 112.3 96.04.4 12 23 0
RLE .04 102 21 - 27 - 23 - - .117.078 13.2 1.0 48 48 4.8 .7

912 1214.42 262.19 155.3 .4 20.8 .3 64.1 2.0 3.27 .835 .539 270.1 262.3 159.0 109.0 94.9 4.0 19 24 2
DCL 3.20 3.21 30 - 3.4 - 22 - - .102 .082 11.3 3.3 8.1 6.6 5515

001 19980731.62 128.23 305.0 .3 -8.7 .8 20.8 1.1 2.32 .728 .632 264.0 128.2 7.1 98.4 87.150 7 26 20
CAP 02 .02 1.6 - 1.3 - .8 - - .022.026 3.2 0 .9 34 26 .6

003 19980801.65 129.21 340.7 .2 -15.6 .5 38.2 1.2 2.07 .952 .100 148.1 309.2 20.7 101.0 83.53.9 6 24 6
SIA .04 .04 1.0 - 8 - 1.1 - - .009 .005 .9 0 2.7 .9 2623

004 19991212.70 260.22 111.7 .2 32.8 .133.4 1.1 1.27 .883 .149 324.1 260.2 22.8 101.6 85.8 4.7 50 242 147
GEM .06 .06 10 - .5 - 1.1 - - .012.007 .9 1 1.3 1.7 321.6

005 19980801.65 129.22 343.3 .5 -15.8 .7 38.6 1.1 1.82 .953 .085 151.3 309.2 26.7 99.8 85.9 3.5 16 34 13
SDA .03 .03 1.4 - .6 - 1.6 - - .012 .007 1.6 .0 2.4 2.3 4215

007 19970812.66 140.00 47.3 .6 58.1 .3 58.8 1.0 10.9 .913 .950 150.5 140.0 112.6 119.3 99.0 1.7 20 142 330
PER 06 .06 12 - .6 - 1.0 - - .071.009 2.5 0 1.3 7.3 2619



008 19961021.76 208.68 95.9 .8 15.8 1.1 66.2 2.0 8.47 .932 .574 83.1 28.7 164.1 115.8 99.0 2.2 16 37 46
ORI .06 .06 1.0 - 5 - 1.4 - - .071 .028 4.7 .1 1.0 1.5 50 .9

010 19970103.67 283.38 230.1 .9 49.7 .4 41.1 .9 2.95 .668 .979 172.0 283.4 71.5 105.8 96.3 2.4 16 33 22
QUA .04 .04 2.1 - 1.2 - .9 - - .037 .004 3.8 N 1.4 2.9 - 1.7

013 20011118.78 236.48 154.3 .3 21.5 .170.6 1.1 9.57 .897 .986 174.4 236.5 162.5 125.8 92.3 .9 35 141 23
LEO .03 .03 3 - 1= .8 - - .061 .001 1.2 .0 .2 17.0 4.33.0

015 20061222.75 270.66 219.2 2.3 75.1 .2 32.4 1.0 4.19 .776 .939 206.3 270.7 52.3 105.7 97.1 4.6 10 10 3
URS .04 .04 3.7 - 1 - 1.2 - - .054 .006 1.7 .0 1.4 2.1 1.1 .6

016 1215.25 262.85 130.4 .3 1.5 .457.71.009.76 .978 .217 125.3 82.9 126.8 116.4 94.73.2 4 6 5
HYD .83 .14 4 - .8 - .5 - - .007 .007 .9 .1 1.5 - 1.4 1.3

019 1212.95 260.51 102.1 .2 7.8 .440.11.17.29 .973 .199 128.3 80.3 33.8 103.2 88.85.1 4 11 8
MON .59 . 66 9 - 5 - 1.6 - - .020 .004 .9 5 1.7 3.6 4.91.1

028 19931011.67 198.44 32.9 1.4 9.04.927.01.11.66 .805 .323 121.2 18.4 50 103.6 90.73.6 6 6 33
SOA .03 .03 1.4 - 1.6 - 1.7 - - .041 .032 3.7 00 1.7 40 3.41.3

031 19950506.72 45.79 338.1 .6 -.8 .366.01.9 21.7 .972 .599 100.1 45.8 162.9 114.4 99- 1.9 5 19 2
ETA .02 .02 1.4 - .5 - 6 - - .026 .024 2.8 .0 1.2 - - 1.7

032 1214.08 261.90 158.0 .4 33.0 .3 61.9 1.8 4.80 .878 .587 262.3 261.8 133.3 113.9100.04.2 4 7 5
DLM .51 .59 2.7 - 5 - 1.3 - - .081.027 3.0 .5 1.0 1.3 2.4 .3

049 20070414.68 24.24 215.7 .3 -6.8 1.3 26.5 .9 1.50 .723 .414 293.7 24.3 7.0 102.8 93.45.2 3 3 6
LVI .10 .10 3.7 - 3.2 - 4.7 - - .060 .026 4.1 1 4.2 3.5 3.6 .3

245 1118.68 235.91 130.0 .5 -7.11.064.52.57.26 .877 .895 36.8 55.8 134.5 113.1 95.73.8 5 6 O
NHD .35 .26 1.9 - 35 - 1.9 - - 113 ..027 6.2 .3 5.8 6.2 5313

256 1212.25 259.96 86.5 .2 29.3 .122.91.11.76 .723 .487 282.0 259.9 4.9 100.2 90.56.1 5 19 23
ORN .51 .25 55 - 21 - 1.4 - - .036 .064 9.0 .2 1.8 2.1 1.3 .8

257 20011211.65 259.65 80.8 .3 14.1 .3 20.41.01.97 .706 .579 89.5 79.6 6.2 97.2 87.66.2 4 29 14
ORS .05 .05 46 - 50 - 3.0 - - .063 .090 10.1 .0 3.4 54 26 .2

258 1212.87 260.65 83.8 .4 35.1 .219.9 .8 1.60 .652 .559 275.4 260.7 8.1 953 82.46.5 5 24 6
DAR 1.39  1.31 20 - 40 - 2.8 - - .071 .067 6.2 1.3 2.6 5.9 9.3 .4

286 1123.06 240.72 58.7 .3 11.7 .319.4 .8 1.86 .661 .630 84.6 60.5 52 98.5 86.648 5 10 6
FTA 4.09 4.22 29 - 1.3 - 1.4 - - .03 .056 7.0 4.3 .3 6.0 2319

288 1212.16 260.19 72.9 .516.0 .316.0 .9 1.80 .601 .719 73.6 80.0 3.0 92.0 84.16.0 5 16 12
DSA .91 1.07 4.4 - 3.1 - 1.9 - - .055 .046 6.6 1.0 2.4 5.2 4.01.0

342 0811.90 139.51 345.0 .6 4.51.636.11.21.38 .907 .129 326.7 139.4 24.8 100.2 84.23.4 9 16 11
BPI .39 .35 .17 - 30 - 30 - - .031 .016 .9 .2 4.2 3.4 2814
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observations over Japan

EFHFE WAET

C:3=

1992F12AMN520094%10HZETICImage Intensifier (I 1){fEETAH T2 REA
LEIEDRKRE-1=3, 77 0HlORFREICEAL T, DHERUD’ $HEZFALT. I AURE
BURNEBEFET -, TORE2 2L 1 2KRMBEHRE L=, TAUYRKIZE295
H(2009F6 ARAEMNERINTLSN, BEEEMNICHRLTLESEIILENWI LAH S
fzo T 1IE8EFTHOBLWREEZRRELTWS =6, BoN=-RMEDS < NHERFE & i
DERTHEWVWRERTH 7zc TAUVRXMIREEMDZVOLEDA A =R DB,
ZITCAMXTIHERLIZTAY bFEHZELETHREICEELOTC Lz, AARDO-HICITES =
DREFZELSRIIEDNEETHD, T TEHEIFRADEREBADEZAAZEALKRIELz, £<
DHREBICRITTWNEEL O, ARERTHWV=RB0D 1 | AL 5EBREETAHEBRE
MET—2%h 205K UKL=,

1. [XFL®HIC

1992F12AML 1 1 #ERALERERKETAERAZLZHMIBLI-, 200941 0AFTICS,
77 0RENELONTEY L OHMDEAIERS (e. g. Shigenoetal., 1997; Y. Shigeno & T. Shigeno,
2004.) #117-oT& 1=,

HROMETH BB LEET H-OEOIHIDXMESEIZL TETz,Cookd 1) X k (Cook 1971)
[FMcCrosky & PosenlZ & % ERiBI#5R (McCrosky & Posen, 1961) 7% & %45E(C L T 5 8 REMHDIEES
R, BBERLGEE—EBICLTWS, BERAICKIHHMIRMEES I ENTES, Cronkd
fitF (Cronk, 1988) (FIEEIZZLDXEZEZFE LD, 1 1 9HEZH/NLTEY. REBOEKRR LD
2TWL%, I MO®MHandbook (Rendtel et al., 1995) (XERRAEZDEREALE & HIZ, EEL I 8H %
BALTWS,

& ZATIAU Meteor Data CenterAjRZ2Ef') X k (Jenniskens et al., 2009) #H&EX L=, 29
5tH5-0. BAKREBETHICTHLHRVWDESZTLE L, TECTETIXERKEICTAUYRF
DEFRESEHANSINIZ3, 77 OEORBRIARENSBONEBFREZTOY b5 EH
STz, TLTRIC, RHMBERVRMBZREL. OMDERET>OTHNT S,

2. ERIBEHM

HANICAW-EHONEE IOy I RZER
1I2R9, 1 1 (EENRKR =9 XEV3287P,
FIETILI banga T EXX14T0%FERA L
Tzo SNBIFFE2HEK T I LS., EBIEE

FREHETHD. 199 2FLEOTREL 0 .......... O
RYDBEAARXL LT, BRIE4 1 HERC | Q=

CDTi®L. Hi SETAT—TICHEL
fzo 200 5FUEIEIDV I+ —< Y L TP
CIZEE LTS, K1. 11 #EFRALEETA#EMETOYIE
YL o X ERBA T, FICERALEZLY

A& Canon#d 85mm F1.2, fREFIT1 2Ex 9E, RMEEFMHIIWN9. 5%F. FMREFHRILIHS

ETHAH, MEOTFHWATEREEHN7 ONA (FERE). ZHAEICLIEHNAEHOFEHRER




#0. 6 E(BERE) THDH, COBAMBEKES OBHESH. BADBAEFICERMF ST S,
EZEQTNL—TOELEHAMITERRRAEL(E139° 117337 N:36° 28'42") LimEBHKRED
(E:139° 06" 10” N:36° 05'56") (R AHR) T, FFFLICHEATEY. ERIE42. 9kmTH
5, MESPRVDTIZ7A T4V TERZERL. BRORKENGLNSELSZH0. 5ED
RECTHBREZIT o=

3. REFOREAE

295HICHLRATAUREBHRIRAMI, SETOREFHMOERKEEADSESS, £2TC
NZEREELLT, HAOBABRZATIESH, BAMBFERE L1z, RICERAEFIZITZSE LGEVLAR
ERFHERONIRMBFEZRLE L=

3.1.D/D’ HIFEIZKDHEDEL
BHAWLGEZAELT, UT I-)~1-DIZRTHENT, ET—FLYREBHEEYITYT
T5H5EELT
- EMORER EER) ICHET IREZRET HITH-Y . FF LD HIRE (Southworth &
Hawkins, 1963) % U*D’ #I7E (Drummond, 1979) [k YHN%ELT-, BLEERICKYBRE I
TINELDH. DHEED HEDEELM—ATERESNNIER—FHLAE LT,
RICBRESINEZREBFZSSITSADIVIINTEHETHRKYAAL, CCTDHERUD #HE
RREEICEBNT 5,
a) DHIEIF 2 DNMEERBDELE LRSI AT, BRTHLE (DX TREND, %<
DETF—EADYUTIIOERMNS, BERMICDDENAO. 2UTER—FEAET,
D"2 = (BDEDE)"2
+ (GAEREEREDE) "2
+ 2sinEEEBOAE)] "2
+ {2sinGEB SERZROHE)] "2 (1)
b) D’ #¥IEIL. DHIEICHBZEMAI-AET. QXTREIIB,
D' "2 = (BLEDE) 2
+ GFEREEREDE) "2
+ sinEEEBEDOARE) "2
+ sinGERA AAMBOAE) 2 2)
D' ¥IEDHERIFLLTDEY,
- EAREREOAEORYIZ. EEOARASARBOAEIC LT,
HERXDABEBEINETNDES, O~ 1 DEDEZWMSHRICABEBFTLTIAOFERETI X
LT, ¥IEEIZPHICEELE5Z5#%IC LT, DHETIL. BOERDE, IR SEHD
EZFOo~1DIE. 2sinEVEERINAE). 2sin(EEAEREOAE) IF0~20D(EE
BMoTUWWztzd, BEHIZK > THEMBICEZ HFEENEL > TV,
- D’ HIFEIXDHIED1 / 2FBEICHEDHZENEL ., BEMIZD DEMNO. 1UTER
—BETHHENMERSATINS,
1-)REBOFHERDZIZHY., BXOETAHBRAT—2DHFFALT-,
1-3)SANEHBICELLNY ., REHPZVEEE. RIVREHOZVW1BOHRAT—2%F
ALTEHZEXRDT=,
1-HBEROLBBAT— 20 oBEEDHY T 5LBREZFELETICHIZY. SEDLO
McCrosky & Posen(1961) ICk A& BIT—2 (UL TM&PT—2) N5, E—#HLBbLNDR
EHERDI-, MEOLETHEMNSZ LXK,
aAM&PT—4H(E1952~1954FENFEAHATHY .. HELDETAEHR & EABHAK



Hont=EESZ &R, DACEL50FRFBBILTNS LTS,
bM&PT—ENEERELZ4FEFTTOHSVRE. RADETHHRAEIELE8EFF
TOEWREZHRELTEY., ASVNRE. BLRENELLHHBELTWS I &N
AhB,

32 TAUYRMAFERALEBHMBEDOREAE

EEHOFRNTEHEONE=T—2ETAUYR MO THBEELSZ L. TAUYR MNIRE

HOMBERZHR >TVWWEWNWI ETHS, TCTUT 2-1)~2-) DFE%FHEA LT,

- BAREFAGERE. BT, RENCHEERZRDI,

2-)RDI-BMBERZHRT—F2ELT. DHERUD HIFEICEKY. £BAT—2HMSEED
HYZSHREBEFELE LI,

2-DNIFELELERELN S, BABCEFNADOFHELIZERE(0)ZRDH, 20%HELLT,
[RAIE LTENLULETEA BN TV SIGEEEFUIVIET-, T L TESENR, ERE.
MEERZTKRDT-,

2-) TNODNEBICEYBHD 2 28 FRIELTz. RT1ITETLIIC. Thnld] AUES
001~342IC%ETHEEZADND,

3.3 REBOBEAE
295HDIAUYRKMINTS3. 28O T—FHERICEZRLEES. MET -2 ICLVEH
SNFERHNDBREHICODVWTEFOREFHZHRRD,

SFNERLEIZ. TAUVRMEHEADBARUMAPT—2NBEHRZAZLICHFTTOY
FLT=e M&PT—%(XEHX (McCrosky & Posen, 1961) M SEHEREERNF—a1 2 L1=H
ND#HEFELY Z(+1=(Shioi, 1994, private communication) .

3-2)BfAT. TAUURMOBEHRICEEENTULEVLRMOEBHADEFTY #1EL. BB &
TOFREE. FEERDT=,

B RDHI-FR. FBITEWVEFREZHL. RENZEZE—HTIBXORELXZEY I 7y TL
fzo TLUTEMESF R, RE. PEEREZRO-, COFEITLYRMD 1 5HE/RES
nt-,

S ROHT-BBERZFH T —F L LT, LEBRMED2-2) ~2-3) DA ETEREF R, ERE.
MEERTRDT=,

D) ANFERLTH, FEDDLLOEWVNZELY ., LUENKEKELLZGEEAHY. 3
BIBRLT1 28 ZR L1z, fIZEHMEMSMDEICEFSRZHFEORENIGS. REHN 3 %E
SEBDEMNO. 1EDY, D’ HEDHEEZEATLES, ETAHBDOBZE. FED
REFRZFVDOT, EEQRVREHOITEILIEEZET S, HREZHKEFS901~
912&,LTER2IIRT,

4. BREBAICEL SRS ADOFHE
MERZRET 56, BRNROREDFMEEF-VOWAAETETHD, TS TAHETEHR 2R
9 ERZEHEM (Shigeno et al., 2003) ZfFEMA L TEFRDKREZRDT =,



4. 1. REBADKRDT
M2D&k S5 CHERBORNESRE PPy P, EF5LE. ZhENEATRTRESH

STWBEDET B, CCT O O O . ZRENOHEAOKERKEERT DA

EDREBERE) THD, COLERERBEFTBRBSIEIRE(0 ) &, RERBEEDL

ERBE(0)E. TRENQ) X TRTCENTES, ELICT X, HRERELHTSED

EYMENMSFAERETTERELRITH > TR > 7-FEEE (radian) .

y O — 1

Q)

7
EYGS

MERBAAOBICENT, REBAXRERREAER/OFHMEICANIARIZ 0, . £
NEEXRTHARIC O DREEEHFD, ALREZ2HMAUETHRANT L. TALTNORE
REXADEEZOREBANROOND . BHOREXBRAAOBILEBHRZRODE. U
LEEKARDFETENADREBAEZRDLENTES,

Average point (a)
PI of meteor

0'3 P3
EQIUI Xz\ég;D
X % X3 Meteor
2

2 P,

l/ great circle

Average point

of meteor
™~

®2.
() RERKE . BATTRTREERD
R A

b) REEKE. ZOAANIE, HES
BEFABHSLIBEL 0, . RES
BEENEREEIL 0, TREND,
(0) 2 A THAL-ZNEhORER
B DB D3R 8 1= 8851 15 & LA
M.

Radiant
of meteor



4.2 BBISh-EHROLAY £RE

BHRATHON-BHROREBADOHZRE 3 (2RT, FIMHEIZ/PNES VREEALEF Y., B
BICKEVREBANSLEN>TLS, LALREBAOREMIH O, SHERIZELTEY.
REICKYVEFENPLIAG TR EEZLCRLTINS,

/
218 /
7

21.6 % = /ﬁ/ _

_ e '!r

T

21.4 = 2
4/"% S
o
e )
21.2 P
155 154.8 154.6 154.4 \54.2 154 153.8

3. 200151 1H1 8HNRABFEEHATCHEON-EFADREEASf.
ANYDFT LT BEHDEADY A XE1./5I12HE/NMLTLS,

5. BEHERDNMHE LR
5. 1LEHASARICDONNT

M4ICAZLEDEFENPTETT . ERD X ENIEHADOER LI-8E5R. +HNEM&PT7T—4
DESH R, OMIEMIKMATH D, EROBEAFZEE)FXTAUURX MDEFREZRT . [ A
UJR DB TB SHIMNEZ SN Tl Sestabl ished meteor showersldAfRE L1=,

ARESEEH SINEZREFEZTRI  EAOHBTRE SNEIFBETEROEA (FE6E).
RIRDOFEA (FE7E) FSEEE LE-RMNBEOENRERT . FHEROLIEHICEALEREZ
EXEITRLUTz (ERETEICEEZ LSS FONSENSIZH > THEARICEU S =6,
FERIZRZSM., ELVLWVEROAZRLTLD) o

IAUNRME2RTDIZHEBZEOHEZFERAL-ERIE. 2<NDETIOANRNIZIELEAEET
DESNRFEBREN P T OO TH D, BRABETREHCODEEFEE L1z, RAMBOESF R ER
TOICHER7EOAZFEALLEAIE. RANBFIBEMBEIYELLEVES RS HTETEEAL
-=6ThHbd, RIMEIIHEES (IANESITFHY)901~912% 52 L 1=,

B (CHMRE (VG) & XEIY A XDOBEFRERLIz, XHIDH A X(EVGELHIL, VEHE
WMEE XY A XERELTOY b LI +EIBERRICV GITHBIL THEIY A XEEZ TLVS,
HIKRDNELBEIDSFEZ KRB L., HERAAMTETEVNEENE ., BhBIZHE->TVGEHEL L
DTWLKHEFNREBL AN D,
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M4a. 1 1RGN KYFToN-3, 77 0HlDENRDMT
BZLIZERZRITTEELYPT C L

DERFEAOHAL-EHNR. MPT—20EFR. IAUYXMOEBEFRERT,
BRI SEBEIN-EHRAEZRT . CNICITEIHE. RMBELNEEND,

XEH . HEAOHBBILI-EHR

+H : M&PT—AMDEEHA

O : #IXFEHA (%A 15 HDAE)
EROEMA(FE6E) : IAUVRMDESFR2958 (200946 AR

established meteor showers M6 5EITAMTERLT-,

RIRDOEA (FE7E) : SEEE L-RHNEOEN R

5.2 R 1 DEHBEDORIEHZRREDIREIZONT

BEREBBCTLERIIFENE., TERET—FOMMSY ZZERETERLEZLDOTHD, HIZE
B R THNIE. TERITEHN RDILNY #ZERETR LIZBDIZE S, —FH . LEDACORP, DcoRP,
VG OFREID Ea (XELZDREDAEICEENDEHE - BITREDOFEHERL TS,

Bl Z (L5 7= T8 (IAUCO4-GEM) =R B &, ST A (FRiE, F#) (X (111.7, 32.8) &4-T
BY., BREFIZENATN (0.2, 0.1E) THD., —A. TEROT—2DOLENYERZE. Th
Zn (1.0, 0.5/F) LiE>TWD, DFEYEHAT—FDIWLMNY X, HLOEBIH (T DHEHE -
BTREDSEREL, PONTEFNADILNYERL TSI ELDMND, SO &S HGHERIE
RIVEDABOLAATHGEOFTERTRIHZKICE OGNS,

CHDEIEEHTHARENBLDIE, TEH (LAATFE. NILEDORE, 5IHLGL)
DEFRMEZM LT, BHAICEXRT SFRICEFINEKD &S ICEAGHO 2 haDEE
FEZ. REFAZROEE-HTHD, TEHUNIEFIARL ST VA LIZEY | BL2OES
ROREFBEFBRCLGL, 28813, 7 7 OBlOEFADRERE GREDTY) FHN0. 6 E(HE
ERE)THD,

FEFHOBTHLLE (JAUOI3ILED) (FEMAEL S, B RADFHREREN (K, K&
= (0.3, 0.1%) THHMN., T—20WmAYEZEnTh (0.3F, 0.1F) &£GE-oTWD, RE
ET—EDWMMNYDRRLEES 2 &I, T—2DIMMY EThLL E/INESh - F=TTREEN H B 5.
REDEOIZRETETWWEWI LIZHS, COLLEE200 1 EFOXRERFIRAZIOTH
Y., EhEREN = ELDH S (Shigeno et al., 2003),

5.3. R2DEKRMBDREFHERIZCONT
R2DT—RITOVWTHLHABEFI LR L-FTEHLUNDGEELRETH S RANFIITREHR
NLGENESH RODESREBICHE LUEVES R ZIRAT 5 -0REMICIIBELGWEE R 5,
BRELE2TOEICRLWTERE. BHBEOHANSFEHERDOTLD, ERICFEHZRDSBIC
H-Y. BABEFERTE6 HURN, BHRRKRFIEATE6 ELURNOHEEZHERAL-, LYELD
BAGRIOREDREZ/ONDLSITKYIAAZToER. COHERNLNRELEZ T,



BZERLI-5E

Je/i

c EDRTENGEVLDIIEHRE. EHHOHAN LG FHABERHT-5E
NSER. AcoRP DcoRP : fHIEEE5T A . VG : HulyEE., a, e, g, Peri, NODE, i
RS E., Amag : #ExtEH. clc:

=1.

