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The  International Meteor Conference 2003 
communicated by Jiirgen Rendtel 

~ ~ ~ . . . .~ ~ ~ ~~~~ ~ ~~ . .~ ~~~ . , 

IMC 2003 is planned t,o take place in Bollmannsruh-a host'el situated near the town of Braii- 
denburg in Germany, vest  of Berlin. The local organizers are the German .Arbeitskreis Yleteore 
e.\'-. -4s usual, the IIVC will start on Thursday evening (Sept'ember 18. 2003) and end on Sunday 
noon (September 21. 2003). Thc program includes t'he General -4ssenibly of the Int'ernat'ional 
h'feteor Organization ( I M O ) .  
SeTreral IiVO members and long-term met,eor enthusiasts remember t'hat the IMO was founded 
in 1988 a t  an IMC in Oldenzaal: the Netherlands. IMC 2003 marks our 15th anniI.ersary-a 
good opportunitj- to  look back (nitli lot,s of pictures) and to  plan for t'he future. 
The hostel in Bollmannsruh provides accommodation for at, least 60 participants in bungalows 
with shower and toilet and a winter garden. For the  conference we will use a lecture hall for 
(nominally) 120 people. Posters can be placed in t'hat room as n-ell as in the lobby out'side the 
lecture room. -4 cafe and a bar are in the same bidding. Further facilities include a place for a 
cmipfire and barbecue as well as an open air stage. 
General and traT-el information: the location for IMC is situat'ed about 15 kni northeast of the 
t,owii of Brandenburg in a rural area bj- a lake. It can be reached by car from the -42/E30 yia 
I3randcnburg (about 30 ltm) or from the -AlO/E55 (aboiit 23 l m ) .  There is also a bus sen-ice 
fro in Brand e nbu r g to  P an-es i 11 / B o 11 iii an n s r u 11 . 

From Berlin t o  Brandenburg there is an l io i i r l~~  railn-a!- coiiiiection (tra\.el time about 45 miii). 
Paiticipaiits n-ill be collected froin the Briiiidenburg st at ion. Special arl'aligelneliTs can he  inade 
a s   ell. Dctails such as timetalilcs for trains and buses will be aiiiiouiiced in later circulars and 
t l ip  IJfIC KPI-, page n.hich is under preparation (see tlic IJ1O 1w1i p a g e  for the rcleTant liiilr). 
This also holds for the  complete iiiformatioii regarding 1-isa rcgulations etc:. 
Estenciocl s t a ~ - s  before and/or af't,itr IAUC 2003 at  tlie confcreiice site or a t  other locatioiis iii 

Gclniany c a n  be arranged. The local organizers are prepared t o  assist J-ou. 
\\'cr.,tlier is chmgcab!e in September as a1n.a~-s in Ceiitral Eui,ope. Eieiice J-ou s'liould be prepared 
not only for siiniiy daj-s 11~1~ also for raiii. Hon-e\-er, in recent )-ears tliis period has rcmaiiied 
~ ~ i i r i i i  aiid suiin>-. Temperatures are  iieT-cr below freezing point aiid s i i o ~  has iimver occurred a t  
tliis t i ine.  The a ~ - e r a g e  aft,eriiooii tcnipcwture is about lS°C, t,lie a~-erage miniinum about 10°C. 
Swimming in the nearby lake is possible: m t e r  temperature depeiids on tlie suiniiier aiid maj- 
he 15 or even 20°C as in 2002. 
Program of I!2,c(C: we iiit,eiid to iiir.ite a spealicr for a iiiet,eor related t,alli. Of co~irse' me will also 
try to  establish a prelimiiiarj- program n-ell in advance. This depeiids on tlic aiinoiiiiccmeiits in 
the (pre-)registrations. The last years' Lcoiiicl returns n.ill certainly be a main topic. But do 
not forget, the  many other aspect,s and also n e w  project's. 
Oiir cscursioii will go to Berlin where n-e plan to  Tisit tlie meteorite collection of the ALuseum 
for Xatural History. This iiicliides a lcctiire 011 iiieteorit,cs aiid other rocks which look 1-ery 
siiiiilar and a vicv 11ehind the scciic: as well. One escmirig is rescrved for a campfire arid ia rbccue  