BB DR ERER
£T2005F5 R, ATETENRTAH D LDRFRLAZHNE L1 BORET

E¥tlh\bhélllbg§io M&P : M&PT 9 —Cnﬁ&:ubhéumggﬂo
— S DIEAY ZRERETRLEZDIO CEE

BEICODVWT : BREM TLEENATEYIE, TERAT
o -EEXMDACORP, DcoRP, VGO HE BIDEal{E < DR EDETE -

B2 DREDEE - FEFTERETIEALY)
BTREDFEHEEZRL TS,

|AU

001
CAP

003
SIA

004
GEM

005
SDA

007
PER

008
ORI

010
QUA

013
LEO

015
URS

016
HYD

019
MON

028
SOA

031
ETA

BIE SNT-BEEN1EE D |AUES, CODE, ShowerNamelZLLTFD&EY ,
|AU CODE ShowerName
001
004
007
010
015
019
031
049
256
258
288

DATE (UT)

19980731.
0

19980801.
0

19991212
0

19980801.
0

19970812
0

19961021.
0

19970103
0

20011118
0

20061222
0

1215.
0

1212
0

19931011.
0

19950506
0

62
02

65
04

70
06

65
03

66
06

16
06

67
04

18
03

75
04

25
83

95
59

67
03

12
02

CAP
GEM
PER
QUA
URS
MON
ETA
LVI
ORN
DAR
DSA

alpha Capricornids
Geminids

Perseids
Quadrantids

Ursids

Dec. Monocerotids
eta Aquariids
|ambda Virginids
North. chi Orionids
Dec. alpha Aurigids

South. Dec. delta Arietids

S.Long AcoRP Ea DcoRP Ea VG Ea

128.
0

129.
0

260.
0

129.
0

140.
0

208.
0

283.
0

236.
0

270.
0

262.
0

260.
0

198.
.03

45.
.02

23
02

21
04

22
06

22
03

00
06

68
06

38
04

48
03

66
04

85
74

51
66

44

79

305.00.3 -8.70.820.8 1.1
1.6 - 1.3 - 08 -
340.7 0.2 -15.6 0.5 38.2 1.2
1.0 - 0.8 - 1.1 -
111.7 0.2 32.80.133.4 1.1
1.0 - 0.5 - 1.1 -
343.3 0.5 -15.8 0.7 38.6 1.1
1.4 - 0.6 - 1.6 -
47.3 0.6 58.10.358.81.0
1.2 - 0.6 - 1.0 -
95.9 0.8 15.81.166.2 2.0
1.0 - 0.5 - 1.4 -
230.1 0.9 49.70.4 41.10.9
2.1 - 1.2 - 0.9 -
154.3 0.3 21.50.170.6 1.1
0.3 - 0.1 - 0.8 -
219.2 2.3 75.10.232.41.0
3.7 - 0.7 - 1.2 -
130.4 0.3 1.50.457.71.0
0.4 - 0.8 - 0.5 -
102.1 0.2 7.8 0.4 40.1 1.1
0.9 - 0.5 - 1.6 -
3229 1.4 9.04.927.01.1
1.4 - 1.6 - 1.7 -
338.1 0.6 -0.80.366.01.9
1.4 - 0.5 - 0.6 -

a

2.32

2.07

1.27

1.82

10.9

8. 47

128
022

952
009

883
012

953
012

913
on

932
on

668
037

897
061

776
054

978
007

973
020

805
(Z3]

972
026

OO OO0 OO0 OO0 OO0 OO0 OO0 OO0 O OO0 00 o0 oe

IAU CODE ShowerName

003
005
008
013
016
028
032
245
251
286
342

632
026

100
005

149
007

085
007

950
009

574
028

979
004

986
001

939
006

217
007

199
004

323
032

599
024

SIA
SDA
ORI
LEO
HYD
SOA
DLM
NHD
ORS
FTA
BPI

Peri

264.0
3.2

148.1
0.9

324.
0

1
9
151.3
1.6
150.5
5

—_
N
~ N © w © w ~ w N &~

South. iota Aquariids
South. delta Aquariids
Orionids

Leonids

sigma Hydrids

South. Oct. delta Arietids
Dec. Leonis Minorids
Nov. Hydrids

South. chi Orionids
omega Taurids

Aug. Beta Piscids

NODE i Hb He Amag clc MSS

128.2 7.1 98.4 87.1 50 7 26
0.0 0.9 3.4 2.6 0.6

309.2 20.7 101.0 83.5 3.9 6 24
0.0 2.7 0.9 26 2.3

260.2 22.8 101.6 85.8 4.7 50 242
0.1 1.3 1.7 3.2 1.6

309.2 26.7 99.8 85.9 3.5 16 34
0.0 24 2.3 4.2 1.5

140.0 112.6 119.3 99.0 1.7 20 142
0.0 1.3 7.3 2.6 1.9

28.7 164.1 115.8 99.0 2.2 16 37
0.1 1.0 1.5 5.0 0.9

283.4 71.5 105.8 96.3 2.4 16 33
0.1 1.4 2.9 - 1.7

236.5 162.5 125.8 92.3 0.9 35 141
0.0 0.2 17.0 4.3 3.0

270.7 52.3 105.7 97.1 4.6 10 10
0.0 1.4 2.1 1.1 0.6

82.9 126.8 116.4 94.7 3.2 4 6
0.7 1.5 - 1.4 1.3

80.3 33.8 103.2 88.8 5.1 4 11
0.5 1.7 3.6 49 1.1

18.4 5.0 103.6 90.7 3.6 6 6
0.0 1.7 40 3.4 1.3

45.8 162.9 114.4 99- 1.9 5 19
0.0 1.2 - - 1.7

M&P
20

147

330

46

22

23

33

— 2 ZFERALTE
o S. Long :
: B EER. Hb, He :
FEHERODE=OICERLIEZRERH, NSS: HELDEHAITH

F



032 1214.08 261.90 158.0 0.4 33.0 0.3 61.9 1.8 4.80 0.878 0.587 262.3 261.8 133.3 113.9 100.0 4.2 4 7 5
DLM 0.51  0.59 227 - 05 - 1.3 - - 0.0810.027 3.0 0.5 1.0 1.3 2.4 0.3
049 20070414.68 24.24 215.7 0.3 -6.8 1.3 26.5 0.9 1.50 0.723 0.414 293.7 24.3 7.0 102.8 93.4 52 3 3 6
LVI 0.10 010 3.7 - 32 - 47 - - 0.060 0.026 4.1 0.1 4.2 3.5 3.6 0.3
245 1118.68 235.91 130.0 0.5 -7.1 1.0 64.52.5 7.26 0.877 0.895 36.8 55.8 134.5 113.1 957 3.8 5 6 O
NHD 0.35 0.26 .9 - 35 - 1.9 - - 0.1130.027 6.2 0.3 5.8 6.2 53 1.3
256 1212.25 259.96 86.50.2 29.30.122.9 1.1 1.76 0.723 0.487 282.0 259.9 4.9 100.2 90.5 6.1 5 19 23
ORN 0.51 0.25 56 - 21 - 1.4 - - 0.036 0.064 9.0 0.2 1.8 21 1.3 0.8
257 20011211.65 259.65 80.8 0.3 14.1 0.3 20.4 1.0 1.97 0.706 0.579 89.5 79.6 6.2 97.2 87.6 6.2 4 29 14
ORS 0.05 0.05 46 - 50 - 30 - - 0.063 0.090 10.1 0.0 3.4 54 26 0.2
258 1212.87 260.65 83.8 0.4 35.1 0.2 19.9 0.8 1.60 0.652 0.559 275.4 260.7 8.1 953 82.4 6.5 5 24 6
DAR 1,39 1.31 20 - 40 - 28 - - 0.071 0.067 6.2 1.3 2.6 5.9 9.3 0.4
286 1123.06 240.72 58.7 0.3 11.7 0.3 19.40.8 1.86 0.661 0.630 84.6 60.5 52 985 86.6 48 5 10 6
FTA 4.09 4.22 2.9 - 1.3 - 1.4 - - 0.0350.056 7.0 4.3 0.3 6.0 2.3 1.9
288 1212.16 260.19 72.9 0.5 16.0 0.3 16.0 0.9 1.80 0.601 0.719 73.6 80.0 3.0 92.0 84.1 6.0 5 16 12
DSA 0.91 1.07 44 - 31 - 1.9 - - 0.0550.046 6.6 1.0 2.4 52 40 1.0
342 0811.90 139.51 345.0 0.6 4.51.636.1 1.2 1.38 0.907 0.129 326.7 139.4 24.8 100.2 84.2 3.4 9 16 11
BPI 0.39 0.3 0.7 - 30 - 30 - - 0.0310.016 0.9 0.2 4.2 3.4 2.8 1.4

x2. RHMBORBEER
T—ADNER NBIER 1 LAKR BHEINE-RNBEDORES (IAUFS(ZHH%), CODE, ShowerName
FZZTUTORYEET S,

|AU CODE ShowerName [AU CODE ShowerName |AU CODE ShowerName

901 NBO nu Bootids 902 ETP eta Pegasids 903 BAR beta Arietids

904 MPR mu Perseids 905 GCP gamma Cepheusids 906 NLY Nov. Lyncids

907 MLE mu Leonids 908 ASX alpha Sexantids 909 NLM Nov. Leonis Minorids
910 LDR lambda Draconids 911 RLE rho Leonids 912 DCL Dec. Leonids

IAU DATE(T) S.Long AcoRP Ea DcoRP Ea VG Ea a e g Peri NODE i Hb He Amag clc MSS M&P
901 0119.74 299.18 206.0 0.8 12.6 0.3 62.8 2.5 2.75 0.691 0.850 221.7 299.8 140.5 111.3 97.6 3.9 8 13 1
NBO 439 429 41 - 271 - 25 - - 0.1660.086 24.6 4.4 49 1.8 52 1.1

902 0808.16 135.40 334.6 0.4 32.7 0.4 34.5 0.9 1.46 0.685 0.460 293.1 134.8 55.1 101.7 88.1 50 6 7 3
ETP 2.82 293 52 - 20 - 1.9 - - 01470067 17.2 3.2 10.9 2.6 83 1.4

903 0808.16 135.38 28.8 0.4 21.9 0.9 65.5 2.8 3.250.728 0.882 226.2 135.0 161.1 111.4 101.5 4.2 6 12 1
BAR 2,20 234 2.6 - 2.1 - 2.2 - - 01350072 14.8 2.1 58 41 47 0.8

904 0812.10 139.64 70.4 0.9 50.0 0.3 54.2 2.6 1.91 0.691 0.592 88.4 139.5 121.3 108.1 99.0 41 5 5 2
MPR 0.56 054 46 - 26 - 3.8 - - 00420099 158 0.4 7.2 3.2 6.2 0.5

905 1117.32 234.99  47.6 10. 79.5 0.8 33.8 1.5 6.12 0.864 0.830 228.9 235.6 51.6 105.1 98.0 4.5 4 4 1
GCP .36 1.31 154 - 50 - 1.4 - - 00580048 7.9 1.2 33 06 22 0.8

906 1120.35 237.92 141.8 0.8 40.0 0.4 60.6 2.0 2.57 0.709 0.748 246.1 237.9 132.5 110.8 98.0 4.2 8 15 1
NLY 3.68 3.81 56 - 3.4 - 37 - - 01440101 18.7 3.8 9.1 42 49 0.9

907 1118.09 235.70 142.4 0.5 29.3 0.2 66.0 2.9 3.31 0.740 0.860 225.2 235.8 153.6 109.7 97.9 3.5 7 31 0
MLE 0.60 074 25 - 26 - 2.2 - - 0.1190.067 13.6 0.7 42 35 45 1.0

908 1119.71 237.37 154.6 0.5 -3.4 0.5 68.8 2.4 16.9 0.947 0.898 325.3 56.6 155.6 116.6 99.7 3.2 6 17 2
ASX 3.60 3.60 3.1 - 20 - 2.3 - - 01910055 11.8 3.4 41 103 1.6 2.0

909 1120.28 237.99 162.2 1.6 33.0 0.2 65.2 1.8 3.83 0.750 0.959 171.0 237.4 138.9 111.8 100.4 3.4 9 29 1
NLM 3.5 3.29 6.4 - 1.4 - 1.6 - - 01190033 2.6 2.7 45 63 42 1.8

910 1118.52 236.07 177.3 7.2 70.4 0.6 41.7 1.4 2.57 0.630 0.953 200.8 236.0 74.8 104.3 87.5 3.9 9 17 2
LDR 0.64 075 121 - 3.6 - 2.6 - - 0156 0.034 13.5 0.7 3.8 9.7 49 1.9

911 1214.31 262.18 155.6 0.5 5.2 0.8 65.6 3.0 3.00 0.771 0.686 72.8 82.2 170.8 112.3 96.0 4.4 12 23 0
RLE .04 102 21 - 27 - 23 - - 0.1170.078 13.2 1.0 48 48 48 0.7

912 1214.42 262.19 155.3 0.4 20.8 0.3 64.1 2.0 3.27 0.835 0.539 270.1 262.3 159.0 109.0 94.9 4.0 19 24 2
DCL 3.20 3.21 3.0 - 3.4 - 22 - - 01020082 11.3 3.3 81 66 55 1.5
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Meteor shower catalog based on 3 770 triangulation analyses of
double-station Image-Intensified video observations over Japan

Yoshihiko Shigeno' and Masa-yuki Yamamoto?

The D-criterion and D’-criterion were used to cross-check against the IAU meteor shower list, 3 770 simultaneous
meteors that we observed between December 1992 and October 2009 by double-station observation with an
image intensifier (II) and for which orbits were determined. As a result, we detected 22 known and 12 unknown
meteor showers. There are 295 showers recorded on the TAU list (as of June 2009), but we were aware that only
a few appear regularly each year. Since an II targets faint meteors with magnitudes as faint as 8, many of the
unknown meteor showers we found were fast, faint meteor showers close to the apex. The number of meteor
showers on the TAU list is so large that it is hard to grasp the full picture. Therefore, in this paper, we made
it easier for the reader to understand by plotting the meteor showers on a star chart. It was important for this
study to accurately show the radiant error. Hence, we introduced and investigated the concept of using error
ellipses for radiants. We recorded the double-station video images and orbital data from the independent II

observations used in the study in catalog form so the data can be used by other researchers.

Received 2011 July 30

1 Introduction

In December 1992, we began double-station video ob-
servation using an image intensifier (II). By October
2009, we had recorded 3770 meteors and produced a
number of observational reports (e.g., Shigeno et al.,
1997; Shigeno & Shigeno, 2004).

In traditional reports, a number of references are
used to cross-check against known meteor showers.
Cook’s list (1971) refers to observational results, such
as those of McCrosky and Posen (1961), listing details
such as the radiants and orbital elements of 58 meteor
showers. This can be considered the classic type of list,
which is from photographic observation. The volume by
Kronk (1988) drew together an extremely large number
of references to describe 119 showers, becoming a true
compilation of meteor showers. Meanwhile, the IMO
Handbook (Rendtel et al., 1995) presents 38 main show-
ers, in addition to explaining observation methods.

Most recently, the IAU Meteor Data Center pub-
lished a list of meteor showers (Jenniskens et al., 2009).
Because there are as many as 295 showers, it is no easy
task to check them against observational results. There-
fore, we began by plotting the radiants obtained from
the 3 770 double-station observations we made, together
with the radiants from the IAU list, on a star chart.
Then, we determined which meteor showers were known
and which were unknown, following a number of lines
of inquiry, which we shall introduce below.

2 Observational equipment

Figure 1 shows a photograph and block diagram of the
equipment used in the observations. The IIs used were
the Hamamatsu Photonics K.K. V3287P and the Delft
High Tech Corporation XX1470. These are referred to

IMeteor Science Seminar 5-6 Kizuki-Sumiyoshi, Kawasaki
City, 211-0021, Japan. Email: cyg@nikon.co. jp

2Kochi University of Technology 185 Miyanokuchi, Tosaya-
mada, Kami, Kochi, 782-8502, Japan.
Email: yamamoto.masa-yuki@kochi-tech.ac.jp

IMO bibcode WGN-401-shigeno-catalog
NASA-ADS bibcode 2012JIMO...40...24S

Object (R
Lens

Macro CCD
Lens

Figure 1 — Video equipment using II and block diagram.

as second-generation IIs and have amplification factors
of approximately 50000. The best observation acqusi-
tion method possible at the time in 1992 involved im-
ages taken with a 410000 pixel CCD, recorded to Hi8
video tape. In 2005, we began recording to PC using
the DV format.

The objective lens was a replaceable type. Our pri-
marily lens was a Canon 85 mm f/1.2, with a 12° x
9° field of view, limiting stellar magnitude of approx-
imately 9.5 and limiting meteor magnitude of approx-
imately 8. The mean measurement error of position
was approximately 70 arc seconds (standard deviation),
and the mean error in calculation of radiants by trian-
gulation was approximately 0.6° (standard deviation).
Around 50 units of our observational equipment were
produced and distributed to observers around Japan.

The main observation sites for the authors group
were at Mount Akagi in Gunma Prefecture, Japan
(139°11’33" E, 36°28'42” N) and Chichibu District in
Saitama Prefecture, Japan (139°06'10” E, 36°05’'56" N),
arranged roughly North-South, with a baseline of
42.9 km. The field of view was narrow, so a star chart
was drawn up, and the field of view set with a precision
of approximately 0.5° in order that the maximum rate
of concurrency could be achieved.
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3 Method of detecting meteor showers

The TAU meteor shower list, which boasts as many as
295 showers, can be considered a compilation of all me-
teor observations to date. Therefore, using this as a ba-
sis, we examined our observation results and identified
the known meteor showers. We then searched out the
as-yet-unknown meteor showers from among any activ-
ities that we suspected might be meteor shower activity
but that did not correspond to any known meteor show-
ers.

3.1 Detection of showers by the D/D’
Criteria

Our basic procedure was to follow the process outlined
in 1-1) to 1-4) below to pick out the meteor showers
from the overall data.

1-1) To detect meteors associated with the objective
meteor showers (orbit elements), we first classi-
fied them using the D-criterion (Southworth &
Hawkins, 1963) and the D’-criterion (Drummond,
1979). Because each of detection based on or-
bital elements can differ, we considered a shower
identified if the detection was made with either
the D-criterion or the D’-criterion. We then used
a screening method to further narrow down the
detected meteors. We will now explain the D-
criterion and D’-criterion in simple terms.

e The D-criterion is a means of investigating
the degree of similarity between two orbital
elements that can be summarized in the form
of equation (1). When it is applied to a large
quantity of raw data, the result is taken to in-
dicate an identified shower when the D value
is 0.2 or lower, based on experience.

D? = (Ae)?4+(Aq)*+(2sin(Ad))*+(2 sin(szij

where Ae is the difference in eccentricity, Agq
the difference in perihelion distance, Ai the
angle between the orbital planes and Aw the
difference between longitudes of perihelia.

e The D’-criterion is an improvement upon the
D-criterion method and is expressed as equa-
tion (2).

D" = (Ae)? 4 (Aq)? + sin(Ai)? +sin(p)?  (2)
where ¢ is the actual angle between the per-
ihelion points.

The points of improvements in the D’-criterion are
as follows.

e Instead of the difference between longitudes
of perihelia, it uses the actual angle between
the perihelion points.

e The formulae used to calculate each of the
four items in the equation has been devised
to ensure that it takes a value between 0 and
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1, thus making them have an equal effect on
the determined value. In the D-criterion, on
the other hand, the difference in eccentric-
ity and the difference in perihelion distance
took values between 0 and 1, while 2 sin(Aq)
and 2sin(Aw) took values between 0 and 2.
The effects on the determined value therefore
differed depending on the item.

e It is common for the D’-criterion to be around
1/2 of the D-criterion; based on experience, a
D’ value of 0.1 or lower has been adopted as
a criteria for an identified shower.

1-2) In determining the mean of a meteor shower, we
used only our video observation data.

1-3) In cases in which the observation stretched over
multiple days and the number of meteors was
large, the mean was determined using the observa-
tion data of the day that had the largest number

of meteors.

1-4) In searching our entire observation data for me-
teors that appeared to have a connection, we re-
ferred to the observational data of McCrosky &
Posen (1961) (hereinafter referred to as M&P
data), from which we determined the number of
meteors thought to be an identified shower. We
learned the following from comparisons between

the two sets.

e M&P data were from photographic observa-
tion made between 1952 and 1954. There-
fore, finding the same shower in our video
observation meant that the shower in ques-
tion had been active for at least 50 years.

e The photographs in M&P data targeted
bright meteors of magnitude 4 and brighter,
while our video observation targeted faint
meteors as faint as roughly magnitude 8. It
is clear that both bright meteors and faint
meteors are observable.

3.2 Method of identifying known me-
teor showers using the TAU list

The problem that we encountered when comparing data
obtained via the process outlined in the previous section
with the IAU list was that the TAU list did not deal
with the orbital elements of meteor showers. Hence, we
adopted the technique outlined in 2-1) to 2-4) below.

2-1) We determined the orbital elements from the solar
longitude of the maximum shower date, radiant
and velocity.

The orbital elements so determined were taken
as parent data, and we searched the observation
dataset using the D-criterion and D’-criterion for
meteors that appeared to be related.

2-2)

2-3) From the meteors found, we determined the day
of observation, and the mean and standard devia-

tion (o) of the radiant. Taking 20 as our criteria,
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we discarded any which were 20 or more from the
mean. We then determined the mean radiant, ve-
locity and orbital elements.

2-4) By following this process, we identified 22 known

meteor showers. As shown in Table 1, these ap-
pear to correspond to meteor showers on the ITAU
list in the range 001 to 342.

3.3 Method of identifying unknown me-
teor showers

We will now discuss the technique we used to identify
the unknown meteor showers that were detected from
our data but that did not correspond to any of the 295
showers on the TAU list according to the comparison of
data described in Section 3.2.

3-1) On the star chart, we plotted the radiants of the
IAU list, our observations and the M&P data,
month by month. The M&P data we received was
a version which Hiroyuki Shioi had organized (Sh-
ioi, 1994, private communication) from the M&P
paper (McCrosky & Posen, 1961).

3-2) We visually searched for clusters of unknown radi-
ants that were not included in the radiants from
the TAU list and determined their approximate
right ascension and declination.

3-3) We picked out the individual meteors which had
radiants close to the determined right ascension
and declination and which had closely matching
velocities. Then, we determined the mean radi-
ant, velocity and orbital elements. 15 showers
were detected using this method.

3-4) The orbital elements so determined were taken as
parent data, and with the method outlined in 2-
2) to 2-3) above for known meteor showers, the
mean radiant, velocity and orbital elements were

determined.

3-5) Even when the radiants were almost the same,
small differences in velocity would lead to orbits
that could differ dramatically. Consequently, 3
showers were excluded, leaving 12. For example,
when the velocity differed by 3% in the case of a
meteor with a radiant close to the apex, the ec-
centricity changed by 0.1, which was outside the
range of the D’-criterion. In the case of video ob-
servation, there is a large error in velocity. There-
fore, making judgments about meteor showers
with high velocities requires caution. The results

are shown in Table 2, using numbers assigned by
TAU from 432 to 443.

4 Evaluation of radiants by error
ellipses

When a meteor shower is identified, it is of the utmost

importance to evaluate the error in the radiants. Hence,

in this report, we used the error ellipses shown in Fig-

ure 2 (Shigeno et al., 2003) to determine the radiant

erTors.
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4.1 Method of determining error ellipses

If the points of observation of the meteor path are taken
as P, P, ..., P,, as shown in Figure 2, then their
errors are as indicated by the ellipses. Here, o1, 09,

.., o, are the errors (standard deviation) which are
orthogonal to the meteor path at each respective point
of observation. In this case, the error which translates
the meteor path parallel o, and the error which inclines
the meteor path o; can be represented by

3)

where z; is the distance (radians) measured along the
meteor path from the mean position of all the measure-
ment points on that meteor path to the i-th measure-
ment point.

On the pole of the great circle along the meteor path,
the error ellipse has size ¢, in the direction facing the
mean measurement point and size oy in the orthogonal
direction. When the same meteor is observed at two
or more points, the pole of the great circle along each
meteor path and its error ellipse can be determined.
When the radiant is determined from multiple poles of
great circles along the meteor path, then it is possible
to determine the error ellipse of the radiant using the
same method as above.

4.2 Extent and error of observed radi-
ants

An example of the error ellipses of radiants obtained
by observation is shown in Figure 3. The small error
ellipses are gathered near the center, while the large
error ellipses are spread out around the outside. It is
clearly evident that the long axes of the error ellipses
are oriented radially outward from the center, and that
the radiants are shifted from the center due to the error.

5 Comparison of radiant distributions

5.1 Distribution and comparison of Ra-
diant

In Figure 4, the month by month radiant distributions
are shown. The Xx’s of left figure indicate radiants we
observed, the +’s indicate radiants from the M&P data,
and the Double circles indicate the apexes. The solid-
lined ellipses (radius 6°) represent the radiants of the
IAU list. 65 of which are defined as the established
meteor shower in the TAU list, are represented using
bold lines.

The right figure represent meteor showers identified
using our observations. The solid-lined ellipses (radius
6°) represent the radiants of known meteor showers.
The dotted-lined ellipses (radius 7°) represent the radi-
ants of unknown meteor showers detected in this study.
The meteors used to determine averages are indicated
by x’s. (Due to the circumferential stretch produced
by projecting a star chart onto a plane, which is propor-
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Figure 2 — (a) Meteor path and measurement points with
errors shown by ellipse. (b) Meteor path and its pole of
great circle. The error translating the meteor path parallel
to itself is labeled o, and the error inclining the meteor path
is labeled 0. (c) The radiant and error ellipse determined
from the pole of the great circles along each of the meteor
paths measured at two points.
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Figure 3 — Distribution of error ellipses of radiants ob-
tained via double-station photographic observation on 2001
November 18. Size of ellipses reduced by 1/s for ease of
viewing.

tional to the distance from the center, these appear as
non-circular ellipses but represent circles with correct
radii).

Circles of radius 6° were used to represent the IAU
list meteor showers because for many such showers al-
most all the results of radiant calculations were dis-
tributed within a circle of 6°. For these known meteor
showers, we have added the meteor shower code. Cir-
cles of radius 7° were used to indicate the radiants of
unknown meteor showers because these had a slightly
wider radiant distribution than the known meteor show-
ers. For the previously unknown meteor showers, the
TAU has assigned numbers from 432 to 443.

The sizes of the x’s on the graph are proportional
to the geocentric velocity (Vg): the faster the Vg, the
larger the x. The sizes of the +’s are similarly propor-
tion to the Vg’s. The influence of the orbital motion of
the earth is reflected by the high velocities of the mete-
ors near the apex and by V¢ decreasing with distance.

5.2 Error in the results of identification
of known meteor showers in Table 1

For each meteor shower, the top row shows the mean
value and the bottom shows the spread of data in terms
of standard deviation. For example, in the case of ra-
diants, the bottom number refers to the spread of radi-
ants in terms of standard deviation. Each column RAg,
Decg and Vg showing mean measurements for the in-
dividual meteors is followed by an Ea column showing
the analytical error incorporated into the measurement.

For example, in the case of Geminids (TAU #004:
GEM), (right ascension, declination) of the radiant are
(11127, 32°8), and the errors are (0°2, 0°1). The
spread of data, shown in the next row, are (1°0, 0°5).
In this case, the spread of radiant data is five times the
measurement and analytical error in our observations
and this clearly represents the spread of the radiants
themselves. Such a trend can similarly be seen in ma-
jor showers (e.g., Perseids, Quadrantids and Geminids).

With the major showers, the accuracy of observation
is very high. This is because the imaging direction was
decided after determining the radiant positions of the
major showers, taking into account the arrangement of
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the two observation points, to allow a range of imag-
ing aligned orthogonal to the radiants. The radiant
directions of the other showers were random, and thus
the accuracy of determining the individual radiants was
lower. The overall accuracy of determining the 3 770 ra-
diants (average error) was approximately 0 °6 (standard
deviation).

Even among the major showers, the Leonids (IAU
#013: LEO) shows a different trend. The mean accu-
racy of the determination of radiants in terms of (right
ascension, declination) is (03, 0°1), and the spread of
the data is (093, 0°1). The fact that the error and the
spread were the same suggests that the spread of the
data was actually smaller than this but could not be
detected due to the error. The Leonids was seen as a
meteor storm in 2001, and its degree of concentration
was high (Shigeno et al., 2003).

5.3 Detection results of the unknown
meteor showers in Table 2

For the data in Table 2, the accuracy of observation is
the same as described above of non-major showers. In
this case, there are no problems in accuracy because the
unknown meteor showers have fewer numbers of mete-
ors and therefore we include longer observational peri-
ods and use wider radiants.

In all of the showers detected, the mean was de-
termined from multiple-year, multiple-day observations.
In actually determining the mean, we used a maximum
range of £6 days for the observation day, and a maxi-
mum of +6° for the radiant. Given the larger number of
observational results used (in order to obtain the same
quality of meteor data), we consider these ranges to be
appropriate.

6 Discussion

1. Asshown in the distribution of radiants (Figure 4),
the radiants of the IAU list are distributed across
the whole sky throughout the year. The radiants
we observed, on the other hand, were confined to
just one area. Asshown above in the identification
of known meteor showers, only 22 such showers
were matched. This result agrees with the report
of SonotaCo, which used the results from 2007 to
2008 to cross-check with the IAU list (SonotaCo,
2009). In SonotaCo’s report, there are 25 known
meteor showers and 13 unknown meteor showers,
which is close to the results of this report. It
seems, therefore, that there may be many sud-

den showers and showers that are uneven in their
yearly arrival time on the TAU list.

. The unknown meteor shower reported by Sono-

taCo as TAU #342: BPI (August Beta-Piscids) is
already registered on the TAU list; we identified it
as a known meteor shower. Of the 13 unknown
meteor showers reported by SonotaCo, this was
the only one corresponding to our observational
results.

. There are many fast meteors close to the apex in

the northern hemisphere in winter (November to
January). This is thought to be due to the fol-
lowing: a) Because the nights are long and the
apex is in the northern hemisphere, the horizon-
tal altitude nearby gets higher early in the morn-
ing, making them easier to observe. b) There were
many fast but faint meteors among those near the
apex, and the II targeted meteors as faint as mag-
nitude 8.

. There is a possibility that the activity of faint

meteors was detected for other unknown meteor
showers. Indeed, we have used the II to perceive
faint Piscids in the past. In visual observation
carried out concurrently, it was not possible to
see these at all (Shigeno & Shioi, 2002).

. Comparing to the M&P data, it is clear that our

method of observation of showers with faint mean
luminosity detects a greater number of meteors
(Tables 1 and 2). There are cases in the M&P data
in which showers were identified from only one
meteor observation, which suggests the showers
with even fainter distributions will be detected in
the future. However, there was no good match
to with any of the TAU data of radiants detected
via radio meteor observation (which is thought to
have perceived faint meteor showers).

. This study was based on the current IAU meteor

shower list of June 2009. However, the number of
meteor showers that have been detected and reg-
istered continues to grow. For example, 12 new
showers have been added by Molau & Rendtel
(2009). Meanwhile, Koseki (2009) has presented
the following problems regarding the break-down
of meteor showers and the increase in number of
small meteor showers. a) The activity of meteor
showers changes yearly, and, with the exception
of the large meteor showers, they are not neces-
sarily observed every year. b) Photographic and

Figure 4 — (following pages) — The month by month radiant distributions are shown. The left figure indicate radiants we
observed, the radiants from the M&P data, and the radiants from the IAU list. The right figure represent meteor showers
identified using our observations. The known and unknown meteor showers are included.

x: Radiants found in this study.
+: Radiants of M&P data.
©®: Apex (position on the 15th of each month).

— The solid-lined ellipses (radius 6°) represent the radiants of known meteor showers. The 295 showers on the current
TAU list of June 2009, Established 65 meteor showers are bold-lined.

— The dotted-lined ellipses (radius 7°) represent the radiants of unknown meteor showers detected in this study. (Due to
the circumferential stretch produced by projecting a star chart onto a plane, which is proportional to the distance from
the center, these appear as non-circular ellipses but represent circles with correct radii).
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radio observations do not always agree regarding
faint meteors. c¢) In the classification of small
meteor showers, there are a number of different
schools of thought, which raises the possibility
that observers may be overinterpreting their re-
sults. Caution is therefore required.

Consequently, Koseki (2009) has stated that fixed names
for meteor showers should be reserved for only the larger
meteors showers. The TAU list fulfills an important role
in this kind of discussion, and we think that the results
of comparison with our data do support this idea.

7 Conclusion

From 1992 through 2009, we carried out sustained
double-station video observation using an I, taking care
to ensure that observations were distributed evenly
throughout the year. From a total of 3770 observed
simultaneous meteors, high-accuracy radiant analysis
was performed, from which we succeeded in creating
a detailed radiant map for each of the regions in Japan
(north latitude 35°) at which observation was possible.
This dataset is useful for evaluating past radiant data,
in particular the IAU list for radiants north of declina-
tion —45°. Through comparison with the 295 showers
on the current TAU list of June 2009, we identified the
22 known meteor showers shown in Table 1 and newly
reported a further 12 unknown ones in Table 2. Com-
pared to the M&P data of about 50 years previous, the
benefit of our IT observation of meteors as faint as mag-
nitude 8 was verified for showers with high (faint) mean
magnitudes.

Appendix. Distribution of
double-station video meteor footage

We converted all 160 Hi8 tapes used for double-station
observation from 1995 to 2005 to DV files. This came
to approximately 6 TB, which is not a very manageable
size. Accordingly, we made files of only the meteors of
magnitude 6 and brighter, discarding the others. In the
files, observations are generally around 3 seconds per
meteor, but meteors with persistent trains take up to
120 seconds. We ended up with a total of 579 meteors,
including those recorded direct to DV format at the ob-
servation points after 2005, coming to 15.6 GB of data.
This dataset can be recorded to DVD-R and distributed
to individuals who desire it. For further details please
refer to the following link: http://meten.net/meteor.
The DV format can be played on almost any application
for viewing video files, such as Media Player or Quick
Time. The file size is large, but image quality is better
than MPEG. Image size is 640 x 480 pixels, and the
frame rate is 29.97 fps.

All meteors have been opened to the public and are
accessible at http://www.imo.net/files/data/msswg/.
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Table 1 — Results of identification of known meteor showers.
All measurements are with respect to Equinox J2000. Those with year indicated under DATE are cases in which the mean has been determined using observational data from the day
with the greatest number of meteors. Those with no year indicated are cases in which an average date has been determined from the observation of multiple years and days. Ag: solar
longitude; RAg and Decg: corrected radiants; Va: geocentric velocity; a, e, ¢, w and €2, i: orbital elements; Hy and He: beginning and end height; Amag: absolute magnitude; clc:
number of meteors used to determine mean; MSS: number of meteors thought to be of the same shower in our observation data; M&P: number of meteors thought to be of the same
shower in M&P data.
Regarding errors: For each meteor shower, the top row indicates the mean values and the bottom row represents the spread of data in terms of standard deviation (Note: these are
not the measurement and analytical errors for the individual meteors). Each column RAg, Decg and Vg showing mean measurements for the individual meteors is followed by an Ea
column showing the analytical error incorporated into the measurement. IAU number, code and shower name for the known meteor showers identified are as follows:

TAU code Shower Name TAU code Shower Name TIAU code  Shower Name TAU code Shower Name

001 CAP  alpha Capricornids 003 STA South. iota Aquariids 004 GEM  Geminids 005 SDA  South. delta Aquariids

007 PER  Perseids 008 ORI Orionids 010 QUA  Quadrantids 013 LEO  Leonids

015 URS  Ursids 016 HYD sigma Hydrids 019 MON  Dec. Monocerotids 028 SOA  South. Oct. delta Arietids

031 ETA  eta Aquariids 032 DLM  Dec. Leonis Minorids 049 LVI lambda Virginids 245 NHD Nov. Hydrids

256 ORN  North. chi Orionids 257 ORS  South. chi Orionids 258 DAR  Dec. alpha Aurigids 286 FTA  omega Taurids

288 DSA  South. Dec. delta Arietids 342 BPI Aug. Beta Piscids

TAU DATE (UT) Ao RAc Ea Decg Ea Ve Ea a e q w Q ) Hy, H. Amag clc MSS M&P
001 19980731.62  128.23 305.0 0.3 —8.7 0.8 20.8 1.1 232 0.728 0.632 264.0 128.2 7.1 98.4 87.1 5.0 7 26 20
CAP +0.02 +0.02 +£1.6 — +1.3 — £08 — —  +£0.022 +£0.026 +3.2 +0.0 0.9 +3.4 +£26 +0.6

003 19980801.65  129.21 340.7 0.2 —-15.6 0.5 38.2 1.2 207 0.952 0.100 148.1 309.2 20.7 101.0 83.5 3.9 6 24 6
STA +0.04 +0.04 +1.0 — +0.8 — #£1.1 — — +£0.009 +£0.005 £0.9 +0.0 2.7 +0.9 +£2.6 +2.3

004 19991212.70  260.22 111.7 0.2 +32.8 0.1 334 1.1 1.27 0.883 0.149 324.1 260.2 22.8 101.6 85.8 4.7 50 242 147
GEM +0.06 +0.06 +1.0 — +0.5 — #£1.1 — — +£0.012 +£0.007 £0.9 +0.1 +1.3 +1.7 +£3.2 +1.6

005 19980801.65 129.22 343.3 0.5 —-158 0.7 386 1.1 1.82 0.953 0.085 151.3  309.2 26.7 99.8  85.9 35 16 34 13
SDA +0.03 +0.03 +14 — +06 — £16 — — +0.012 +£0.007 416 +0.0 +£24 +2.3 £4.2 +1.5

007 19970812.66  140.00 473 0.6 +58.1 0.3 58.8 1.0 10.9 0.913 0.950 150.5 140.0 112.6 119.3 99.0 1.7 20 142 330
PER  +£0.06 +0.06 +1.2 — +06 — £1.0 — — +£0.071 +£0.009 £2.5 +0.0 *1.3 +7.3 +£2.6 +1.9

008 19961021.76  208.68 959 0.8 +158 1.1 66.2 2.0 8.47 0.932 0.574 83.1 28.7 164.1 115.8 99.0 22 16 37 46
ORI +0.06 +0.06 +1.0 — +05 — £14 — — £0.071 +£0.028 +4.7 £0.1 +1.0 +1.5 +£5.0 +0.9

010 19970103.67 283.38 230.1 0.9 +49.7 04 411 09 295 0.668 0.979 172.0 283.4 71.5  105.8 96.3 24 16 33 22
QUA  +0.04 +0.04 £2.1 — +1.2 — £09 — — +£0.037 +£0.004 +3.8 +0.1 +1.4 +2.9 — +1.7

013 20011118.78 236.48 154.3 0.3 +21.5 0.1 706 1.1 9.57 0.897 0.986 174.4 236.5 1625 125.8 92.3 09 35 141 23
LEO +0.03 +0.03 +03 — +0.1 — £08 — — +£0.061 +0.001 +1.2 +0.0 +£0.2 170 +4.3 +3.0

015 20061222.75 270.66 219.2 2.3 4751 0.2 324 1.0 4.19 0.776 0.939 206.3 270.7 52.3 105.7 97.1 46 10 10 3
URS +0.04 +0.04 3.7 — +0.7 — £12 — — +0.054 +0.006 +1.7 +0.0 +£14 +2.1 +£1.1 +0.6

016 1215.25 262.85 130.4 0.3 +1.5 04 57.7 1.0 9.76 0.978 0.217 125.3 82.9 126.8 116.4 94.7 3.2 4 6 5
HYD +£0.83 +0.74 +04 — +08 — £05 — — +£0.007 +£0.007 £0.9 0.7 *£1.5 — +£14 +1.3
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Table 1 — Results of identification of known meteor showers — continued from previous page.