As in prc~-ious >-ears, n-c offer a n  eai l j .  rcigistration fec for tlic critirc coiiftwncc. including ;-~ccoiii- 
iiiotlatioii imcl full board (Tliurscliiy e\-cniiig to  Suiitlay noon) a s  nel l  as the Proceedirigs for 115 
EUR. The deadliiie for early registration is July 31, 2003. Participaiits registering l a m  should 
pay a late registrat'ion fee of 130 ECR.. Reduced raws iiiaj- be  arranged on request. 
1I.C look forn.ard to seeing you at' 1;UC 2003 in Gerinaiij-. Please do not liesitate to  contact t,he 
organizers if J-ou have questions or problems need t,o lie solved. 
Lleinbers of the local organizing cominit,tee: Frank Enzlein, S~.en Niither, Ilia Rendtel, Jiirgen 
Reiidtel' llaiiuela R.endte1. 

11 CII' 11 or i 11 i i t, i ii g j . 
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International Meteor Conference 
Eollmannsruh, Germany, September 18-21, 2003 

Registration Form 

Each individual participant should fill out a form and return it to  Ina Rendtel. Mehlbeerenweg 5. 
24469 Potsdam. Germany. as soon as possible. \'our registration will be guaranteed only after 
Iria Rendtel has received the niiniinum pre-payment of 50 EUR. If you wish to  paiticipate. but 
cannot j ret decide. siniplj- return this form nrith the proper option checked to staj on the niailiiig 
list for further circulars 

S a m e  : ~ _ _ _ _ _ _  Birth date:  

o n-islies to  rpgister for the 2003 I;1lC froin Sept'einher 18 to 21: 

o intends to participate. cannot !.et register. hut ivishes to stay 011 the iiiailing list. 

Plcasci sond y o ~ i r  payrnciir l o  t,he Treasurer  or oiii: of licr iis :its as indicated bcloiv: 
e i i i  h r o p c :  pay i i i  EUR 1 0  h a  Rendtcl. account nii lnbcr 517234107 at Postbank Berlin. bank code 10010010. l o  hank  Ch(!ckS; 

i n  rlie UK: proceed as above or pay 10 ;\lastair LIcBeaili, 12.1 Prior 's  \2'alk, I lorpet l i ,  So r t i i umber l a i id  NE612RF. England.  
* in  Japan: pay 1 0  llasaliiro Koseki, 4 3 - 5  .-\n:iaka, Xnnaka-shi, 379-01 Gunma-ken.  Japan .  
* all othrrs  pay i n  USD to Robert Luiisford,  161 \'aiice Si.reet,. Chula Vista: California 01910, LySA. In case you pay by bank 

picase! (I3aiik cliccks can only b p  sent to Robert  Luiisford.  sce beloiv.) 

check, make it payable to Robert  Luiisford, n o t  t he  I M O !  
l'i?(Jple l I J Z S h ~ 7 1 ~  l o  7m7j a71 other  currenc2e,y s h o d d  contact t h e  appropriate ILIO c o n l a c t  persoir l o r  ezcliairye rates. 
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Type  of suhscrzptzon 1 2003 

201 

2003 + 200-1 

Renew Your IMO Mernbership/WGN Subscription Now 

Conibinetl subscription ( WGX> Report)  i 30 EUR/ESD 
Also lmcsible outside Ewrope: 

40 EUR/TJSD 
I 50 EUR /USD 

R e g ~ i l ~  subscriptioii n-ith airmail deliver!. 
Combined subscription with airniail cleliiw>* for TVG,?‘ oiil!, 

G O  EVRiCSD 

SO EUR/USD 
100 EUR /USD 

Membership Application 
Yes. I n-ant TO join the International 1Ieteor Organization. i agree Tvitli the ob,jecrii.es and the coiisritiitioii of 
tlic orgaiiizatioii iiiid wish to  becoiiic? a n  associate nieinbcr starting .Jaiiuar>. 1: 20_---. i uiiderstand that. in). 

canclidac!. for voting membership ivill be subiiiirtctl to tlic nest iiiectiiig of the General -A?sseiiibl!.. 

First name: 1Iiddl(~ Iiiitial(s): Last Saiiic’ ___- . .  