TAU DATE (UT) Ao RA¢ Ea Decg Ea Ve Ea a e q w Q ) Hy, H. Amag cle MSS M&P
019 1212.95 260.51 102.1 0.2 +7.8 0.4 40.1 1.1 7.29 0.973 0.199 128.3 80.3 33.8  103.2 88.8 5.1 4 11 8
MON #£0.59 +0.66 +0.9 — +0.5 —  +£1.6 — —  +0.020 +£0.004 +0.9 +0.5 +1.7 +3.6 +4.9 +1.1
028 19931011.67  198.44 329 14 +9.0 4.9 270 1.1 1.66 0.805 0.323 121.2 18.4 5.0 103.6 90.7 3.6 6 6 33
SOA +0.03 +0.03 +1.4 — +1.6 — +1.7 — —  +0.041 +£0.032 +3.7 +0.0 +1.7 +4.0 +3.4 +1.3
031 19950506.72 45.79 338.1 0.6 —-0.8 0.3 66.0 19 21.7 0.972 0.599 100.1 45.8 162.9 114.4 99- 1.9 5 19 2
ETA +0.02 +0.02 +1.4 — +0.5 —  x0.6 — — £0.026 +0.024 +2.8 +0.0 +1.2 — — +1.7
032 1214.08 261.90 1580 0.4 +33.0 0.3 61.9 1.8 4.80 0.878 0.587 262.3 261.8 133.3 113.9 100.0 4.2 4 7 5
DLM  +£0.51 +0.59 +2.7 — +0.5 —  *1.3 — — £0.081 +£0.027 +3.0 +0.5 +1.0 +1.3 +2.4 +0.3
049 20070414.68 24.24 215.7 0.3 —-6.8 1.3 26.5 0.9 1.50 0.723 0.414 293.7 24.3 7.0 102.8 93.4 5.2 3 3 6
LVI +0.10 +0.10 +3.7 — +3.2 — +4.7 — —  +0.060 +£0.026 +4.1 +0.1 +4.2 +3.5 +3.6 +0.3
245 1118.68 23591 130.0 0.5 —-7.1 1.0 64.5 2.5 7.26 0.877 0.895 36.8 55.8 134.5 113.1 95.7 3.8 5 6 0
NHD +0.35 +0.26 +1.9 — +3.5 —  +£1.9 — —  +0.113  £0.027 +6.2 +0.3 +5.8 +6.2 +5.3 +1.3
256 1212.25 259.96 86.5 0.2 4293 0.1 229 1.1 1.76 0.723 0.487 282.0 259.9 4.9 100.2 90.5 6.1 5 19 23
ORN +0.51 +0.25 +5.5 — +2.1 —  *14 — — #£0.036 +0.064 +9.0 +0.2 +1.8 +2.1 +1.3 +0.8
257 20011211.65  259.65 80.8 0.3 +14.1 0.3 204 1.0 1.97 0.706 0.579 89.5 79.6 6.2 97.2 87.6 6.2 4 29 14
ORS +0.05 +0.05 +4.6 — +5.0 —  %3.0 — — £0.063 +£0.090 #£10.1 +0.0 +3.4 +5.4 +2.6 +0.2
258 1212.87 260.65 83.8 0.4 +35.1 0.2 199 0.8 1.60 0.652 0.559 275.4  260.7 8.1 95.3 82.4 6.5 5 24 6
DAR +1.39 +1.31 +2.0 — +4.0 —  +£2.8 — —  +0.071 +£0.067 +6.2 +1.3 +2.6 +5.9 +9.3 +0.4
286 1123.06 240.72 58.7 0.3 +11.7 0.3 19.4 0.8 1.86 0.661 0.630 84.6 60.5 5.2 98.5 86.6 4.8 5 10 6
FTA +4.09 +4.22 +2.9 — +1.3 — +14 — — +0.035 +£0.056 +7.0 +4.3 +0.3 +6.0 +2.3 +1.9
288 1212.16 260.19 729 05 +16.0 0.3 16.0 0.9 1.80 0.601 0.719 73.6 80.0 3.0 92.0 84.1 6.0 5 16 12
DSA +0.91 +1.07 +4.4 — +3.1 — %19 — — £0.055 +0.046 +6.6 +1.0 +2.4 +5.2 +4.0 +1.0
342 0811.90 139.51 345.0 0.6 +4.5 1.6 36.1 1.2 1.38 0.907 0.129 326.7 1394 24.8 100.2 84.2 3.4 9 16 11
BPI +0.39 +0.35 +0.7 — +3.0 —  %3.0 — — #£0.031 +0.016 +0.9 +0.2 +4.2 +3.4 +2.8 +1.4
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Table 2 — Results of detecting unknown meteor showers.
Data items and details are the same as Table 1. The shower numbers assigned by IAU, CODE and ShowerName for the previously unknown meteor showers detected are defined here
as follows:

IAU code Shower Name TIAU code Shower Name TIAU code Shower Name TIAU code Shower Name

432 NBO nu Bootids 433 ETP  eta Pegasids 434 BAR  beta Arietids 435 MPR  mu Perseids

436 GCP  gamma Cepheids 437 NLY  Nov. Lyncids 438 MLE  mu Leonids 439 ASX  alpha Sextantids

440 NLM  Nov. Leonis Minorids 441 NLD  Nov. lambda Draconids 442 RLE  rho Leonids 443 DCL  Dec. Leonids

TAU DATE (UT) Ao RAc¢ Ea Decg Ea Ve Ea a e q w Q ) Hy, H. Amag cle MSS M&P
432 0119.74 299.18 2060 0.8 4126 0.3 62.8 2.5 275 0.691 0.850 221.7  299.8 140.5 111.3 97.6 3.9 8 13 1
NBO  +4.39 +4.29 +4.1 — +2.7 —  x25 — —  +0.166 £0.086 +24.6 +4.4 +4.9 +1.8 +5.2 +1.1

433 0808.16 135.40 334.6 04 4327 0.4 345 0.9 1.46 0.685 0.460 293.1 134.8 55.1 101.7 88.1 5.0 6 7 3
ETP +2.82 +2.93 +5.2 — +2.0 — %79 — —  +0.147 £0.067 £17.2 +3.2 £10.9 +2.6 +8.3 +1.4

434 0808.16 135.38 288 0.4 +21.9 0.9 65.5 2.8 3.25 0.728 0.882 226.2 135.0 161.1 111.4 101.5 4.2 6 12 1
BAR +2.20 +2.34 +2.6 — +2.7 — 122 — — +0.135 +£0.072 £14.8 +2.1 +5.8 +4.1 +4.7 +0.8

435 0812.10 139.64 70.4 09 +50.0 0.3 542 2.6 191 0.691 0.592 88.4 139.5 121.3 108.1 99.0 4.1 5 5 2
MPR  +£0.56 +0.54 +4.6 — +2.6 —  13.8 — —  +0.042 +£0.099 £15.8 +0.4 +7.2 +3.2 +6.2 +0.5

436 1117.32 234.99 476 10. 4795 0.8 33.8 1.5 6.12 0.864 0.830 228.9 235.6 51.6 105.1 98.0 4.5 4 4 1
GCP +1.36 +1.31 +£154 — +5.0 — %14 — —  +£0.058 £0.048 +7.9 +1.2 +3.3 +0.6 +2.2 +0.8

437 1120.35 237.92 141.8 0.8 +40.0 0.4 60.6 2.0 2.57 0.709 0.748 246.1 237.9 132.5 110.8 98.0 4.2 8 15 1
NLY +3.68 +3.81 +5.6 — +3.4 — 137 — — +0.144 £0.101 +18.7 +3.8 +9.1 +4.2 +4.9 +0.9

438 1118.09 235.70 1424 0.5 +293 0.2 66.0 29 3.31 0.740 0.860 225.2 235.8 153.6  109.7 97.9 3.5 7 31 0
MLE +0.60 +0.74 +2.5 — +2.6 — 122 — — +0.119 +£0.067 £13.6 +0.7 +4.2 +3.5 +4.5 +1.0

439 1119.71 237.37 154.6 0.5 -34 05 68.8 24 169 0.947 0.898 325.3 56.6 155.6 116.6 99.7 3.2 6 17 2
ASX +3.60 +3.60 +3.1 — +2.0 —  +2.3 — — £0.191 +£0.055 £11.8 +3.4 +4.1 £10.3 +1.6 +2.0

440 1120.28 237.99 162.2 1.6 +33.0 0.2 65.2 1.8 3.83 0.750 0.959 171.0 2374 138.9 111.8 1004 3.4 9 29 1
NLM +£3.25 +3.29 +6.4 — +1.4 — =%1.6 — —  +0.119 #£0.033 +20.6 +2.7 +4.5 +6.3 +4.2 +1.8

441 1118.52 236.07 1773 7.2 +704 06 41.7 1.4 257 0.630 0.953  200.8 236.0 74.8  104.3 87.5 3.9 9 17 2
NLD +0.64 +0.75 +£12.1 — +3.6 — £26 — —  +0.156 £0.034 +13.5 +0.7 +3.8 +9.7 +4.9 +1.9

442 1214.31 262.18 155.6 0.5 +5.2 0.8 65.6 3.0 3.00 0.771 0.686 72.8 82.2 170.8 112.3 96.0 4.4 12 23 0
RLE +1.04 +1.02 +2.1 — +2.7 — %23 — — +0.117 +£0.078 £13.2 +1.0 +4.8 +4.8 +4.8 +0.7

443 1214.42 262.19 155.3 04 4208 0.3 64.1 2.0 3.27 0.835 0.539 270.1  262.3 159.0 109.0 94.9 4.0 19 24 2
DCL +3.20 +3.21 +3.0 — +3.4 — 122 — — +0.102 +£0.082 £11.3 +3.3 +8.1 +6.6 +5.5 +1.5
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WEAE, 17212 TAU U A MBI S 7=t 2 BEIC ZCS(C-Cassiopeiids) 23 d 5, IAU D U A Tk, R"—7 K
DBHIFICE > TRWESENREZLDEESNTEY, WON B Sk b 0BHEINFE LIS TWD [EE
1], ZOWERET, HATH 2005 FICFHEELE ooz [BE2] bOTHD, BRELXZIRVIED | DTk
U AREL ORIRICOWV TG 5,

2. RILEOREDYEAEE

ANBHTIE RO F DR SN D E WD HERUED FICFEREMOEH ZHR L T\ D [ER 3], =
DOHEFITZ K DIREHTIZTR LR D LY  ~bt U AFEOHHNEIZ O\ TIT T ARIIEE DL LA b
Lo Fio, MEIZAULE T ABOIREBN D b, ZOHRENZ L THDH I L EEMTTND (IMO DNy
R7 w7 CHIFENEL 7 A TAICAEED L WO 77 7R BHiShTnD),

I (MSS, 2005) 1%, 7 HHRAOFRETRSE & ~ULt v ARED TIHEHR SOSMA TN D 2 & 24 L
TWD, ZNHLDZ &b, HARIZEWT 7 A DREFFEHI Lt U AFETIERW, JIFEOLDOTH D L
VEZXFTININE -7,

3. ALARTHEHOIEH

L T AREE[FIRE, D UVIEHEAT LT AT HENEEN T 5 &0 ) IREBINZA S bt Tnd, Lo
L. 8 HH® I AT R IXTFE VLB Y AREE ORI &b D, —J7, 7T AFRIOBLINEZ < 72,
HY#IZEBITDH, TAZRE YT, 7L F o UOHREIIAEIRY BT HEICE 56D EALTINTHA
O[B4l 7L F =X T AT OGBS LTAEIIRY L2 mERFEE LD &b
REHTITHTWAHEN, TeLA, IHYHE Ta-Cassiopeiids & LTV b DD T ZCS 1TV,

4 . (¢-Cassiopeiids M ER Al

SonotaCo 1 ~ OB K 0 EEET 5340 (A-As,B) & KFGE#E T 1 B Z &I X Y] > TA-As=280,=+40 % H1.0:T
i< &~k o ABEOWIEIESE) & (-Cassiopeiids DIFEN & ZMEICXTHZ 08 TcEx 5 [X1],

2005 AEIZ UL AREOYIIIESI 2 | & LC, NMS Az RbE= 2 Lidaidomv Th o8, [ UE
WZR—=F 2 FOBIFEIZ L > T 285 HEL &L LTIRA DI TWZ Z & ITBIBRZEN,

1 £ OIRMEE I O FFk(Denning, Hoffmeister, AMS, NMS) Cik, 72 < & HIEFRiEEIFER I Ty
(2], F£7z, kkx 2BEEDHRE LT GE - BB X2 MEHR THHEEICHE YT b 0IER 67
U (1950 FERZ L & T2 BFEBINCIE, 206 LEMENTLEHIN TN D Z LITHEFOFREMOEY Th D,
Fo, M2I2BW Tk ORLEMEMNRT LU F o UDERT L (h AT ThHM, EHHR DTN
[ZAs>120 & 72> TWND), MERHEERIORF & LT, EFORIITFEL DRV ET LD EBZZ HND,

5. HHEOTRILEIDRBEQWEAFEEIC DT

8 HIZ A > TO~ULE 7 ZAREOTRS ST, 1FIFA-As=283, p=+38 T EDNMEZ HDTW\D, LinL, 7TAKEK
DOFEH FITA-As=281, B=+41 D HT=V IZdH > T, MPIZ T T\ 5 [[M2], Denning 2HRFEBLHNC L > Tk
T ES S E) & BRI X o T Whipple 23RO 72 ST i EN Y 7 H R TEDPKRE <7225 D1d GEBIA R
KMOBRAIER LT bDIZR o TNHTed B2 b5, THARNDL 8 AIZMT T, ~bt U AFEOHEEIC
I SNDEDR DD, SHEDHREFRETH D,
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The new July meteor shower

Przemystaw Zolz;.dek1 and Mariusz Wisniewski 2
WGN, the Journal of the IMO 40:6 (2012), 189-194.

RN—T 2 RTCIEL, 1996 LI, A—F » REE - JiREBH 7 L — 71T Ko TR S OB FESETTHIT
B, 7T AOWRERIIIKBRAIS TS, 2002 FLUREIET A, FHE, BROBIHIGITHOA TS, 2005
FOEEIITTA 1 BPD 15 BETHEMS, %< OB ITREEIZ £ L7z, AR&E#%O 7 A 14/15 A
ICIRRBLIE 28T L0 b2 < O WREZEE Lz, ET AW ATICE > TELNZIEIRKRDED
Designation mag O Oy Vieo q e i ) Q Hyeg Heng
20050714PFN231115 -2 7.8 451 552 1.002 0569 11246 1639 112519 111 92
20050714PFN232601 -4 23 516 56.1 0.994 0906 10554 162.55 112.525 105 93
20050714PFN235506 +2 59 490 564 1.003 0835 108.10 16623 112.548 102 93
20050715PFNO11103 -6 3.4  51.1 587 1.007 1.136 106.57 169.78 112.598 114 85

SonotaCo % K@ 2007-09 D7 — & HARFI L2, TRED =D TH A H D, ZORIZET 2 mEITIFE
Ao ED 2009 FEDHDTH - 72,

New shower in Cassiopeia

Damir Segonl, Zeljko Andr\ﬂ:ic'2 , Korado Korlevic'3, Peter Gural4, Filip Novoselniks, Denis
Vida® and Ivica Skoki¢”

WGN, the Journal of the IMO 40:6 (2012), 195-200.
7 a7 F7 T 2007 FEBIREBHIR v RANEEIZBALA L. 2007 FFI2IX 1211 HOBLENS Bz, 20
HNHRD 13 HOMEITH LWRERIZET 2D TH D,
ID A© Mabs o I Vg q e Q 0} i Dsu
67 112897 34 606 5075  57.29 0.999 0961 1129 1647 1072 0.02
101 114.018 09  7.67 5193 5741 0.995 0.996 1140 1634 106.6 0.04
61  112.109 53 468 5072  56.78 1.000 0939 112.1 1652 1063 0.05
87 113932 —-47 740 5179  56.59 0996 0928 1139 1632 106.1 0.06
77 113.095 05 672 51.10 5822 0.997  1.044 113.1 1644 107.7 0.07
65  112.144 -48 289 5153  55.89 1.004 0922 1121 167.0 1042 0.09
78 113.846 02 971 5131 57.34 0987 0947 113.8 160.0 107.9 0.09
112 114821 —09 802 5165 56.11 0997 0.872 1148 163.6 1062 0.11
32 110075 2.5 265 4922  58.79 1.003  1.078 110.1 1672 1084 0.13
73 113.006 04  3.82 5013 5528 1.007  0.801 113.0 1682 1057 0.19
57 112.068 —-04 871 4970  55.66 0981 0773 1121 157.0 107.9 0.24
95 113.973 12 9.00 4261 5958 1.011 0785 1140 171.0 1194 0.30
102 114.019 1.0 785 5041  61.40 1.001 1271 1140 166.7 1109 0.30
ZD% B 2010 FFF TORIMIT, BF ZCS BB SN TN D, Dey<0.15 DSR2 7= T 2 I13H 5T 25 &
& 78572, SonotaCo > kT 2007-09 FFIZEIH| S 4172 ZCS OHLEIEL, [F U544 T 30 fEld - 7z,
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10/11 A HFMED TOALE L HESNDMENTE L, 2, S HO-LB & ESBRRH LD TL &
24, WH RBEINZIIRIED D X5 T2, HEBOEBAEM TES —~Eihs 2 (D] XoI2Hz
HBHTDREL LANTT, HIZ, BN DV OT, FEHIREL S LAVEREAN,

TH11H 25W5 3% &V EERE

2005/07/12 (!k) 12:59[nms 23831] Re: ~/LE#f NMSFEHR 712 ®EHFH4E

ZZDEZANMSFEHNHLNOT, D LEFEY LT 570, RIHER I ADOEZIAAIZ, OIS
VALET, v AFXF—& KRB REREOHED A M D, EHABE) - HEZBE L Tk U AR
HLWHLDEE Y77 v 7 T5LR1IDEIITRY ET, W o &

By 7Ty T OB G H Y A, L, BREZEK EICTey NLTHRD L, oA
AT VEOFEM 2~ T R Do THEATOSEFR LS00 £9, 2 L TIiUI~rt v 2AICE
WRWEBBFICHEEZFRBIRD E T,

EE IO T EAMICTTN, LU AREHI T A S HSHLWWIBIEE DA~ LT LTz,
B, ey RFIS 0 ESTET X!