I lial-c special interest in: 
0 Yisual observations: ___ ~__._~~__ ~~~_~__._____ _ _ ~ ~ ~  _ 

0 pliotoglaphic: obseri-ations: ~~~ ~ _ ~~ 

0 telcscopic observations: ~_ ~~ ~ ~~ ~ ____._. ._ 

0 vitlco olmrvations: ~~~ ~~~ ~ ~~ ~~~ ~ _ _ _ ~  -..---. . __ 

0 WGIV surface mail EUR, 20/S20 
0 lVGN airmail EUR 40/S40 
0 Combincd subscription: surface inail EUR 30/$30 
0 Combined subscription, air inail EUR 50/$.50 

1s: ~~ ~.~ _ ~~ ~~ ~~~~ ~~ . ~ ~ ~ ~~ ...~ ~ 

I request the following t,ype of membership and/or ortler the follon.ing piiblications: 

___-__ _--_ ____._~~ hfethod of pa>~ment :  ~_ 

~ ~ _ _ _ _  Read and approved, (date and signature): ~ _ _ _ _ _ _ _ _  
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Let t'ers to  WGN 

Comments on combined VLF radio and visual observa- 
t ions, 2001 Leonids 
Alastair McBeath 

~ ~. . .  . ~. 

I w a s  interested to  read i n  George Drobnock's paper in October's W'GIV (Drobnock 2002) that  
some correlation b e t w e n  individual \.LF radio sigiiat'ures and 1-isual meteors seemed to  be 
apparent. I t  n-odd ha\-e been useful to  hal-e had inore da ta  on the nature and niiinbers of 
such coincidental e\-ent,s, and I hope George might, be persuaded to re-examine his results aiid 
present some further findings in  t'his respect. However, I feel the latt'er stages of the more general 
qualitative analjysis he did gi\-e, are open to an alt'ernatii-e interpretation than that  \-isual-radio 
Lconid rat'es declined steeply after the  first storm peak. 
For instance. other Nort'lri .American data shows declining Leonid rat'es ~ ~ e i ' e  still at  roughly st'orm 
leT-el unt,il - ll"30" LT on No\.ember 18, 2001, far abo1.e their - 9'' LT streiigtli. BJ- contrast, 
George's main results graph. Figure 3: shows a steep drop in both 1-isual and \!.LF rates t o  around 
or l~elon- their - 9'' UT level. 13~7 the t,iine oliser1-iiig ended at  11''30ln LT. Certainlj-, the nonlinear 
time (x-) axis aiid irregular labelling mal;es interpreting Figure 3 difficult ~ but this is a curious 
discrcpanq-. If we assuiiie a site in central PennsylTmiia is at  about o = 78". X = 41' N! give 
or t'akc a degree 01' tTm. astronomical tn-ilight woiild liegin arouiicl lO"30'" CT on Xoo\-eniber 18. 
iiic,reasiiig tliereafte1 uiitil siiiirisc at. aboiit 121100"' CT. Diiring this pei,iod. obser~-ed meteor 
rkites ~1.0i-i l~1  ha^^ t l l~opj id  sharpl~- '  much as seenis to ha\-e been ~ e e i l  Tis1iilllJ-. This siiggcsts the 
drop in Figure 3 m s  not so much a pli~-sical ineasiire of 1-isiial Lcoiiitl l ) ~ I i a ~ - i o i ~ i ~ .  but liirgc.1~. 
r cs i I 1 t e d i ii s t, e ?I cl fro 11 i d e t c r i or a t  i n g o bs e r 1-i n g c o ii cl i t io 11s I 

gc t h a t  t I i o  1-LF radio rate also tlroppctl s l i ;~rpl~-  as tlan.ii iipproachctl. I-LI-- rc~cc~ptioii is 
affectocl 1))- atiiiosplieric eflccts thaii iiiaiij- other tj-pei; of radio sigiiiil' so it is iiii1ilxdJ. 

2111~- iiifliicnce. 111 a ~ l ~ v  case. the ~~cll-l i1io~\~i1 diuriial increases iii radii! propagat ion 
iioisc and sporatlic, acti1.it.i- at arouiic~ @ * 2 1i local solar time (= 11" 2 11 c r  for central 
Pcmisj-lvaiiia): shoiild have caused rates i o  incrwise., riot dec:rease as 1 rcport8ed. Tlic Lconid 
radialit's cii1iiiinat)ion at  this site n.oiild lie at  - 11'1301n UT. aiid it j. l x  this was tlie real 
cause of much of' the \'LF Iates drop. For a mrietj.  of reasons. radio observers ofteii fiiid that, 
the  hoiirs nearest a radiant's culmination sce det,ected metxor echo couiit,s from t.hat. soiirce fall 
sigiiificmtlj-. I)efo1,c rising again as t,hc shower radiant passps  further into tlie western slq-. 
O ~ ~ r a l l .  tlie post-st'orni pea,li resiiltls presented grapliicallj. shon- features which are be 
plaiiiecl by lion: and R-lien tlie observations n-ere made, and give a lesser indicat,ioii of rcal f'eat,iires 
iii the 2001 Leoiiicl showcr. This does not ilccrease their ut,ility or int,ercst merely t,licir int,crprc- 
tatioii. I hopr Goorge aiicl his colleagues will contiiiiie t,heir \TLF-.i-isual observing aiid analrsis 
for otlicr meteor shon.ei~s in  fiit'ure' so TYC iiiay learn more aboiit \7LF-protlucing i.iieteors. 

Rue fe I- f? 1? c e s 
Drolirioc li CT %J . 2002. '.\-LF Signcltiil(>s fioiii noii-Fireball Llcteors - Obscisatloris fioiii tlic 2001 

Lconid Slionei". TIrG-?- 30 5' p p  152-156 
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Response to  Comments from Alastair McBeath 
George John Dro bnock 

. ~ ~ ~~~~~~ ~ . .. ~ .. . . ~ ~ . . ~ ~ ~- ~ ~ ~ ~~~~ ~~~ ~ ~ . ... ... - ~ ~~~~ . .. . . . ~ ~~~ . 

Our  intent (Drobnock, 2002) was t,o identifj, a relat#ionship between meteors and L'LF signatures. 
T h e  lit,erat'ure about meteors and \;LF electromagnetic radiation is strong ton.ards the devel- 
opment of verj- lonr frequency electroinagnetic waves tha t  produce a n  electrophonic sound. The 
general acceptance is one metmeor of magnitude -6 or bright'er will produce (under proper condi- 
tions) a n  electrophonic noise. Contrary to  the fireball induction of J'LF energ). is t'he work of' 
Price and B1~i-n (2000) that, indicates the detection of electromagnetic impulses in t'he ELF/'\'LF 
spectrum, with visual magnitude not a major factor. 
Our premise is - all meteors ent'cririg t'lie atmosphere produce electromagnetic energy in the 
V L F  end of t'he spectrum. 
The  st'uclp of the relationship between nieteors and the creation of electromagnetic radiation is a 
challenge. Fosciiii (1998) iiidicat'ed t,lie stiidj- of meteors by radar and forward scat'ter reception 
by 17HF receivers is accoiiiplisliecl by the  ionizat'ion process and the creation of plasma. The 
ionizatioii and creat'ioii of plasma releases electrons tha t  in the process release energj-, some of 
which ma!- be released in t8he form of radio frequency elect,roinagnetic energy. 
To ansiver Alastair's comments, the graph in question, Figure 3:  was produced to illustrilte the 
general correlat,ion obseriyed cliiring tlie Leoiiicls of 2002. -1s i.isual meteors entered the atiiio- 
sphere, dming s torm conditions, thew n.as a corresponding i-ery l o i ~  frequeiicy elect,roixagnetic 
increase. Tlie graph from 10:30 UT t o  11:30 UT was an interpretation. There ~ v a s  conc:erii tic: 

clan-n approachecl as to the influelice of' t h e  lieatiiig of t,he a t  niospliere 1.1). the siiii and iiicrcjasecl 
s fc r i cs . 
Clieriiaii (1978) indicates a solar ~ ~ i i l i ~ ~ i i c ( ~ i i . i ( ~ i i t  of tlie atmospliere liefore sunrise. l17i1 I1 oiir in- 
striinieiitation. we w x c  noticing aii iiicri~asc in hiickgrouiid '.noise" . Froin tlic tiegiiiiiing liascliiic. 
as  d awi app r oacli ed . t lie ba ckg r o LI n tl  1 r x ~ l  TT'X i 11 creasing . 
Our obscri-atioii site (-10'22' X. T8"lO' \Iy) T Y ~ S  located in a siiiall i d c j -  t ha t  allonecl a 1'30 dcgreo 
iricnv of tlie slq.: a n d  n.e TI-ere within -100 meters from a lake. 
Oiir obseri-atioiis, l k a l  and instruniental~ stopped a t  5:35 -431 Eastern (10:35 UT). the reason 
n.as tlie clevclopment of earlj- iiioixiiig fog. beginiiiiig to becoiiie visible aboiit 10:31 LT: and the 
coiiccrn vi t l i  ~ 1 1  increase in sfeiics as iiieiitioiied abo\-e. 
Oiir observers did coriiiiient about tlie apparent iiicreasetl activitj. a t  10: 16 UT t o  the n 