2005/07/30 (1) 20:16[nms 23870] /L& BEDIEEREFENZ ST NMSFH#H 7./30 < #EA
——— &P AR EI A,
AWtﬁ@@@ﬁﬁ_wawﬁﬁﬁﬁﬂLﬁofwiﬁ%%%#Kﬁ%ﬁ@@kﬁow(%iéﬁéﬁﬁ
WT = TR, RIEHEIISHEODT LS & @HSHIZEI &) LTws ko TRice £9, A 7 H
HFA~ TR E & _«/VEEWDOE IMMEBELZNLS OB R TS LR ABEH 2 EHIH D Lli L 72< £
N LWVMIEIZKDLZDTH L LEED o » EIXESOTTR, RITVETHIARRRIZ7T H a2 hLE L
7B OHER-CHES I BICE EED ORVIRENR E S LTHRIZRDHDTY, £2C, 7HHH~T4H
DA F T AR R o DR EREEI 2 — DO OMER & U CThHEE L BV, MK, SR S ALE
R RBEAZNT) . e~V EREE ORBRREZER L TWITIEWVDO TIZRNTL X 99y
TLrF2TDOY A ROFIZNOI0 : B AXTRHENIORH Y £, HBLHIFIX 7/14-8/15 &£ 72> T\
FINFEIMT & TEIR8) ERMENTVET, EWoDYL, ZhalRT25HBETSEHH-> T, ThEh
UTFDOEITmoTVET,

——— W% BEEE

IHEIRI33 % 5 < Denning(1899)72 E DIRFBINIC S & S IHRDOWEM I # 0 V2 Ei# LI bOTL &k
Ve Flo. KESPKEEDHE Y L <220 M&P(1961) &9 DIFEUC2 0 £, MH A0 XE v ixbEn %
L7,

2005/10/17 (H) 19:31[nms 24188] # 1 1 1 EREM#HE I F—HiE 3. THDO LY T ARE(EBH )

HBE, TVORRENN AN 7 ADES SN, ey AL B boiE2sHE LT Lz, 7H
S HNIMIDMHBLIE o7, T SEBE A2 A5 L, TH2 SHATEBE TRELSHEIBEL-STVD, qT7 Py
A MA Y MEO TR R LT 2 & 7H 2 3 HLURRITBIFE R & i —% L Tna23, 7TH23H
PIENIRELS TN TWb, 7H 2 3 HLUHEIO#E L, Brown&Jones @ 1 0 FEMOHLEY I 2L — a3 U &
RTbH, —EnAARY, EHABEOMGEEEZBZE T S2L7H 23 HAKZE BICHERIT
109P/Swift-Tuttle Td» 5 9 2%, BEN & D K 5 2L 2R 7= DR T 220,

A . Z ORI OB A KT THHZ OS2 R oD b kT,

KEFE . v 7D1960FETADiMLEemiled I ARTREEFEATNDN, 7o~ ULt U XL D7
WODBE N Do T2,
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1.l ZLwic

NM S [FAl# EC [~ v ZAEREFOYIINED) PEEEIC SN TN 0EHHR, BOBEBERERL T
ALt 7 A PER R T DR 2R L L 9 LBV o7z, U FIZEE B E BT 12k D 5 O DR % Fit
L2 D THY, 4RV TUINTNLIMESHICBVWTHERLZLOTH D, 23, LLF TIEToMED
FE. 1950.0 538 EHNTW D,

[ 1] On the Perseid meteor stream, 1972, & 1 3 Bl B =ik

[2] ~bbB U REREFEZOWT (B 2%) ,1976, 5 1 7 Rt ESE

[3] ~VLbty REFFEFEOEETRIZOWTO/NEEE1982, 5 2 3 Bt E S

(4] ~t o ZAPEFRERED HEBLRM, 1980, KA, 61,203-209, 234-237

[5] WMEMOHEREIZET 5 —E%, 1975, 5 1 6 Fi 2%
2. IEEHIM S ISBOME

/NBE H AT 1945 4ELARE O RRAEBLHI & KGR L & ZHR & ORICIROBREZH{ TS [4], 2o
AT DL 7 H 20 HURIOIEB XXX 0 TH D EHEIND,

FAHT  logZHR=-0.936+0.272(L-130) (TONTEREI] logZHR=-4.412+0.655(L-130)
A% logZHR=3.862-0.241(L-130) (TONER logZHR=6.516-0.514(L-130)

o, DEIEA IV T RPEREFEOHIED D IROETEICESNT, HBEEAZTFHIL TS [5],
(OHIEREOE B Z7mIESHH S —E Th 2,
Q)HIERBIE & 2T D IEPIE L BKRRE D (FH) WUl & O &0 B ZE(LT 5,
BB O | A 15 BEL F 72T FHIHLE & OBELFEO e 73 0.05 LLEIZ7 5 & HIBLEUI MRS O
1/10 & 72 % : N=Ng*exp(-(5sin|l[+30|d|)?)
GBKIFIZIS T D& 7 RAJEFRERED ZHR(=N) % 60 &35,
L 110 115 120 125 130 135 140 145 150 155
N 00 01 04 25 140 438 576 218 20 0.
o RETITEL TIEEN T /N A R
MEIFERREZ S VAT —AR—F 0 ZADOD —HEIC LD B L~k U ZAEGRERE O TIX
WO/NREFENFB L CW D alREMEZFER L [21,
Cassiopeids(N=28)
a=6, 5~t51,e=1.05, g=1.01, &=165, i=108, 2=113(Jul.10~27)
HE4, (N=8)
=43, 6=+38, e=0.94, q=0.95, w=155, i=143, 2=133(Jul.12~Aug.30)
o-Perseids(N=9)
o=41, 5t54,e=0.97, ¢=1.01, «=190, i=119, £2=149(Aug.14~Aug.30)
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BARREHARSE /MEIER
R LVWIBEREDLIRERTHELNTNDEON, EIE®RTH S, HEMTEOEEZ Lo
MEEBOES] LWIH T TIE, EEAHSTH D, BUIHIECZL > T, A ONDMEBZITNRY DEN
MbDHZLuEAREIFT—ThiTE 7o, BEMICIE, BINEEENTEICE - T, AR LHES
NTVONFIZEVDR S DL Z LBl T 20EN DD, AR TIE, ZOBENMIONWTELZ L, BRI ik
B CTEDEIREBENDHDLDNERT,

1. NREH] O BREMNFL-FEICLLEE
(L)IRAEBLA
Denning
TR IS DL 25— USRI 2557, B ROFENMERZ DO b D, ~bt U ABEZERN T, &
WROMETFERZBLTEHELTWD EEZ BTV,
Olivier
IRARBLINC & 2 B s E ORI 242, NMS & Z OfiiL 2K LT 5, 1 ANOBIHIFEIZ K> T4k
FILAPIZBI STz 4 UL EOFRENER 2 LN TRZET 5] Fx4 ThH D,
Hoffmeister
TR 2 WER LT A8 OBECHET 2, ZOFEFBETSH, 3—r vy FETThATWLET
ABW, £, HF X OEEBM CMOR THHWHNTWD [BEEEHL)].
(2) G- ELELH
McCrosky & Posen
TR R 2 SR EE O BEINCEEA L THIE, BERORERIZ DWW TSN KON Y (591) 2 5-10 ETh
HZ &, o, HELSEITHET D,
Southworth & Hawkins
HE ORERUEIZ X D HEZIRET 5 Dspyo D<0.2 B—IGDHNEL b, D%, Drummond (2 L 5k R
Do 23T 7=, BIAETH Doy DVA N BTV D,
Lindblad
RN 2o 2B IET D 7201 Dgy<0.80 X NA(-1/4) 95 Z & A4 L7=28, BLHIKS EE o RE)N
oY BHBRIE Z FF O~ vt U ARE, AU A RN BES LTz,
Q)R
Nilsson
B EE ORI | Doy FIE X BRI M & TiEAewn & LT, B ORHEL R E, {1/a)=0.15, £=0.07,
A=T7, W=7
Kashcheyev & Lebedinets
o HBNFEEAZBE LT, Dsy &b Nilsson & & H2 55 EH D 2 B O FEAEZHH,
()BLHEAR(5~10 H) DO BLIEE G A HE TR (10km/s) L 7= KIZFAA LT, [RERE) O PR EFEER
D,
(D)IE Z R DD F-EIE & OF A, BUIEES R. BUHIEHE 2 D OHEERRAEN DO b D 2 R A & 78
b5, ®<2oe, d<2ai, N<200, Sw<2cw-----ce,, |FTBIFAFE ) b HEE S 5 8LE DR FiFH
Sekanina
D HIE D BN D BAERE D AN —EDEETTND &L EMEHOFELZRE [(ZEERQ2)],



CMOR
O HBUNEE 2B L C, WLl Tl <. BRAT A & HEE OBLRINE AR5 B D & E

@E Y A b

Terentjeva
GEBIH & ARG 2 [FE 9 5121E, A ROALE, R, BRI TR, I\ A OmE L BIR, BH)
T 2 O FFEITINZ T, BB R OREK ETOMEGBET H0NENH D, T HHEEE & B A ZE
U723 W 2R FIciid Le (DNRERE TLoR),

Cook
Nilsson £ CTOBEMBI 2 GOV A M EHREL TS, BARNRREREIRINTOHRNA, RO X
INTHRTWD, TFEBINCEZD 6 SORE, BHRFCES, BERELAOLNTE LT, (10 )ik
LTEHL TS S k%%;éhfw&w(5?@@@%@@@%%%;%&6# B g 5 R AN HBL
THZENRITIUL, ZRODOREXY A MO SNDLZ &Il AH, EZHE LTI, ZOU A MIH LY
HbOEMALHED H, HIFRT 2P RYEEBZZTND, 6 HDZ LHEO L D EE?E%E/HIT%%# IR 5
NDHEWVWIFMEBZTZZE, HBANREELMESTONLEIRETH D)

N: |
7?X5~%ﬁﬁidtrﬁEﬁJkbf“%éhfwéﬁﬂi@%‘% Fio, BEWRENDO [
B O Z1T > T D, FEARMIZIE, Depy HIEIZ L 2 <HHBE> it ORI L Z2 /S (B he A RiE)
SH T, PHHLEIZ L D Dun<0.15 ZHITEFRLHE L LT D,

IAU/Jenniskens
B A ORIEFEEIT R S TOZR0Y,

2. GUMBDORAA

y-Ursae Minorids(GUM)IZ DWW CIE, 5 124 B 2H it I F—Civ Tl v | AENEInZ2 Y LiF b
GUM X CMOR OERBIHNC L > TRWZSNIHETH 5,
(GUM (2B 2% FEAF 4

[IAUMDC (245 s iz 7 —# ]
No. RA Dec Ls L-Ls B Vg e q i ® Q
404 231.8 66.8 299 222.5 75.1 31.80 0.772 0.9593 51.1 199.54 299

GUM  gamma Ursae Minorids(References:Brown et al. 2009)

Z OWUEER I VIRERE L TUIRO B OB H 5, 5 RDENEEGR LT D=023 TH5H (LLFHE

FRICATE TIE 0 S OEWNIZOWTEE L2,

No. RA Dec Ls L-Ls B Vg e q i ® Q
T3-11 237 62 293 249.2 75.2 36.4 0.78 0.98 57 189 293
TLUF2UNTIC LTV DLFEEBEITIRO D TH D,
No. RA Dec Ls L-Ls B Vg e q i ® Q
H1-6112 237 62 293 249.2 75.2 34.5 0.78 0.98 57 189 293
EJR ?VV%:UiTX&fﬁ4V?’i5fmﬁﬁ®ﬁ§%%5ﬁ$UXFJ®Mﬁ%kﬁﬁbfw
LI, ZHUL T = 702 ua e BB m LT b D E BN, T = 7 OIS ERIZKRDO D& D,
180.n—Dracon|ds.
No. RA Dec B BIE T2
1 241 +63 Jan.1-15,'72 D.MA. 6

2 244 +64 Jan.16  S.Z.
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y-Ursae Minorids DIEEIAR /N 7 75 o R & il U CIXBIRRETdH 5 0051 5, GUM DFLFE S kA +

30 EEA S/~ HUEEFEICH LT D03 DEMICHTITESL HERE 2RT,

0=269 (y-Ursae Minorids X ¥ -30)

No. RA Dec Ls L-Ls B

LE-47 2324 653 2825 2448 7438
LE-778 202.7 73.2 259.1 2347 673
LE-793 2304 73.1 2503 2373 752
LE-801 2572 75.2 2572 2127 804
S1-11 2232 6138 2809 250.2 69.6
T2-249 2748 718 269.6 1646 845

Vg

33.8
38.6
31.9
31.1
37.6
26.1

e
0.64
0.77
0.58
0.78
0.761
0.678

q
0.97

0.93
0.97
0.97
0.968
0.979

|
53.4
61.3
50.4
46.0
63
37.3

) Q

1936 2825
2085  259.1
198.1  259.3
1940 2572
1947 2809
1885  269.6

ZDH B, S1-11 & T2-249 1 IFEEHITFNF 4. December Ursids (Z <E#f). o-Drads & LT\ 5,
0=299 (y-Ursae Minorids & [ L) ---T3-11 LI IE 22

0=329 (y-Ursae Minorids L 9 +30) 3%+ AiER T2V

ZOZENSG, GUM IZHEEL L 7-H0E 2 b oMM ERENT, GUM X0 FDEFIICZ VWA, EL DL
NoTIKTTDHZENbnD, S1-11 OBHIN TZ<ERE SEFEVEEN X D, 2O, Z oEkoOE

TEENIIEE) L~V O RY 7R ZEBY 72 D7),

[ERE] OIFENV2ONEHET D Z LA S TlEZev, GUM D

BN Ny 7 770 P bOTHL 00, BIHFEN, BIHDTEIC L D HEIC L > TREL SBETT 5,

QYBAEAR - B 5k

MPRERE] OIEEZPLBEE RO L - THE
9% JiiE(Sekanina) b & 5 23, iR ERED R RN ERE
WL > TITbNEbDOTHHZ L L EE LT,
SR E WS IR HEE WD Z LT b,
TR R OB & 1ZIETHE L THEBI ORI 2 e 3
DITIE, (L-Ls, B) & W 5 FERE R & WD BRI TH 5,
B 5, CMOR IZOWTEB O E#IE 1T AFR
ENTWARNWO T, SonotaCo 1 v T X DEES S
i T, GUM DAL #7893 5, SonotaCo v K THl
#(2007-2011 FF) S 7=FED H B, GUM DIEEh A
& D Ls=294~304 Difii 2 % (L-Ls, B)DJEEAE FIZF
LTWb, 20955, Dsp<0.3 & 7225 HRIZ OV TIE
Dsy<0.1, 0.1<Dsp<0.2, 0.2<Ds1<0.3 ® 3 EEPEIZ 53 1) C
MoKk& EE2EZT05D, L-Ls=220, B=75 fHiL D
H1725 GUM IZRHE#T 2 FIREMED & HHEST A TH 5.
SonotaCo % v kDRI OWTEE L < IFZ%iRdT 5,
(a) AR 8L

Denning, AMS(Olivier), Hoffmeister, OAA-NMS D#i
HIIX 1800 A% e | 1970 A E TOBIM 2 & A
TV, MK ETA4FEOBIMZEATER LTS
By WFRIZ LTS, BB AROERITR LR,
SEIZ Denning DU A MZOWTHNLTZ2S, £D KD
PR B 72BN IAFAE T DI KL Mk nIc Bl S
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NTWAERFIIR LN, UL, Eicsn X
2T, BRI 72 5 1% E i ETRE MK 72
% 2 EIXIRMEBL S R TN S,

(b) = B

IN—R— R T{Th L7z 1961-65 4F, 1968-69 4D 2
[ OB X D R EBETH, N A
VR £ 5 2ERIKTlE, GUM DIFEIRRD Hivd
X2 b A5, GUM Dl SN E 2 i & -
T, B S JERT D & | BEE AE B A (R
R D KEHMR) Zm s> THEML TV D K728
HLMNTHDH, £72. GUM ITITWELEZ H DFt 2D
Db ZEOEMCHE LTS E bR LD, K
ST R FS=1AY IR
()5 E&IH

PREDOKRAT 1950 HERICBl SNt D THY |
D7p < EHIRHBNZ DV ITHD WRENIRTH D,
S HIE. GUM DIFENTZE D Hi7auy,

(d) &7 A&

SonotaCo + v FO#EMZHNTWDHD T, #BHIE
2007-2011 4, x5 & 72 IR EIXEEBH & 1ZIEHE U
W CTH D,

FEIlTAN ANVBIEIZ L D5 &R LT2hs, (8)~(c)
(2T, 2EROFEEET T T2 < GUM 8L OBF
SN, BB R RS AR OB A RE L
HRETT %,

IAUMDC(CMOR)IZ X 2HEH R L 0 A i<
TN D08, ERH R OEFRRHARICALND, £,
RS R 2 BLIARIZ & - T JR(2007). #5(2008). ok
(2009), ¥ 75(2010), 7 (2011) & XA L TV 5 A3,
Z OHEFIEIH ST 2010-11 FOBIZ L DL DT
H5,

GUM na—nr v o7 @I TR b b
HMEOLNT=ON20104FED - L THY [BEEEN3)].
SonotaCo > N CHEDIEFFZIRZ TVt EF XD,

. &E

IREL, BE. /o, YIHOERBIZHBV\T GUM
DIEENNHER CEX 22 LR SN D, /N2
DIFB L~V e BT 2B E L, EBE Rt T
Bmholt W REELHVED, L, EiZR

Denning ® U A MZEHAABLIO X 5 IC R Z2BIINIEAFAELTH,

SNDZ LT RnoTe b EAD,
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AR R
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CMOR O#EIHNZ BT § 2001-6 FE OB Ao Fs  emoroon

WCIEER® B3, 2001-8 FEDOBIMNCHEIE, F7-. oror a2
B FEEZRB LEbOTHERBEN TV D, I — o

= ‘Y/\OO)*IIEEYEU 25 2010 EVC‘&) n . SonotaCo * D ) ©2009_0.1<D<0.2 . . 10 ° s

©2009_0.2<D<0.3 . °© °

BN 2010 FELIETH D Z L 1Z GUM OIEEhANITAE  ewosa . . o°

ICBNTIEIRAL LT, 7B Bs L b0 & §E§E ' °o I

ERTENTHE S, e e

JEAEIZH T IRBUE T GUM IR T & Tudp = % P ogte Tl e Ty

W, E7o, 1950 EROGEBHNSEZX THIREB 7.7 o EO ;;o%%'a O
. @ ° o

HICHT 2 BT HR<L ThAHH LEZBNRD, | - " % w o o
72, SonotaCo & v FOWMEMMNLEZTH, ©F - . et '
FEINCF1T 5 HBEE DR<LARE (1 B 1 {ELLT) e '
ChBY, SEV. WHNKEORKIESREEL L, . oo
BB, —H. A=A ROBERENTIE, S0l L .. " o " GUM(SonotaCa)
o b B B R S EREAEET S T, M '

IZBWTEH GUM DTFENAHT 2 OFEIIC W TIEER D b ATREMEILH 5,

BIFE(2010-11 FF) 2B W\ TS, B, BT A OMEKIZHE VT GUM OFERRD bID & LT, FUL,
FIZBWT, H5WIEMOBHNE TIEIDAHRE TE D LW D 2 L TiERY,

4. #EEE
MEDEE AR TEARERILIL4O>THD
DHBLAKE, 2,3)E4 RO FERE (a, d), 4)3E,
INEPUBERICEWT 2L 5 5H5 L 91CH 2D ¢
D)FBE R PERE, 2)iL B RSB )WuEMRE . 4)BELE, 5)UT H A EREE
WNZHELEER T R 2 ERT D ENHNNTH L2 0O X IICAZ DM, mEIEE -2 A%
BB HAZ Do TS, HES/NKREIZEOBRREEN 2WiREOHLEIZB W T, — A, RPN Ebi
DRIE DTFERHEHTHDHEHENREZ, EBEIZIZ, Ny 7 7700 ROMRLEFHEDEISE VD WGERE
<. HEBLAR, RN EOMELZT THET D2 Z L HRICHRETH L, ARTIEZD2> (IELLIE3D) T
ZEELTZD, ADHEREEL TWDHZERHLNTH D, DF 0, IREBN (R THohd7T—# Tt
3 Cd %, Cook A3'working list’ OH Tl _TW 5 X 51z, THRAEMN CREGIICTEEI A MERE SN D | 2 &2 TR
Bt CLTRESNDIEHTEEE D,
OO THROERTH DN, RER) OR 2 FITBHEFENR, BUNEIC L > TR s, BifE, <F—0>
MER) & LTHELN T ABIIAFE—ERZ S 2bDTH D &I REEIEL A, B - 8L IEIC X
HEBN D REFHOER] D2 L2k LT, BllE RO LN END D,
[ RAE) O W2 ITBHIARER, BUITEIC Ko TR T 5, A F TRATWE RER BR300
—J5T, LW GRERE BARX D515,
ARROIERRZ RERH CRET L, EFEFTH D,



5. 3E&EHN

(2)Dsy D BAE AT X D FREREDHE : 1961-65 4FE D BIRBLANC I 2 U4 RERE

log N
Searching:
2(0uadrantids)
4| 3.88867

[

=

QtEMEE I T —DRENLLSIH
BB L AMEDR XS : 11 E£CCD
NGNS
y-Ursae Minorids
RI-UT, BB TR S 2R IRBLE
BTN E N G50 Fio, IEBINEREAR D O
EFHHRSON, L08R EE SIS, b
HA A, BB & ©T BN R LTRE S
52 b OLOKAED M E T 5, Space weather watch -
LW A M SN CE RS 5,
The shower has attracted attention before. It

was discovered by Peter Brown and coworkers at the
University of Western Ontario, who have recorded gamma Ursae Minorid echoes for the past five years using the
Canadian Meteor Orbit Radar (CMOR). But until now, the meteors were invisibly faint. According to Jenniskens, 2010

marks the first bright outburst that could be seen with the unaided eye.



REHORZA 11 EREA
2013/10/7
BAREAES
INBE IETG

(IZLoIZ)

ZORFIX, BIEIOMS SO NEEFOEER], MESED MEORZ | IZH DO TH D, <jtk
B> LWV ) MEEM R ERIIGET T, BT, MEEICIVZENETNOERDIHNLN TR, 221213 <
FB>OADEHPIEFICRENT EZBRM L CE 72, £, BB S0 o/NE2 A2 F & LT, 2
BHORZFHH, BIFE, BHERICL > TRRLZEEZTR LT,

ARETIEH, T 1T EVWIBUFENER - © 7 4 L3R 2 0EEROME I 2 TV, miish s <k
H>LREHLLOTHDH L ERT, OO, EHENRFERL TWVWDH 12 O <FRERE > DM OB TFBLIZ
Lo TEDIIITHABNTWD D, £, BUIFRIZE > TEWEH D D0 E /KRG 5,

(1 1 THRESNT=12EOBE)
EHFICL > THESN TS 1 2HOERLZRT, 2D OEFSOM-LAs, p)ETLE LT, ohs D 25D
I AL GE, BT AMEOBISB IO, MEMZTRLEZLONEL -1 2KTHD, 7B, 'NAS' TS

WTII#BIR T 2,
FIRIAUICEHRIN-EEHH
1AU AS oS o ) A—AS B Vg e q i ® Q
NBO 299.18 4.29 206.0 12.6 260.0 21.7 62.8 0.691 0.850 140.5 221.7 299.8
ETP 135.40 2.93 334.6 32.7 215.9 39.7 34.5 0.685 0.460 55.1 293.1 134.8
BAR 135.38 2.34 28.8 21.9 259.1 9.5 65.5 0.728 0.882 161.1 226.2 135.0
MPR 139.64 0.54 70.4 50.0 296.3 27.5 54.2 0.691 0.592 121.3 88.4 139.5
GCP 234.99 1.31 47.6 79.5 201.6 58.1 33.8 0.864 0.830 51.6 228.9 235.6
NLY 237.92 3.81 141.8 40.0 253.2 23.7 60.6 0.709 0.748 132.5 246.1 237.9
MLE 235.70 0.74 142.4 29.3 259.6 13.7 66.0 0.740 0.860 153.6 225.2 235.8
ASX 237.37 3.60 154.6 -3.4 280.4 -13.0 68.8 0.947 0.898 155.6 325.3 56.6
NLM 237.99 3.29 162.2 33.0 272.5 23.4 65.2 0.750 0.959 138.9 171.0 237.4
NLD 236.07 0.75 177.3 70.4 254.7 59.1 41.7 0.630 0.953 74.8 200.8 236.0
RLE 262.18 1.02 155.6 5.2 253.3 -4.6 65.6 0.771 0.686 170.8 72.8 82.2
DCL 262.19 3.21 155.3 20.8 247.3 9.8 64.1 0.835 0.539 159.0 270.1 262.3
NAS 231.5 149.9 -3.4 281.7 -14.7

(1)NBO : 5 1
T3-8 1X 1 OB EGA(HL-10088) & | [H YV H O K CH-H#E 2 H5# S 172 a-Bootids(a=210, 3=+18, Jan.14-17,
HR=1-2, #, JE) &9 1944 FEDORIEBLNIZ K> T\ 5,
F2% NBOEEDREH
NBO As o 1) A—AS B Vg e q i ® Q
T3-8 293.7 201.6 16.7 259.5 23.9 63.4 0.68 0.90 135 218 294

(QETP: 5§ 2
LE-456, 458, 465 &\ ) EIHENIC LD MERICHEN TS, £7-, ETP O/ (F) AN G EIREOEH
JEAVEAE L. T1-119(n-Pegasids) 237k H &%, Terentjeva 13 [EnE D2 TIER A2 fE, IRFIBLN T Z Ol 5
1L 1867 LB SN TS EFRL TS,
H3R ETPEBOTER

Code As o 5 A-AS B Vg e q i ® Q

T1-119 140.8 341.7 32.4 217.0 36.7 46.0 0.969 0.467 75.2 274.7 140.8
LE-456 139.8 332.0 31.8 208.4 40.0 39.7 0.87 0.52 57.8 272.3 139.8
LE-458 138.5 338.3 39.5 220.7 44.2 41.6 0.76 0.59 69.4 268.1 138.5
LE-465 139.3 346.7 37.6 226.3 39.2 45.7 0.82 0.53 79.9 273.9 139.3

GEWEN ETP JEIBIZEIE L TW D235 2 IR STV A A3, Terentjeva 238 T1-119 & LTW5 H D
(5, Lo 21T) OMITIED L ONFEEL TV, FMIIRHATH S,

FAK ETPEEDEERE

Code As o 3 A-AS B \| e q i ® Q
H1-8472 140.7 341.6 34.3 218.2 38.3 45.3 0.940 0.500 75.0 272.0 140.7
H2-8528 141.0 341.9 30.5 215.9 35.0 46.7 0.997 0.433 75.4 277.3 141.0
H1-8199 133.7 331.6 31.2 213.8 39.6 18.9 0.470 0.470 30.0 313.0 133.7
D3-62067. 132.6 333.1 315 216.5 39.3 43.8 0.918 0.515 71.6 271.7 132.6
D4-64156: 135.7 326.6 32.0 207.2 42.2 36.9 0.842 0.565 55.8 268.2 135.7
H1-8159 132.7 337.6 27.3 218.4 33.7 14.3 0.450 0.440 20.0 325.0 132.7
03-314 138.4 345.0 28.7 220.5 32.1 47.5 0.938 0.387 82.6 286.7 138.4
H1-8184 133.7 346.6 25.3 224.8 28.4 11.8 0.460 0.410 14.0 335.0 133.7

(3)BAR : 5 3
IAU ® U % kTiE, working’& SR TW5 AUP & TRI 3L I8 5, AUP I E T AR L 2 RET, #uE



BERIFIRIN TR, T2, TRIOEZE L L TRINTWADIL, S3-138 DL D TH 5, EBIKIC K DIt ERE
Td 5 LE-402, 404, 408, K1-128 3T\, 1 7TRICHR 6D K 912, HEMBSATITIZER. | OFEINRZL L,
E5K BARFEIEDRER

Code As o ) A—AS B Vg

AUP 132.0 7.5 183 2422 13.8 66.0 /////
TRI 139.8 375 30.7  265.2 15.1 573 0166  0.886  150.0  264.7  139.8
LE-402 139.9 28.9 238 2554 11.2 61.6 0570 0700 1571 2631  139.9
LE-404 139.4 33.8 176  258.1 3.8 67.8 0790  0.860  172.8 2297  139.4
LE-408 139.3 36.9 234 2628 8.4 647 0490 0930 1644 2221 1393
K1-128 135.7 29.7 162  257.6 3.9 650  0.600  0.800  172.0 2430 1357

(AMPR : 4K
AR T AREZIE, B, BT AL bICEN S LWES SORFITR LR, ITWEREREDN LEZT
Ho,

FE6R:MPRAEFENEERE
Code As o 1) A—AS B Vg e q i ® Q
04-523 140.3 71.6 48.4 296.3 25.8 55.4 0.712 0.552 122.4 84.6 140.3

(5)GCP : 5[
#i FIZ S2-65(November Cepheids)7sd» % 73, Harvard OB TS FEARRNCIZE EIFICIET TS 5540
BEEIXERE LTS,
7% GCPIABEDRERH
Code As o ) A-AS B Vg e q i ® Q
S2-65 2355 3547 702 1701 611 243 0820 0891 338 2185 2355

(BNLY : E6 H
MLE & NLM IFEHF#ECTH D, L LERCEHL, o, MARAIZHITWI & n, EHREL T AMED

SSRGS TS, LE-590, 594 [TEWIC L ARERETH 5,
FE8R NLYEEDRER

Code As o 5 A—AS B Vg e q i ® Q

UUM 240.0 148.0 59.0 246.4 42.7 55.1 0.954 0.823 100.0 229.0 240.0
LE-590 235.2 139.3 42.3 253.1 25.2 63.3 0.780 0.780 132.0 238.4 235.2
LE-594 235.7 142.8 36.1 257.6 20.2 63.2 0.610 0.810 141.4 239.1 235.7

AR CITEZRER AV UUM T a7 FT7 D7 —7FRN AN T-H0OF —% & SonotaCo % v ~DF — Z
FRAE DR TR L2 & WGN(2013), 41, 103-108(35#7175) Tk TV 243, X6 225 blgH mOEFIT A S
Ny UUMIZEBLTWD EOICRZZ2 NOWMES 1ldH 5,

(ODMLE : £ 7K

% 7L NLM & NLY Z & edil TH 523, MLE OHBEHIFNELBAESINTHNDED T, 20 2 DOHEMN

B LCuneuy, LE-592,597 dfitd, . 7 KIZBIIL TV AIMERDIZEA EITERIZL DD TH S,
FEOR MLEAEDFRER

Code As o ) A-AS B Vg e q i ® Q
LE-592 234.9 141.4 28.1  260.0 12.3 66.7  0.650  0.870 157.0 2271 2349
LE-597 235.4  147.6 29.2 2644 15.1 573 0.230  0.710 148.4 3012 2354
(8)ASX : FE 8K
/SXimEﬁm IHDHMN, BRIMEOEAIRELEZXDEZAITNMEL (1 7K)., ASX DEIKIC

iﬁfotofb“fﬁ{mg%@ﬁmﬁi NEHR LTV 5, 3 8 IXIOM M CH AL 7= EIk & 57 7212 ASX DiEEhfEk &
ﬁﬁﬁl L T SonotaCo v F OB Z4ERHT 5, HREICB T 2D TR TNEH DL EDOD, ASX 2 T-HD &
HTRIEWVWARWTH A H, £72. SonotaCo % v MI X o T, BEDFEINBI SN TVWDEZ &b, [EFHI]
REE I ND,
F10R: FSRDIEAMEEANIZHSHE T4 F 2 (SonotaCoR v ) D FHEFR

Year Day AS o o A-AS B Vg e q i ® Q
2007-12 mean 19.78 237.0 154.1 -6.4 281.4 -16.0 68.2 0.931 0.874 150.8 319.4 57.0
SD 3.82 3.8 3.4 3.1 2.3 2.6 4.4 0.177 0.100 6.6 20.4 3.8
F11R . FESRDEABEEANIZHDE T4 FE(SonotaCory ) D HHIFIK R
AS 230~ 231~ 232~ 233~ 234~ 235~ 236~ 237~ 238~ 239~ 240~ 241~ 242~ 243~
N 5 3 11 4 3 3 5 13 9 4 1 8 3 3

F12%  FEEDOEABENIZHSIE T4 Fi 2 (SonotaCor v k) D E R HIRIK R
Year 2007 2008 2009 2010 2011 2012 Total
N 17 13 19 5 15 8 77

FEENEIAFET D 1 OFREITIROEY TH D, FHEHEEN ASX OFEHE LY L0720 /SN OREF
NTWDZEIITEENMLETH D, ZHICHOWTIE, ROLIRBERNREZ NS,
ABIRRZETHY ., WIhd ASXIZELTWD,
KITHGEEE N R E <, BT OMBEENRKE N LICL Y | REG OIS OMENREEIC /2 5, FriC
BFVIEE Cld, BB C Ll E R EIXREEC 20 . BEERKE W,
(BYEED/NSWBIDORENE 72 > T D,
BHROLIITNAS EVIHIFEDTFELBESNTWHDLDT, BR2 SOFENITHEL TW D AEEEL H 1



F5. LU, NAS OHEIFH A 6N TN RWVDT, FEMIZAHTH S,
%13§-%8.®*ﬁﬂnﬁiﬁlﬂl HDHIRE

Code Year Month Day AS o ) A-AS B Vg e q i ® Q
MSSIFD 1995 11 18.75 236.0 152.8 -6.6 281.2 -16.6 62.4 0.500 0.833 148.1 301.9 56.0
MSSIFL 1995 11 18.76 236.0 154.7 -6.8 283.1 -16.1 61.8 0.509 0.775 148.2 201.2 56.0
MSSJB4 2001 11 18.72 236.4 151.8 -4.1 278.9 -14.7 59.1 0.287 0.788 150.4 275.3 56.4
MSSJBf 2001 11 18.77 236.5 154.1 -0.8 279.8 -10.8 62.1 0.393 0.819 158.8 293.1 56.5
MSSJBH 2001 11 18.74 236.5 154.1 -7.8 282.5 -17.2 64.5 0.655 0.842 147.5 308.8 56.4
MSSIFn 1995 11 18.82 236.1 151.6 -2.1 278.3 -12.9 67.9 0.760 0.926 156.8 3285 56.1
MSSISe 1996 11 16.75 234.7 151.6 -4.9 280.7 -15.4 71.9 1.180 0.916 153.3 329.8 54.7
mean 18.47 236.0 153.0 -4.7 280.7 -14.8 64.2 0.612 0.843 151.9 304.1 56.0
SD 0.76 0.6 13 2.6 1.8 2.3 4.3 0.295 O 059 45 20.0 0.6
(A)THIiE, ASX 23 SonotaCo 1 v MZ Lo THENL. SN Z LIFHETH S, KIC(B)DOEFUZ DV THRES

T 5, BEFIXASX IZFTE T AIME%L 5 2 TV, ASX 0)%??iGﬂE@/m%ﬂ%ﬂ%ﬂiéﬂf“é@f\ ASX

ORI ZT VR Z 6 B IR T 5 L FE S THKZ DO TRLIELDIZRD (BBl 4FK),
F1AR ASXIEVWERFHEDIRE

Code Year Month Day AS o ) A-AS B Vg e q i [ Q
MSSJB1 2001 11 18.72 236.4 158.5 -3.0 284.9 -11.1 67.4 0.815 0.796 158.9 304.6 56.4
MSSJBH 2001 11 18.74 236.5 154.1 -7.8 282.5 -17.2 64.5 0.655 0.842 147.5 308.8 56.4
MSSIFn 1995 11 18.82 236.1 151.6 -2.1 278.3 -12.9 67.9 0.760 0.926 156.8 328.5 56.1
MSSJdm 2005 11 2579 243.5 156.7 -1.3 275.4 -10.3 68.4 0.722 0.960 161.7 339.0 63.5
MSSIFa 1995 11 18.79 236.0 157.2 -3.2 284.1 -11.8 68.5 0.883 0.827 158.1 310.8 56.0
MSSISe 1996 11 16.75 234.7 151.6 -4.9 280.7 -15.4 71.9 1.180 0.916 153.3 329.8 54.7
mean 19.60 237.2 155.0 -3.7 281.0 -13.1 68 1 0.836 0.878 156.1 320.3 57.2
SD 3.14 3.2 3.0 2.3 3.6 2.7 0.186 0.065 5.0 14.0 3.2

ZITCEIRENTZIRED D B, 3EITFEHENICH D28, 3 XM (Lji) \CIF-ET D, LL, Z0gae
TH, FHOKEHERR, EHSOMEICRKE Z2ENTR SR, IR SR 7oA PICAEIET 5%t
HEEE /NS WD 4 EOFEE D bﬁ@%ﬁﬁﬁiig?ﬁéﬂf:GﬂEE*ﬁZLTb\éo O XL DB I, cF s
IZIEIE SonotaCo D D & & —EH L, RHGHEE N KX e BHEE O FIEIXIFIFHIE E AN D, —JF7, xR
D/NS VBRI OFEIX, 7 —Z$ D2\ SonotaCo 1~ k OELHITI mu&')f‘oﬂiﬁb\ S HILH BE D43 A1 1 C AR
(L OAETTFR %ﬂ’biﬁb\

F15%  FRIDEABBRIZHSE T4 E (SonotaCoy b DRE i
Vg ~63 63~ 64~ 65~ 66~ 67~ 68~ 69~ 70~ 71~ 72~ 73~ 74~ 75~
N 4 0 4 2 4 8 14 17 18 4 0 1 0 1

K HIGH E DIV OW T, Bl SN D MERICE 2E N, Ny 7 7T 0 ROREA (I OBRITIET —#
BBV NOTEEBIIREL D) ZxOBRFNBMLETHS, L EMT 5120, | OBRINTHNT,
T AT L BT, BRD L DT, RV, AEE DR EWIEEIZ DN TOE f“ﬂ%m IDOWNWTHZRDH,
WEFHRMLETHA D,

NAS (& Jenniskens ERET AN L > THEHBHLIEZLDOTH D, NASIZASX L0 H KBGER T EIZTED
HEWRD DM, IZIFEEH SIL—E LT\ 5, SonotaCo v ~ OB 232=1s<233 THIMGK L & 7 2
B HN & 7R L/Tb\ém VRBLLRZR S . BIAE D BE M ClIns=237 i DiEEh & KB TE 5721 OF — X 13780,
NAS (% ASX L iFIFREE (Fl—fL BfgE2) LTIV THAH 5, NAS ODEHZITEFHEL L LI BB LT,

(ONLM : 9

MLE & NLY &RPUTIFIER T, JAEICIZZEOEIRIC L > TR SN IZmERNFET 5, £z, LL

BE. REREISOWEZD, ESAMELSHIZ b Tn 5,
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MRS, BETIINCEDO ST ThdH, ZOWH, KEGIIHEKROETH M BAETF 90 Eo ), 2EETIX
BLOE, AETOFABIT/RD, HERASNSAT 90 ERN KO IFET TANT] (7 rF~U ) LI
s, ERNZEBXZO T, #7510 180 ERAHIK O LAWMW1 . THIERTE S EFFEh D, WT
JENHRLEED BHT- 0275, WEROBIER (FE) 1350285 KRR TREND, FERED B R%IT 5
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B51%(0, 0). ANT 1%(180,0)Td 5,
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HbHbAh, ZHERT FALVTORETHY, AN T7— (FfE) £ LT
Ve=Vy-VE Tl ZOFITIX, JEMRISHIEROES) 7 a7 522 A
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L.Kresak(“Structure and Evolution of Meteor Streams”, <Physics and Dynamics of Meteors>, 1968)7% (#f.0s) #E
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L.Kresak(“The Dispersion of Meteoroids in Meteor Streams.
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o 3 =] aQ o
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&g 90 1-360 1217 1150 1-130 1-111
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e 130<=A5<160 Fi160<=A5<170

X 3a~f: ANT fEIRICIS 1T D 110=As<170 TOEH RoAfiDE, OIXERIPSERE, AN IEE, AXER
DMEEEE, RBROMEEE, Wb Wright et al OERIER KT, 22952 b0 OBEKN RBEI 2T,
O IAUMDC DIt BEETAXZZRDOZ L,

Sa~fIZAT 0D 4 DRSS MEIRIC 1T D 110=As< 170 O HAR OEE S s 45410 2 KGR T 10 £ 2 L2
HEO, SonotaCo 7 v MIZ X5 BT 4 X (2007-13) T7= L7z, Wright et al.lZ X 2 HEREST SULm ST i# s
TWAHEIPH TR L TWDD, (A-As, B)DJEIER ETHTMNIBEI L T\ 5D, AT 23D ECTF FIo&E)
L TCWAN, ZOMo 3EFHLERMEITE —E THEHBITIEN L TW DR 0312 5, IAUMDC O SN E 13,
WL DNV EENH LD T, BTNOARECBOTHMLEIZS LTI LTV, BARMICiZE1 54225
FRENTZW, £72, Z OEEICIE IAUMDC 1288k S UIZIREREN 7R W IFET DD T, TS ICOW TR E ~
DKEFERLTND, ZIHDIFEAEITRUARZNE DO T, 1 6 THNT D,



£ 15: 20D A HOBE

No. o ) Vg A-AS B e q i Q) Q As  Shower

3SIA0 3347 -142 338 199.7 -35 00912 0.208 6.9 131.8 311.7 131.7 Southern iota Aquariids
3SIAl 339.0 -156 348 2031 -6.3 0.929 0.190 8.6 1375 306.9 131.7 Southern iota Aquariids
3SIA2 3329 -14.7 305 2001 -3.3 0.859 0.218 5.3 1343 309.1 1295 Southern iota Aquariids
5SDA0 3421 -154 405 2120 -7.2 0.972 0.087 264 148.9 3122 1256 Southern delta Aquariids
5SDA1 3404 -16.3 40.2 2086 -7.4 0.966 0.067 30.8 1545 307.2 127.2 Southern delta Aquariids
5SDA2 339.6 -16.1 410 2084 -7.0 0.972 0.079 255 150.6 306.7 126.7 Southern delta Aquariids
5SDA3  305.7 -16.1 414 1786 3.2 0976 0.069 27.2 152.8 305.6 125.6 Southern delta Aquariids
5SDA4  340.1 -17.0 408 208.7 -8.0 0970 0.07 325 1524 306.5 126.5 Southern delta Aquariids
5SDA5 3410 -158 408 2083 -7.2 0972 0.078 269 151.1 308.2 128.2 Southern delta Aquariids
5SDA6 3410 -16.1 41.1 2099 -75 0973 0.065 309 1539 306.2 126.5 Southern delta Aquariids
5SDA7 3419 -16.2 394 2074 -7.9 0954 0.100 23.8 147.1 309.7 129.7 Southern delta Aquariids
26NDAO 3447 04 405 2071 6.4 0.972 0.071 23.0 332.6 139.0 139.0 Northern delta Aquariids
26NDA1 3453 +0.5 39.8 206.0 6.3 0.966 0.096 19.8 327.4 140.7 140.7 Northern delta Aquariids
26NDA2 339.6 -4.7 423 1998 3.6 0.973 0.070 204 3326 139.6 139.6 Northern delta Aquariids
26NDA3 3449 2.2 377 2085 8.0 0.946 0.097 24.1 329.3 138.6 138.5 Northern delta Aquariids
26NDA4 3464 14 383 2080 6.7 0.948 0.097 19.8 328.6 140.0 140.0 Northern delta Aquariids
26NDA5 3457 2.3 373 2087 7.8 0.944 0.096 234 3299 139.0 139 Northern delta Aquariids
26NDA6 352 41 39 2073 69 0.954 0.099 208 3274 147 147 Northern delta Aquariids
26NDA7 3515 4.0 381 2073 7.0 0.951 0.102 21.1 328.0 146.5 146.5 Northern delta Aquariids
33NIA0O 3284 -5.6 312 1809 6.8 0.840 0.260 5.0 308.0 147.7 147.7 Northern iota Aquariids
33NIA1 328 -47 276 1834 7.8 0.852 0358 7.4 2974 1451 1451 Northern iota Aquariids
33NIA2 356.0 3.0 28.6 1980 43 0.825 0.266 5.7 309.0 158.8 159.5 Northern iota Aquariids
33NIA3 3554 34 287 1981 49 0.827 0.271 6.9 3081 159.0 159 Northern iota Aquariids
33NIA4 3340 -8.3 294 1909 23 0.864 0359 2.7 2920 142 142 Northern iota Aquariids