ST-e prepared for the 2002 Leoiiicls with cspcctatioiis t o  repeat, t he  methodology of 2001. SVc 
unfortmunat~cly xe re  not able to  ohtain the same results. Our difficiilty in repeating the obser~-a- 
tioiis were geographic locatioii and wat,licx. 1S-e clo plan t.o re-examine the  information collect,ed 
in 2001. 
I waiit to t'liaiik ;Ilastair for liis coniiiionts. 

ion sit'e. Tlie act,ii-ity i ~ a s  increasing by 10:39 CT. 

R e  fe r e  n ce s 
Diohnotk CT J ~ 2002. ..\.LF Sigiiritiiic5 fioiii lion-fircliall l l c teo i i  - Obsc.ricitions from tho 2001 

Piice. Coliii & B l u ~ i i ,   los she, . 'ELF/lTLF Radiation Prodiiced B j y  the 1999 Lcoiiicl LIcteors" . 

Foscliini, L ~ accepted 1998. '.On t h e  intcixt ioi i  of radio wai.es w t h  inctcoiic plnima" ~ Astron- 

Chernan, C A 1  . 1978, '.Handbook of Solar Flarc lronitoring and  Propagation Forecasting" . T.AB 

Leoiiitl Slionci". Ti-GJIT 30 5. p1) 152- 156 

Earth. L1loon, Planet5 82-83, p p  43.1-354. 

omy and Astrophyszcs 16 DcccrnbPr 2001. Internet PDF file 

Boolts, Blue Ridge Suminit , Pa 
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November 14- -15, 2001 Radio Peak Probably Not Due 
t o  Iota-Aurigids 
A 1 as t azr Mc B eat h 

Huan LIeng ieported a ZHR of N 14 i 5 around 23h UT on November 15$ 2001, which he 
attributed to  the possible nen minor shomr  of the i-;lurigids (hIeng 2002). -As will be seen 
elscn-here in this issue (LIcBeath 2002), I found an unusual radio peak on Sovernher 14-15. 2001. 
chiefly in some of the  European and North American results frorri the Rndzo Aleteor Observation 
Biillefins I hale re-examined the radio data in light of hleiig's report, but unfortunately. I can 
find little to support the proposed L-ilurigids in 2001. Only one dataset. that of Stan Kelson in 
Sen-  hiesico VSX. 5hO~ed  a strong spike iii echo counts a t  23h-0" CT on Xovember 15. although 
the assumed iadiant, suggested as within a few degrees of CY = 76',6 = +36'. was well below 
his horizon thcn. so this cannot have been the source Indeed. Stan's data infrequently shon-s 
an unexpectedlj- strong spike in rates at some point between roughly 23"-1" CT. presumably 
due  to some unidentified interference, so this would not be significant an! way. unless other 
observations supported it. European obsenrers. for whom the supposed radiant area was well 
abo.ie the horizon. iecorded nothing out of the ordinarj- near this time 
Loolmg at TT hen the other datasets shoned their increased counts on Ko\enihei 14-13. there is 
<I lic'ttei fit t o  the Leoiiids than the potential L--Aurigids) as these gcncrall!. match the tiiiies that  
stioiig Lcoiiid iatcb weie detc.cted on subscqiieiit dates This is 1101 unexpected, as increased 

ni<iiii Lconicl pc~al; aiouiid X-  = 234"-235" (in j ears liefoie tlie stoiln iiiasiiii;1 began occiiiiing) 
Gi] eii that  Jaliriile~e iesults indicated 1 1 1 ~ 1  cnietl blight T isual Lcoiiicl n u n i l ~ ~ i s  011 101 c i i i l m  13. 
t l icie ieeiii5 l i t t lc  iiecd to i n ~ o k e  another ioiiicc to c?CCouiit fol the i i ic ica ic~l  radio counts on 
 lie i m i c  clatc -A> iaclio olxer i-atioiis arc appaic'ntli- capable of (lc>t(>ctiiij: i1iiiioi sliowei s with 
ped< i-isiial ZHRs - 3 or loner a slion.ei nitli ZHRs - 10-13 ihoi i ld  h a ~ c  been icrltlilx- found 
in iiiost datasets wlieie tlie iadiant was iadio-J isible Its absence suggests h T e i j  iniirh n ~ d k e i  
ic\Te. peilia1x eTen nothing at all. fioiii this pioposcd shon-ei in  2001 