K 16 : M 3a~f ICBRGFTOMERH (RPEHERL)
No. o ) Vg A-As B e q i ® Q As  Shower
179SCAO0 311.1 -145 26.9 1996 35 0.792 0.272 45 311.2 1102 110  sigma Capricornids
199ADCO 328.7 -16 216 1793 -3.1 0.753 0.597 2.8 87.3 327.0 146  August delta Capricornids
215NPI0 08 39 274 1940 33 0816 0.344 3.8 2985 168.3 168.3 Northern delta Piscids
379ACTO 7 -56 202 2112 -79 0.692 0254 83 146.2 333.0 153.0 August Cetids
467ANAO 3171 -131 218 1762 32 0.781 0.618 2.6 263.6 1394 1394 August nuAquariids
467ANAL1 3181 -12.2 214 1773 38 0.752 0.612 2.6 265.6 139.5 139.5 August nu Aquariids
473LAQ0 3423 -55 306 1940 19 0.877 0.297 2.6 300.3 148.0 147.6 lambda Aquariids
473LAQ1 3410 -51 31.1 1952 27 0.881 0.279 4.1 303.2 1453 1453 lambda Aquariids
505AIC0 356.8 -9.6 37.2 2078 -75 0.942 0.106 21.3 148.2 3254 1454 Augustiota Cetids
548FAQ1 318.2 -2.1 37.7 2070 134 0.929 0.140 34.8 3222 112.7 113 15 Aquariids
623XCA0 3039 -10.9 245 1836 87 0.786 0509 7.6 277.4 119.7 120.0 xi2 Capricornids
640A0A0 3485 -144 382 2068 -8.7 0950 0.112 249 146.1 317.0 137.0 Augustomicron Aquariids
642PCEOQ 8.2 -053 365 2044 -81 0931 0.145 194 140.8 341.1 161.0 phi Cetids
689TACO 311.7 -15.7 28.2 1839 2.2 0.849 0.393 23 2895 1209 121  tau Capricornids
[#F] 623XCA0, 640A0A0, 642PCEO i Aug.25 ffiIZFFE S L 7= (2013Dec.13 fit C—BFAICFRH S, =
D%, HIFRE bR ENTITAEH & 72> Tuh7z) Jenniskens et al., 2014. Icarus (sub)IZ L5 HDTH 5,

B. 2. 1 HTNOMEE

BHTRDABEOF TH o & HIEFRRIEE 2 A5 DT, IAUMDC Ofgk &, G5 - © 5 A4 O#HIIE Wright et
al. DHERE & K< —F; L TV AD Z R0 0nD, 723, 5SDA3 OIEH M OFRFRIL 305.7 Tid/a< . 335.7 Did Y
ThhH9, £7-. IAUMDC (Z48# T % 5SDA3 D 5-F S k1% 152.8 & r A 515 L R U2 A - T
WAHMN, IELLIZ305.6 DITTTHY, ZZTIEEFTIEL TR W,

723, 130=As<140 ([X13c) TABEDHEH 134D 0T 640A0A0 NFAET D, ZALIE IAUMDC |24 g%
TAHBEORBIARETHA D, 72, 140=21s<150 (X 3d) I[CAREDORHIHI L & E 2 HHEFESHB R S,
AR T &L BN D, EAZH7 Wright et al. DHERLAZE & 505AIC0 ICHHYS T 5 L 2R D2 &
IFHLBRIR VY, D%, 379ACTO L 0 HANZHEST MO SARIH G Y | 642PCEO ICH2 > TWVWH LD Thd b,
AP INOOFRED KM /25 & TG OFHWEITE) & XBIT 5 2 L IXREEIC 725, CMOR it D i 2 &)
ETCHE, BEICHBEMENE<BHI SN HETLH 5,

B. 2. 2 #AT0NOHEE

Wright et al. DIFZE CATRDSILEEE STV ADHLEIXD T2 TH Y . 2 5B S ODOEES RO

MEDOIHRD LA THZ 9lOFE, 1 EOBESEN, 1 EORENS A HELRTKELFIH SN TWD, K



T 115 FERITR & 140 FERIRRICOAMIZ 2 SN TWD EHICR A5, @ 115 IO AIT 110=1s<120

(M 3a) IZH5H5 548FAQL ICHHY T 5 L R b5,

120=%s<<130 (¥ 3b) TiX, Wrightetal.iz & 2 HEF AL & IZHE S S OEFIT R 57, 130=1s<150 (¥ 3 c,
d) TIEHERME L ©F A8 L 2N SOEFIHENAEE L TWD, BT nd 2 0EFE#H 2 &b
B CHATRDIEEHR LI LD THA S, EHEORENEIIHEZHESI IICBE L T D,

i,cja 26NDA2 | Wright et al.iZ X 2 AT 03 DUbHEDOHER AL E IZIT VN, Z4UE 1963 42D Jacchia IZ X 5 6 D

N ¥ /A N T&botﬂ%ﬁﬁ X2 D XD RERIZLCOLEBZRNTH A 9, AT DOSFHERERLE OFEEHEN
ﬁfﬂ L. BN EEICR B ECHOHEN 22 LIFEARVDOTHD,
B. 2. 3 Jﬂ‘mbﬁﬁi

Wrightetal.i% 6 H 29 H~8 A 22 HIZ 2 ;S@LH SNHLE & I E Sz 6 HOFEZ AREE L TR, TN
DSFEBEICIRWTIRBEI E VD Z 2T f;éo L2vL, X 322513 Wright et al. OEE RS S (A) CHEH S 0A6
DOEFNRALND DI 130=1s<140 (K 3¢c) T THDH, FEMHEOEAE THD [BH LIt OFEINE
o722 Z LICs T T, WIAEEI OV E DS M 72 AT B OSHRE A RV T, o 3 FEIIEEhR %
EWNZEE L= b0 & bbb, 3SIA0~2 HAs=130 AiZICEF L, #uEd X< BTV D (Dsy<0.1) 2 &2
FHEOH TR, Wrightetal. D% EBEX TIWTHA I,
B. 2. 4 AT

150=xs<160 (IXI3e) T 33NIA2, 3 DEFHIZ BT AHEH R OLCEH LTV D8Ik 5 5 A3, Wright et al.
O LA T NOULEE (RBROA) SdBME B2 5 FNBWTH A9, ZOMEF S OMEEIL, 160=As<
170 (X1 3f) ™ 215NPI0 IZ bt <, [HBHE] EMHEINDXEZ O L/, Mclintosh O#LHIZ 5| H LT
ST HNTRETIES DY, ORI & LRSS E LN TRV | FALERE S BICIHRO LRI TS &
TS EDbLLARNTHA D,

HENOE - ALBEE B2 Harvard O L — 2 —8LITIZZ 5 LWEESH S OE R IR 5170,

C. BIENGEME AR
C. 1 " AHDOFEDREM

# 17: [HBOTEE] D De, 20COM3~4 |3 499DDLO~1.

20COMO 20COM1 20COM2 20COM3 20COM4 20COMS 20COMg ~ 20COMS~7 13 32DLMO0~2 & LT
20COM1 0.000 fficsnTnabDLE—Th
20COM2 0.898  0.898 b .32DLM & 499DDL I% 20COM
20COM3 0.252  0.252  0.893 DO— L SN THIFRES LTV D
20COM4 0135 0135  0.986  0.308 20COMO % Jenniskens K3
20COM5 0.380 0380 1120 0492 0.256 IEF o TUND A8, B R
20COM6 0.407  0.407 0756 0463 0.386  0.400 2833 T B DIkl LT B

20COM7 0.231 0231 0967 0.214 0.190 0.286  0.352 DAL 274 & L-CUrCin

MZHEWTHD (21 8), ZIUTHERH S OWLETEZE L Jenniskens H E RO 7L TH Y . MKITFR CIE
REED IMO OF — X Z8HH L TWAE 05 ThH D,

£ 18: IMAHOTEE] LE5ICBRETIRER

No. o 1) Vg A-As B e q i ® Q As  Shower

20COM0 175.2 22.2 63.7 2525 184 0.962 0.541 1394 265.0 283.3 274  Comae Berenicids
20COM1 159.7 316 63.0 2433 213 1.012 0.613 1353 257.8 265.7 265.7 Comae Berenicids
20COM2 1745 18.2 67.7 263.6 145 0.869 0.978 154.7 203.0 264 264 Comae Berenicids
20COM3 168.8 27.2 67.0 2428 205 1.152 0.611 137.3 253.0 275.9 2759 =499DDLO

20COM4 1695 26.6 63.1 2422 20.2 0.955 0.536 1353 266.1 277.4 2774 =499DDL1

20COM5 156.1 32.7 62.3 2434 21.1 0.953 0.554 133.8 265.6 262.2 262.2 =32DLMO

20COM6 163.7 39.7 64 2468 30.0 0.785 0.810 138 249 261.7 261.7 =32DLM1

20COM7 1615 305 64.0 243.0 209 1.066 0.618 136.4 256.1 268.0 268 =32DLM2

90JCO0  188.9 16.8 639 2403 189 1.068 0.544 138.2 264.2 301.0 301  January Comae Berenicids
90JCO1 1927 150 657 2416 188 1.142 0.593 140.2 257.3 304.0 304 January Comae Berenicids
722SCRO 1455+32.3 652 2479 174 0.914 0.646 1445 253.9 248.9 249.0 sigma Cancrids

20COML1 | 20COMO & [A] UHE 258 & 72 > TV D03, BRSSO FEIZ R /2 > T\ 5, L NIRRT R T
HEST A & MU D D EF DM B ICHAE LEEEEZ R~ L TV 5D, ZOMEZEICIC Dy ZH72ICHET S 2:
20COM0=0.256 ., 20COM2=0.991 , 20COM3=0.298 ., 20COM4=0.172 . 20COM5=0.201 , 20COM6=0.321 .
20COM7=0.089 & 72V, [H DLM T& 2% 20COM5~7 (ZiTW\ 2 &R hnDd,

E&ﬁ IR 5 TRIZKIITARED Dey DI RAEITMEHIC K E VY, 1 7TICEVFELLS RS & 20COM2 23—

ZIEF—FEE BB Wb D THDL Z NS5, ZDEIIC, ZOTNV—FDLEIDE L LD BT
ﬁij 20COMO~2 [FHR5 | 2 FFHEDITIR X 72N 2 E B0 D,
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IR 7 B A 7= P DN B D, M4 TR
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<30 OFEE G HBL LI EORE S M E <Y, B
LN 3 OD T N—TITH3 VTN B,

DLM DOfEE I small camera (2 & % 144 8 ot 2 8l
175 Whipple 1T & » TEERFER S N, £ Dk, *
Lindblad 2|2 . > T Super Schmidt O#LHIT & iEEh
TesR S v, DLM(December Leo Minorids) D4 #RH3 5 %
b7, w

XIZ, McCrosky & Posen {3 graphical reduction {Z &

% Super Scmidt OBHFES S5 JCO (HFFXZ

% Coma BerenlCIdS k $4: L/ TC) %E‘m L/f:o 9200 Ha 28 238 240 58 260 T 280 294 300 s 38
Z OWE OFEIMET S W) & FERE STV, S .

Lindblad = & »Cli# o % s SHEOE (M4 B 4 FREMCEDS IhH U

COM) AMEfi S, Zhad Comae Berenicids & FEIE . L

N5 X 52720 M) Coma Berenicids (213 January .

NEEHIND Z Lo T2DTH D,

L. ANBIE3 OO T N—T0BEEE LT
FELTWD L DI D, BIZE O PRI
b5 L TIEHATERY, BIfE, IAUMDC Tl
DLM [Z COM O —# & LTV A3, JCO [IHMAE L7=
FEL LTI TS, —JF Kronk 13 2% £ &
T Comae Berenicids & LT\ 5,

BT (A-As, B)=(243,21) % Hlr & LT ET ABLAIC
L BMER AN E RS Z TS (K5), 22Tk T
MERA % IAUMDC @ THA ] TRLTWDD,
20COMO0, 20COM2, 32DLM1(=20COM®) 3 &i[Hs % &
725 TCUD, 20COMO DA ITIE, HRRFD KBS
% 2 - R 283.3 LU, #FANIC A TL %,
v A #1175 1% DLM, COM, JCO 23 —EHDIEE D
LR AD,

I 2T 240=As< 310 T(h-Ls, P)=(243,21)7>5 5 JE ]
VINIZ72 % SonotaCo & » k@ 2007-13 FE Dt & ¥x .0 7 N P -
75U b 0% 6 RT, s, Hee ° *
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LCUW% & 912 DLM+COM, JCO D 2 7 )b—T 720D » Fa
AN ARR I RETES Rel(a} 2/ PV AN L 1AL E S-S U,V _
BN RET A X 912 3 DOMNE LT-EEAR DD, 2an 250 260 270 280 290 30 As 310
FERANLETH D, X 6:2007-13 £ 5 B & HERE

ya N g
b+
W
%

I
A5
\w__//
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LML THD,
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X 7b : 2008-12 £ ¥ 7 Z A
ZHEST N EE > TS,

A DM, TIUFTREHIRI 23 R e > T D, _hﬁ>u/\ﬁ¢éhf

LWRESNOIGAEEHAT D, 19, KI8DGDRMN I
I Bbr o8 LR 7ICRIBT HMEERE

# 19:
No.
12KCGO
12KCG1
12KCG2
12KCG3
12KCG4
12KCG5
12KCG6
73ZDR0
184GDRO
184GDR1
184GDR2
197AUDO
413MUL1
463JRHO
463JRH1
464KLYO0
464KLY1
470AMDO
470AMD1
699GCY0
701BCEO

o o
286.2 59.1
284 527
286 +59
289.5 +55.6
285.0 +50.1
280.3 +50.1
267.3+61.1
261.7 67.8
280.1 51.1
2809 51.7
279.6 50.4
2725 65.1
267 419
265.1 +36.4
265.9 +36.2
277.5+33.3
276.3+34.8
253.7 +58.8
254.8 +58.2
3005+38.8
325.4+75.8

Vg A-AS
248 177.0
24 158.1
248 1764
249 172.0
219 1615
22.0 155.7
23.1 106.5
25 33.2
274 167.8
27.3 1705
275 166.2
17.3 164.2
181 1447
15.6 137.6
148 137.7
18.6 1545
18.6 153.9
195 732
190 785
21.3 1722
39.8 258.9

p
796

745
795
75.7
71.9
2.7
84.4
86.6
73.7
742
73.1
88.2
65.3
59.7
595
56.4
58.0
79.3
79.1
57.4
70.9

e
0.680
0.808
0.727
0.763
0.709
0.746
0.754
0.766
0.964
0.933
0.972
0.335
0.659
0.633
0.553
0.698
0.695
0.654
0.631
0.692
0.948

q
0.99

0.984
0.970
0.980
0.951
0.957
0.988
0.983
0.951
0.951
0.978
1.007
0.981
0.981
0.982
0.939
0.945
1.011
1.012
0.879
1.006

(2= P

i
38
359
38.7
38.5
32.8
32.6
355
38.8
39.5
39.8
40.2
304
26.5
21.3
19.7
24.7
251
30.3
29.5
30.1
65.8

0]
194
201.4
196.8
201.9
204.1
201.3
183.4
176.4
201.5
201.6
202.4
185.6
204.0
203.8
204.5
215.1
213.6
177.2
178.4
227.0
188.3

Q
145
1394
145
1476
140.7
137
150
122
125.3
125
1247
141.9
120.8
124.6
1258
126.8
125.9
1454
1444
1458
153.2

AS
145.2
145.2
145.0
147.6
140.7
137
150
122
125.3
125
125.3
142
120
124.6
125.8
126.9
125.9
1454
144.4
145.0
153

SATANMEAE L, 2007 4EDEE) & —Fd 5 L 9 I,
7 A MANZkEL B X D BEOIEEIN /A 617

Shower

kappa Cygnids

kappa Cygnids

kappa Cygnids

kappa Cygnids

kappa Cygnids

kappa Cygnids

kappa Cygnids

zeta Draconids

July Gamma Draconids
July Gamma Draconids
July Gamma Draconids
August Draconids

mu Lyrids

July rho Herculids

July rho Herculids
kappa Lyrids

kappa Lyrids

August mu Draconids
August mu Draconids
gamma Cygnids

beta Cepheids

Flo. M 7b OB —ZRICR LN D RO EETIT Tkid< b r 9B LRMSh T el sh

5,71 9 D 12KCGH 1 Z DRI A KM L TWA H D TH A 9, X 8 |2/~ d 18l G ™ AUD <° ZDR %
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LT 2013 FE DT E
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31T 50~60 FEHZDOL DO TH A, 1 9 T KCGO~-3 IXFHEEHIIZFEBLIHNIC
%@T%éﬂ_ﬁbf\mm46itTﬁﬁﬂfﬁéo@ﬁﬁ@K%ﬁﬁ%ﬁékﬁﬁﬁﬂiMﬂ%

IAUMDC

TR LB Th D,
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HifRIZ



725 TEY | FFIZ KCGLIT A AR NQ=139.4 THHIZH )b HTAs=1452 & LTV D D%, FEEEOEH|
RIIATE TH DI L0 b 5T, WEOEKKCE)IZH EFoNTnDEEZL NS,

BARBNCEE D ROTEEEZ TR 2 01T, BEBIHIOHIEN KCG0~3 & )72 0 Hip o> TnD D%, 1950
OB ZED T, X8 D D DHEKAZADLETNDTZDTH D,

#20: BEBIAL © 7 ABANC L Ddid< b x I HEOLE
Month Day o ) A-AS B Vg e q i ® Q AS N
8 2292 2891 587 1768 783 255 0.757 0.987 400 1986 150.1 150.1 12 Photo
8 1502 2870 496 1644 70.9 223 0703 0.968 338 2065 1414 1414 144 Video

D. BUNAAA5r 220 R RE, L Ofih e
PRYHEBS S, £72, MRVBEHERTHND O, o Oy £
MEBTYL, COWMBIZ Lo THEDTERE AK D AL o

& D HEICFEO AR E L, FHOB O T N G e
(2727 LRl BE L DHE IR R ALY, Fi, ; S ]
WTIRNL L72BEE STV 5 O OIS [RIE 23 TAE P
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DMN DDR DN DR

0.000 10QUAO Quadrantids 0.000 10QUAO Quadrantids 0.000 10QUAO Quadrantids 0.000 10QUAO Quadrantids
0.017 10QUA1 Quadrantids 0.010 10QUA1 Quadrantids 0.008 10QUA1 Quadrantids 0.004 L1-171 Northern & Aquarids
0033 LE-46 Quadrantids 0.016 LE-46 Quadrantids 0.014 LE-46 Quadrantids 0.005 LE-787 Quadrantids
0.035 10QUA5 Quadrantids 0.019 S1-5 Quadrantids 0.022 10QUA4 Quadrantids 0.007 10QUA1 Quadrantids
0.053 10QUA4 Quadrantids 0.022 10QUA4 Quadrantids 0.024 10QUA5 Quadrantids 0.010 26NDA8 Northern delta Aquariids
0.057 S1-5 Quadrantids 0.024 10QUA5 Quadrantids 0.033 10QUA2 Quadrantids 0.010 770LCAOQ lambda Caelids
0.066 10QUA2 Quadrantids 0.037 10QUA2 Quadrantids 0.033 L1-216 Quadrantids 0.010 164NZC3 Northern June Aquilids
0.073 L1-216 Quadrantids 0.054 L1-216 Quadrantids 0.036 S1-5 Quadrantids 0.012 26NDA4 Northern delta Aquariids
0.100 10QUA3 Quadrantids 0.075 10QUA3 Quadrantids 0.055 10QUA3 Quadrantids 0.012 342BPI0 August Beta Piscids

0.286 S3-8 Quadrantids 0.103 LE-52 0.191 LE-44 0.012 LE-46  Quadrantids
0.013 LE-239 Arietids
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720 OEAFAET D08, ZHUE, TR SN FHERIC L D L EFRANAILR D720 T, &5 < Tk E
TEANREERREBIIH LD EEZOND,
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LN THD, WAHEHEL SN TWD 10D I B, Dy TIZ A LORICHTZARANWT, B EROILEEN &
HIZBG L TnW5b,

L)L, 2O Dy E S, AT 0ROIHE T T < I MTIZIERMB O UHNRH TS5 2 L Th 5,
B EEXTEABWNDEDE LiLZens, WUMEREIZAT N ORECE M B O URE & Ll o RER{K 96P/Machholz
ZHLODTIHRWNEWNIFDBH D, ZO Dy & DpZIEBLEZELLIIZOAICER L TW5D, FEHIEI
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CAMS & SonotaCo v FTHLNI=T—4
20171712 REMELIF—
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1. [FL®HIC
CAMS & [ Cameras for All sky Meteor Surveillance DIg T ¥ | Jenniskens D FEED T & 1ITRT L O 728
—INTHZE > TEHA SN TND, AT 1 HOERL 225X29.9 FETHY . SonotaCo + v ~ Tk
(DTS & DITHAATH2R 0 B, FERNIC OV TIE“CAMS Cameras for All sky Meteor Surveillance:
Manual for the CAMS BeNeLux network. Edition July 2015, Paul Roggemans (how_to_start_with_cams.pdf) %z £ i
ST,

Table 1: Required equipment and prices in Euro (according to recent purchases)