- 

l i a ~  c 1 1 ~ ~ ~ i i  f'o~llid ~ 1 0 ~ 1 1 ~ 1  X I  = 233" iilicc 1993 as pc?it of the Act11 it! l('ad11ig 111 t o  the 
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The Leonids 

Bulletin 18 of the International Leonid Watch: 
Preliminary Analysis of the 2002 Leonid Meteor Shower 
Razner A r k  Vladzmzr Krumoc. Andreas Buchmann. Javor Kac and Jan Verbert 

- 

Xn analjsis of visual observations calming 528 observing hours n i t h  57013 Leonids logged by 207 observers from 
37 countlies is presented The activit> peak time of the 7 - m  olutioii-old dust trail of Cornet 55P/Ternpel/Tuttle 
is found a t  4”10”’ k 1 miIi CT on November 19, 2002 The peak time of the 4-revolutioii-old dust trail 1s found a t  
l O ” 4 7 ” ’ ~ l  iniii UT on Sovernber 19. 2002. \.isual activity leached ZHRs of 2510k60 and 2940i210 respectively. 
The full nidths a t  half maximum are found to be 40 minutes for the T-rel.olution trail and 25 minutes for tlie 
4-rel.olution ti ail 

1. Introduction 

The fifth !year of impressive activitj- of the Leonid ineteoi- shower in a row has again seen a 
large number of observers reporting their results to  the global database of the I M O .  Two major 
p e a l s  of activity m r e  predicted bj- seI-eral researchers. T’le coinpile the predictions as they 
were 1uion.n right before t,he maxima a t  the end of this Paper  and coinpare theiii with tlie 
ohservatioiis. Prcclictecl times 1 -a r id  between NOT-ember 1!3> 031‘-18n’--01”041T1 UT for the first 
p e al; an (1 1 0’1 2 3”’- 1 0’14 7”’ UT for tlie seconcl peal;. The  first maximum was derii-ed froni the 
evolulioii of‘ t he  dust t,rail of 1767, i!,jected hy the parent comet, 3~PiTenipcl-Tut, t le near its 
perihelion passage ses.eii resulutiom ago. The second riiaxiiiium origiiiiilcs in the i-re~-olutioii-  
old dust  trail of 1866. IIIiile iiiost of tlie predicted timings arc results of iiiimerical integratioiis 
o f  nietcoroitls. the prcclic 

The present, analj.sis is lxised OII the 1-isiial meteor data report ecl 11;- 207 olJserl.ers from 

d 11 i e t e o I’ iii I in12 c rs a r e chief 1 J- p li e 11 o in  e 11 o 1 og i c a 1 . 

Algeria: Austria, Belgiiiiil. Brazil. I3ulgaria, Caiiacia, China. Croat ia ,  Czc~ch Republic, 
Denmark. Estonia, Finland. France, Germany, Greece. H~iiigarj-. India, Ira 
J a p a n .  Jordan, L ~ i ~ e i i i b o i ~ g .  11ac~idoni;i. AIalta. tlie Setlicrlaiids. K o n ~ a  
mania, Russia, Slovakia, Slolwiia. Spain. the UK. Ulcraine. the LS-1. a d  

T h e  input of observing reports into tlic V?iswal iWeteor Databa,se is far froin conipletw. Xeverthe- 
less. TT’C ~rould like t o  present il preliiiiinary anal)-sis of the population index and aeti1:itj- of the 
2002 Leoiiitl iiietxor slion.er from t he clirrent data set. 