Watec 902H Ultimate 360
Pentax 12mm /1.2 118
C-CS Mount adapter 2
Ez-Cap Framegrabber 35
CCTV video cable 20
BNC-cinch adapter 2
Adapter 12V (be sure to buy one of good quality) 13
Total costs in Euro 550
If not available yet a PC with recent multi core processor 600
If the cameras are installed outdoors, security camera housing 50

http://cams.seti.org/IZ #4172 2017 4E 5 H 1 H OFEHEIC, 2016 FEDOT — H ALFERHK T L7=, CAMS 21K
TiX 106,000 ffl DO #LE &% T 5, WERIL. California: 38,331; BeNeLux: 25,132; New Zealand: 16,118;
LOCAMS(Arizona): 12,267; UAE: 10,118; Florida: 3,137; Mid-Atlantic: 942 L i & T\ 5,

CAMS THELNIZT —X D HH GaCHEN TN 2010410 A 21 H2>5 201343 A 29 H OHIE DT —
ZIINFEINTND, 110,259 £ TEENDIESILTWD A, EEIHFET 5T —X 1% 109548 I TH D, T—
ZOFERIZEE L TIE, 5IHITE L TROGRSIDFRE STV 5,

P. Jenniskens, Q. Nénon, J. Albers, P. S. Gural, B. Haberman, D. Holman, R. Morales, B. J. Grigsby, D. Samuels, C.
Johannink, 2015. The established meteor showers as observed by CAMS. Icarus (in press)
http://dx.doi.org/10.1016/j.icarus.2015.09.013

A [al1% CAMS O F — & #iEIC 4 4o T 2010-13 4E 0 SonotaCo kv h DF —Z 2 L TlE DOl 2179,
50 % s CERRD b BES. LT 20 CAMS 7 2 ££4= SonotaCo 1 MM 4 4ETH D205, M

HDOEE BEORBHAHEE L 5 5,
A N = N 3 N S N
X TE IAU ORHIC &2 TR T BB, CAMS O F— 4 THENBEARDIEHHOFZHI0

rank SonotaCo CAMS Tyricar—LEdETHE, BRCHEANEE SR
1 11.34 GEM 5.02 GEM TLEHI»Z L ThD, B LI BT B OB E
2 6.17 PER 4.40 PER 19044E1A1HELTWD (wy 7 D7 wALER) 72
3 2.98 ORI 2.87 ORI W, windows RO 7 /L CEMT 5121 1462 H 20N
4 1.82 COM 1.40 SDA 2D EENVIRZ R D,
5 1.60 STA 0.95 ETA
6 1.59 HYD 0.85 STA 2. ETABAICETREERER
7 1.29 LEO 0.64 CAP —RICERIEEREE S 2IE, LEATE., kU
8 1.26 NTA 0.62 QUA FE, STETHERLTVWD, Ll BT ABRIOR R
9 1.12 ETA 0.56 HYD kDb, ST, VLU ABIZREI U, F 34T
10 0.73 SDA 0.47 NTA WAV A BB A TL 58 2 £Z5H), NMS [F#
11 0.70 QUA 0.47 COM SRR SN A=V 2R D & 2010 4RI3TEE (2006
12 0.64 DAD 0.41 NZC A ETIEARY) | 2011-12 A T PEARITE A, 2013 4 HE
13 0.52 NOO 0.38 PPS TR & WD RELRO T, AFaTH-o TV 2 HIRIZ 22308
15 0.47 MON 0.34 AOA JE T OfGE R (f £ A 10,000 {E 2Kk L) A 5 EEHR O

BEIEETRLTWVD A, RV, b 3O —7

1673 8j§§ SSP 8:;2 )N<XFEQ ?§Eﬂﬁﬁf§>éo ljé%‘\/u‘?ﬁjﬁ@?ﬁ@ﬁ§@ﬁ§ﬁaﬁfi7ﬁ>‘%fﬁfﬁ?ﬁ%
18 0.26 LYR 0.26 NDA B Diannen s T ofETIE <, IRRER L v 5F

B THHERICEVNDR D D E BT BR,
Eo. B TROREETA) WA & I EALIZA-T
WL RIZAZGI<, EBIREED 1%E VI FIEEN72D

19 0.25 _S26 0.25 LYR
20 0.24 ERI 0.25 MON
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F1X : KEBER 1ESH- Y OFEEG EOBEITY), £FES% 10,000 f# & L THE/L L Tk,
DEFERTHY, BRSLH U 7 HNV=T O 25 2 5 EREROIREBIHI LV L HHERNEWL ) TH D,
33513 IAUMDC C iy B 72 TR EEECTH D No.1-3L Ik AIIE R A2 R L= b DO Th 5 R0 L 72 -

T2 b DI,

BE. E£7-1%. SonotaCo %X hT

==

AxX A&

ERE] & LT TNz EA2EWT 5, F72. ’others’ & X IAUMDCNO0.32 LLFED
INTWDEZOMOBHEOEIEZ LTS, Z 2 THIRFEEIHIT4 DH

N RERHIERN T A BUIEA OMEREL D bIEWEAEN LI LIEABN D, Z & B IAUG (LYR)Z 1T
LBE. ZREY BHIERNS K EWEEC IAULB(HYD). IAUL9(MON), TAU20(COM)2Sd %,

% 3% : IAUMDCNO.1-31 OFERIC OV TORMER

IAUNo. SonotaCo CAMS

1 0.36
2 1.60
3 0
4 1134
5 0.73
6 0.26
7 6.17
8 2.98
9 0.00
10 0.70
11 0.06
12 0.14
13 1.29
14 0
15 0.21
16 1.59
17 1.26
18 0.05
19 0.47
20 1.82
21 0.01
22 0.08
23 0.15
24 0.00
25 0
26 0.00
27 0.01
28 0
29 0
30 0
31 1.12
6.82
60.76

0.64
0.85
0
5.02
1.40
0.25
4.40
2.87
0.03
0.62
0.00
0.03
0.20
0
0.07
0.56
0.47
0.03
0.25
0.47
0.01
0.06
0.03
0
0.05
0.26
0.02
0.15
0
0
0.95
8.59
7171

CAP
STA
SIA
GEM
SDA
LYR
PER
ORI
DRA
QUA
EVI
KCG
LEO
XOR
URS
HYD
NTA
AND
MON
COM
AVB
LMI
EGE
PEG
NOA
NDA
KSE
SOA
DLE
PSC
ETA

alpha Capricornids
Sorthern Taurids
Southern iota Aquariids
Geminids

Southern delta Aquariids
April Lyrids

Perseids

Orionids

October Draconids
Quadrantids

eta Virginids

kappa Cygnids

Leonids

chi Orionid Complex
Ursids

sigma Hydrusids
Northern Taurids
Andromedids

December Monocerotids
Comae Berenicids

alpha Virginids

Leonis Minorids

epsilon Geminids

mu Pegasids

Northern October delta Arietids
Northern delta Aquariids
kappa Serpentids
Southern October delta Arietids
delta Leonid Complex
Piscid Complex

eta Aquariids

others

sporadics
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3. CAMS & SonotaCo v FDiELY
(N2

1. XU OIT) TR LD, WEIEH L
TWDEEMIZIE, D72 OBEVRH D, YR, K&
L R B LTV D CAMS O 3EFVEE £ T
2ONDEETTHY, BAEHORWL X120
SEEE S END Z LTINS,
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EEDREWHRITI RIS D EEZ NS,
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ICOWTHHES, ERUSERE L OBREZ R LEED
DTH%, SonotaCo F v b THIELS & B D E R
N7 AL TWAHP, SonotaCo % RO A5 LT3
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LTW5, MifEL 1T SonotaCo % v b D7 DN IR
ZIRNWE ZAETIZ TWVWD Z EITEREV, A
ORI TEDENNENLTHNDLDOE LR, 5
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T2 TWDEN, F4KTRIZ X 912, BRI CAMS O 7231 T 0.9 S VR £ TR X TV D D70
B, EEREIZIZ CAMS OF NN E A Em LS DO A TV THIWITTHL, 202 b, WEDHE
IR O FIEOZE M b D,

(PRI NIESES

B 1T, KGER 70~120 FED &7- 91X SonotaCo * ~ b X W { CAMS D N% < DItEEIEZ T\ D,
CHITHER O REEN KR E VN, 52 K TEHIZ IR, ~ULbt 7 2O ELER)N SonotaCo %~ kL D & CAMS D5 H
KL 7o TWAB DL, CAMS OB THIL TN D 2011-12 4ED 9 H 2011 AE XM RE & & (20 A 12TV S
Thol-Z ENFEFEEZ HL5, SonotaCo % v ki 2011-13 FE DB A5 L TN 5 72 912 H i D108
fmEhTna,
QY EBED EF « BEHIE D FIEDE

SonotaCo & v k CiX”ALL_SHOWER_NAMES” L\ 9 7 7 A MZ K > TIREFHNER DT LN TN D, F 4
FNRT L 02, KB 2 /R KGR O®PH, JREE - IRETR SRS A, HEHENEARTH D, i
TR R Lz, B9 LEEEE(STANI KGR T 178 FE(soll)2 & 275 FE(sol2) £ TOIEH IZ R\ IREIHM 218 E
LTW5,

% 43 : SonotaCo X v F A SN TWARERMDEREF"ALL_ SHOWER_NAMES”D—¥ % 7R,

_code _hame _soll _sol2 _solp ra _dec _dra _ddec vg R _dv JAU# _IAUcode

_J5.Cap _Alpha Cal 114.2554 138.378 126.1396 305.7054 -9.42002 0.498843 0.260231 22.35723 6 3 _#1 CAP
_J5.Com _Dec. Com 243981 311.1886 265.6826 159.7097 31.57298 0.794832 -0.32215 62.9684 6 4 #20 COM
_J5_etA _Eta Aqua 34.74393 68.66069 46.28019 338.3489 -0.76604 0.621568 0.290403 65.36826 5 5 _#31 ETA
_J5_Leo _Leonids 2209246 247.1227 2354331 1539164 21.85383 0.559125 -0.39007 69.96555 4 7 _#13 LEO
J5_ Lyr  _April Lyri 2426708 41.59422 32.53246 272.5742 33.17207 0.817925 -0.29445 46.66568 5 5 _#6 LYR
_J50ri  _Orionids 178.8869 234.0035 207.9266 9545098 15.52253 0.609658 0.013442 66.21321 4 8 _#8 ORI
_J5_Per _Perseids 119.0332 1604565 139.2121 47.18002 57.70816 1.165757 0.189175 58.7264 5 20 #7 PER
_J5_Qua _Quadrant 276.4105 291.086 283.1022 229.9551 48.96732 0.148969 0.166294 39.96465 5 6 _#10 QUA
_J5.sdA  _South. De 118.0303 145.4059 129.7355  341.88 -16.1768 0.619841 0.263918 39.41088 4 4 #5 SDA
_J5.sTa _South. Te 177.9942 2752837 219.7113 50.07141 13.36862 0.726863 0.161376 27.22767 6 5 _#2 STA

ZAUTH LT CAMS Tl Jopek @ Dy &\ 9 BUBEFE % Jic L CHIEFIEITDI TN D, DylZl FITRd
LT Dy DT H HEBEDOIRAZE LTz DO T, 2N EFH6 KR L) RUEBEFEOSAEEZIH L T,
TREEEOIEN Y ZEBNHWT LT D, S HITE, R - R K DA S mbFHL T, 85 LR ED
ANT R DT REEE 2372 0 I DEIL TV A, = 2SI EBOAS R0 5,

2 2
— I
[Dsu)* = (e2 — e1)* + (g2 — q1)’ [Du)? = (e, — e))* + (Zz " 31) + (2 sin%)
2 I
I\’ €2+€|)2( . 1_[21)2 2 ’
+ (2sin2t) + 2 sin—2 2
(o) (Y ) ety

BRI ED L9 etk 72 O TR ShTnzen 1 1 1 1 L1 1

73, "CAMS StreamFinder” & V9 Y 7 R & HVWTWA, |0 o sk
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(272 DARBF IR OM A2 T — 2 ZBRAN L. BAERERE [
LD AENTOERAZREH LB T &0l |

Fohsd & LTnD, 1

4. CAMS & sonotaCo Y kDT —RIZHB 5= ; o ] -%
ﬁt ’{}lx't"jx¥$0)ﬁl:\ - : ! & . . Qua i : - 80 :g
W T o fz O S BUANERS . Gk, BEHIE D ik shali R e -

EEWA $H D CAMS & SonotaCo % v kDF—Z T,
MEHORZFTIZED XS E RS L D), HiR
BINC 5T TR e 7 ABEA LY BIF Tl T
HZLlizT 5,

H 5 RICSTLIML LT AOFEFRIION 4 ‘ . i
TOfEHEA~T, SonotaCo = MIXFj# Tuk-~<7= 350 300 250 200 150 100 S0 0
X 9 IZ”ALL_Shower Names” C /& #& & 1 7= # FH |Z Longitude of Perihelion (°)

Ao TWB2, CAMS [ZIXRFENTFET D, Flx : ; ; S L3
(X AAs EB CREGZEH L& LT BIEEIE) 25 & MO : CAMS ORLEER (MBI LITH R3HE)
Min (F/IMiE) 232274 174.3 £-39.2, I AMENRZNZ4 305.6 £ 61.0 TH 5, Mean (CEHJfE) . Median (FF




Fo5FKa: STETHOBERIIOWVWTOFRE, SFEtED 11THIX CAMS, 24THIX SonotaCo X v b,

A—As B Sol long H beg H end Max Mv (nVg e q i ® Q 1/a

Min 1743 -39.2 2432 85.3 54.1 —-6.1 6.8 0.128 0.059 40 0.7 815 -1.792
195.8 1.0 236.0 50.8 405 -55 18.6 0.604 0.038 24 301.2 236.0 -0.221

Max 305.6 61.0 269.8 1176 1144 50 65.9 1.148 0.829 148.0 338.8 269.7 1.602
217.6 172 289.2 189.0 1730 3.9 485 1.036 0.346 55.9 340.3 289.2 1.290

Mean 208.1 10.5 261.1 97.0 85.0 1.6 341 0.891 0.144 233 324.0 261.0 0.749
208.1 104 261.4 94.5 80.9 05 34.0 0.890 0.145 23.0 324.2 261.4 0.754

SD 240 1.56 2.21 2.51 4.41 1.38 1.99 0.026 0.020 4.02 8.13 4.89 0.119
1.37 1.35 3.07 452 7.09 1.00 1.85 0.023 0.019 349 253 3.07 0.105

Median 208.1 10.5 261.7 97.0 85.5 1.7 33.8 0.889 0.145 229 3243 261.7 0.766
208.1 105 261.8 94.5 82.2 0.5 339 0.890 0.145 229 3243 261.8 0.763

BERD: BT AEDOEERICOVTORE, HHtat&D 14T7HIX CAMS, 24THId SonotaCo X v k,

A—As B Sol long H beg H end Max Mv (nVg e q i ® Q 1/a

Min 275.9 29.5 116.0 89.4 65.8 -6.5 53.4 0.609 0.819 97.9 126.8 1160 -3.265
274.0 30.6 109.8 571 457 -7.3 34.6 0.187 0.360 82.1 180 109.8 -0.909

Max 292.2 473 157.2 142.7 1158 4.7 84.8 4070 1.002 128.9 167.9 157.2 0.411
292.5 43.3 170.2 160.8 133.1 3.6 69.8 1.817 1.003 128.1 1718 170.2 1.407

Mean 2834 38.6 1379 1115 97.6 0.3 595 0.993 0.947 113.1 150.3 1379 0.009
283.1 384 138.2 108.3 935 -0.2 59.0 0.948 0.947 113.0 149.9 138.2 0.058

SD 1.85 1.77 5.54 4.04 479 1.52 240 0.218 0.020 2.98 499 5.54 0.226
1.83 153 573 415 6.07 1.12 1.98 0.123 0.031 2.89 8.22 573 0.143

Median 283.3 385 139.3 110.9 98.0 04 59.1 0.951 0.949 1131 1504 139.3 0.052
283.0 385 139.3 108.2 944 -0.2 59.2 0.956 0.951 113.1 150.8 139.3 0.047

RAE) LHERTHDE, ZORFEINDND, AEINTWDIHIEEZ AT HBEICTFEET LI E 72
SR, VT N EOKRMIrONEBIIAHTH B,
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L2 ENONDL, ZHUTEEED T — 57%17%%% (CAMS, SonotaCo % v bk DJIEIZ 57- Z#F 5,064 fiE, 11,804 &
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x X% X Nk
x x xixx%
x x < Xx XX %
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2. nTYAXRERNEE., vIUAXANUE)E., #UX VEHORE?
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As a final curiosity, a group of unusual Geminids was found to have relatively high ~39.5 km/s entry speed (7c
above the median 33.8 km/s of other Geminids) and a resulting high i ~ 28° and semi-major axis a ~ 1.5-3.0

AU (Fig. 11). Based on the medium measurement error, we expected only 3 such outliers. These are here called
here the December p-Geminids (#641, DRG).
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SonotaCo & v h D A L NR—TRWEHF LT — X ABORIEIZTE) > TWDH D705, SonotaCo 1 v kD2
KILFAZHRTT B EEE RWDICHRE L2,

IAUMDC @ “REERE” IZOWTOMBEIZZT=ZUE Y _EiFTna 23, 4 lElid SonotaCo 1+ ~ 10 M D
WZEZELT el OFEELR TV Z&ItT 5,

2. “FEER" ORRE

No  Code Name No  Code Name No  Code Name No  Code Name
1 CAP  alpha Capricornids 96 NCC  Northern delta Cancrids 206 AUR  Aurigids 337 NUE  nu Eridanids
2 STA  Southern Taurids 97 SCC  Southern delta Cancrids 208 SPE September epsilon Perseids 338 OER  omicron Eridanids
4 GEM  Geminids 100 XSA  Daytime xi Sagittariids 212 KLE  Daytime kappa Leonids 339 PSU  psi Ursae Majorids
5 SDA  Southern delta Aquariids 102 ACE alpha Centaurids 221 DSX  Daytime Sextantids 341 XUM January xi Ursae Majorids
6 LYR  April Lyrids 110 AAN  alpha Antliids 233 OCC  October Capricornids 343 HVI h Virginids
7 PER Perseids 128 MKA  Daytime kappa Aquariids 242 XDR  xi Draconids 346 XHE  xHerculids
8 ORI Orionids 137 PPU pi Puppids 246 AMO alpha Monocerotids 348 ARC  April rho Cygnids
9 DRA  October Draconids 144 APS  Daytime April Piscids 250 NOO  November Orionids 362 JMC  June mu Cassiopeiids
10 QUA  Quadrantids 145 ELY  eta Lyrids 252 ALY  alpha Lyncids 372 PPS phi Piscids
11 EVI eta Virginids 151 EAU  epsilon Aquilids 254 PHO  Phoenicids 388 CTA  chi Taurids
12 KCG  kappa Cygnids 152 NOC  Northern Daytime omega Cetids 257 ORS  Southern chi Orionids 390 THA  November theta Aurigids
13 LEO Leonids 153 OCE  Southern Daytime omega Cetids 281 OCT  October Camelopardalids 404 GUM gamma Ursae Minorids
15 URS  Ursids 156 SMA  Southern Daytime May Arietids 319 JLE January Leonids 411 CAN ¢ Andromedids
16 HYD  sigma Hydrids 164 NZC  Northern June Aquilids 320 OSE  omega Serpentids 427 FED  February eta Draconids
17 NTA  Northern Taurids 165 SZC  Southern June Aquilids 321 TCB theta Coronae Borealids 428 DSV December sigma Virginids
18 AND  Andromedids 170 JBO June Bootids 322 LBO  lambda Bootids 431 JIP June iota Pegasids
19 MON December Monocerotids 171 ARI Daytime Arietids 323 XCB  xi Coronae Borealids 445 KUM  kappa Ursae Majorids
20 COM  Comae Berenicids 172 ZPE Daytime zeta Perseids 324 EPR  epsilon Perseids 446 DPC  December phi Cassiopeiids
21 AVB alpha Virginids 173 BTA  Daytime beta Taurids 325 DLT  Daytime lambda Taurids 506 FEV  February epsilon Virginids
22 LMmI Leonis Minorids 175 JPE July Pegasids 326 EPG  epsilon Pegasids 510 JRC June rho Cygnids
23 EGE  epsilon Geminids 183 PAU  Piscis Austrinids 327 BEQ beta Equuleids 512 RPU  rho Puppids
26 NDA  Northern delta Aquariids 184 GDR  July gamma Draconids 328 ALA  alpha Lacertids 524 LUM lambda Ursae Majorids
27 KSE  kappa Serpentids 187 PCA  psi Cassiopeiids 330 SSE  sigma Serpentids 526 SLD  Southern lambda Draconids
31 ETA  eta Aquariids 188 XRI Daytime xi Orionids 331 AHY  alpha Hydrids 529 EHY  eta Hydrids
33 NIA Northern iota Aquariids 191 ERI eta Eridanids 333 OCU  October Ursae Majorids 530 ECV  eta Corvids
61 TAH tau Herculids 197 AUD  August Draconids 334 DAD  December alpha Draconids 533 JXA  July xi Arietids
63 COR  Corvids 198 BHY  beta Hydrusids 335 XVI December chi Virginids 549 FAN 49 Andromedids
69 SSG  Southern mu Sagittariids 202 ZCA  Daytime zeta Cancrids 336 DKD  December kappa Draconids 569 OHY  omicron Hydrids

Total: 112 established showers.
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