2. Analysis 

11-e performecl a first computation of the  population index profile. The usual algorithm with an 
adapti1.c) bin size is applied. The optirriuin meteor number for the algorithm n-as set, t o  1000 and 
rhe niiniiiiiini stcp size was set to 15 minutes. TT’e deriT.ed t’hc profile slion.ii in Figure 1. Lon. 
populiit-’ioii iiitlices, i .e. a large fraction of liright meteors. w r c  recorded froin Asiaii geographical 
lorigit utles b ~ f o r c  the first p r e d i c t d  peiik. -4 TWJ. st,eep increase of r was obsen-cd unt>il r? highest; 
\-aluc of I’ = 2.53 & 0.06 (7-revoliit,ioii diist trail). 

The popula,tioii index t,eiids t o  decrease. although the -Atlant’ic d a t a  gap docs not provide a 
conclusive value lietween A:, = 236?’7 and 236”. X very high r-value is reached iiear tlie 
predicted -American peak with r = 3.0 6 0.1 (4revolutioii trail) .  The number of observers 
providing magnitude est’imates for the meteors is much smaller t han  in Europe. The rna,ximum 
r-1-alues for the same dust  trails as observed in 2001 ivere T FZ 2.2 for bot’li peaks (Xrlt et  al. 
2001). 
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The bad influence of the LIoon may hal-e increased the population indices. \Ye checked a similar 
profile obtained from observations with limiting magnitudes (1.1) better than or equal to  +5.0. 
The two peaks in r near the predicted maximum times indeed decreased. but by less than 0.1. 
\ ITe nil1 thus adopt the original r-profile of Figure 1 and postpone a more thorough study of 
perception effects under moonlight to a later analysis. 

The actii.itj- of the 2002 Leonids is measured by Zenithal Hourljr Rates (ZHR). This is a meteor 
number extrapolated to  one hour duration which a single obser\w n.ould see under a skj. with a 
limiting magnitude of +6.5 and with the radiant exactly overhead. The scaling to  t 6 . 5  inYol\Tes 
an enormous extrapolation of observations under the bright \ loon. hecause limiting magnitudes 
ale significaritl~~ lower than +6.5 in all obsenrations submitted. -4 huge fraction of 40% of the 
obseiviiig periods have lni < $5.0. -A mere 3% of the intervals ha1.e lni > 46 0. 

3.1 

3.0 

2.9 

2.8 

1.7 

2.6 

i' 25 

2.4 

1.3 

7 9  -.- 

2 .  I 

2.0 

I .9 

336.1 236.1 236.3 236.4 236.5 136.6 136.7 236.8 236.9 237.0 237.1 
Solar Longitude (2000.0) 

Figure 1 ~~ Population iiitles profile of the 2002 Leoiiids. Lon. \values denote large fractioiis of briglit 
iiictcors; large values reprcsciit large fraci;ioiis of faiilt, meteors. 

Tlic low liiiiitiiig magnitudes make t'lie absolute actis-it). les-el of the 2002 Leoriids in terms of' a 
Z H R  x.irtuallj. iiiac;cessible. -4 comparison of ZHR, profiles froni al l  o1)scrvatioiis arid from those 
n-itli limiting iiiagnitiidcm better tliari or ecliial to  f 5 .0  is shown in Figures 2 and 3. The graphs 
arc' f'oiiiitf bj. mi adaptive-bin-size aT.eraging. The adaptivcritm is, llon-cver. liiiiit,Pd to a miniinuni 

t11i.s: I!liilimiLm is ~ ~ ~ n ~ r a l ] ~ ;  rcaclie:]. Iiin size of 0?0023 or 3.6 miniit 
or  iinrnbers in each average csccecl 1000 near the European peak and n ~ x  above 100 near 

thc -4nic->rican peak. -4s alleac1:- mentioned. the European peak (7-rcs-olution trail) is costred by 
inore ohser\.at'ions rhan t'he -4rnerican (4-rcvoliltion t,ra,il) ~ and still the pile of European datm 
waiting for utilizat'ion is t,lie largest. 

Comparing Figi1rc.s 2 and 3 immediately reveals the iincertaint,ies caused 113- the low limiting 
inagnit~udes. Since low lm tend to  pro\.iclc higher ZHRs. we may suppose that, 

b""" " 
Dllr.iilg t11r t,n.o p 

( i )  the  low hi1 are a result' of underestiinatirig the sky qu a I '   it,^': or 
(i i)  t'lie population index is not constant from +-l t,o +6, 
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Table 1 -- Sumerical listing of the 2002 Leonid results. The population indices are interpolated 
from Figure 1. The ZHRs are taken from Figure 3 .  Note that  thzs sample  is 1zmited to 
obser\ing periods with limiting magnitudes better than +5.0. Solar longitudes refer to 
equinox 52000.0. 
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The a-alue of T may have been high for relatiJ-elj. bright magnitudes (saj- magnitudes 0 to i d )  
and decrease for magnitudes +d to  f6,  as was observed in 1999 (Arlt et al. 1999). ITe should 
not forget that  the highest limiting magnitudes reported ma!- also be inapplicable, because it is 
definitely possible that obserl-ers. especially inexperienced ones. unconsciously try t o  reach their 
usual lm despite the hloon. A good lm does not always mean a more reliable lm! 
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Solar Lol l~l l t ldc (2000 0) 

Figure‘ 2 - ActiviiJ. profile of rlic 2002 Leoiiicls in rcriiis of r l i c  Zenithal Houri!. Rate .  .All ol)serJ.iiig 
periods n i t h  a iiiiisiiniiiii corrcuioI i  factor of 10 ii11tl a niiiiiiiiuiii radiant elevation of 20' 
n ~ r e  used. Iinplicit,li.~ 1111 2 14.0 l ~ e c a u , ~ c i  tlic I7Zsiicil Meteor.  Datiibase does not store 
observiiig p r i o t l s  loggcd iintlcr p o o r ~ r  coriiiitioiis. The ininiinuni size of averaging 
ninc1on.s is 3.6 iiiiiiutcs. hut  ilia!. iic larger for periods in  which i lara are less abundant. 

Thc srriit,iny of this problem goes bej-ond t h e  scope of this first analjrsis: we swggest n,ssu~m,,in,,q 
thi? penk iialues of Figisre 3 t o  be the m o s t  i d i d l e  ZHR estimi 7. 7Jlcse are '2.510 & 60 for the 
i -revolution (hist t>rail and 2940 i '210 for t,hc -i-revolut>ion dust, trail. These 1-alues are somewhat. 
liiglicr than reported in the first Leonid Circular (Krumoa- et, al. 2002), liecaiise smaller averaging 
bins could be used here. 

- 

Bciaiisc of the s i z  of the Earth,  different locations oncounter t8he center of the meteoroid stxeam 
at  tliff'creiit times. -4 correction for tlic topoceiitric stream encouiiter must be applied. For t'he 
Lconitl meteoroid stream, these corr ,ioris alc of the older of a feirr miiiiites--t!,pically shift,ing 
thc ohservcr's cloclc time to an earlier t,opoccntlic moillent. For example, observers in N o r m y  
S ~ T Y  the  Europcaii peak about, 5 niiriiitcs before colloagiies in soutlicrn Spain or on l ia l ta .  The 
larg.  fraction of observers in soutlicrii Flaiice saw the peak 1.6 to  2 minutes carlicr, n-hile the 
groiip in .-\lgci-ia cwcountercd the  peak 0.7 after t-,opocentric encounter. 1,L-e a,pplied the correction 
for topocent'ric encounter to all individual observing periods according to, the equations given 
11). \lcNauglit, S; .Asher (1999). 

Although we chose a minimum st'ep size of 3.6 minums, ive permitted periods of up to  6 minutes 
to  be involved in the  average. This clearll- smears out small-scale structures, but ensures that' 
enough data ale used in construcring t'he profile, thus defining the times of rnaxiina l-ery precisely. 
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Figure 3 - ZHR. profile of t,he 2002 Leoiiicls as in Figure 2 biit based onl!. on obscn-ations n-ith a 
limiting iiiagnitucie of ;3 or bet ter .  TT7e consider this profile inore reliahlc l$'iTh respect 
t o  the determinatioii of t l ic maximum Z'HR level of t l ie 2002 Leonicls. Numerical data 
are  giI.en in  Table 1. 

Fiiric tioiii of Loientz 
iiioiiitut of iiinxiiiiiiiii 

good applicabilit J. of 

t j y c  were appliccl to tlic tIvo peiils in orclcr t,o fiiitl their most p r o l ~ a l ~ l e  
actiyit? aiid r h e  full n-icirh a t  half liiiisi1n1iiii (F\l7HS1). The  graphs indicate 
Loreiit,z shapes. altliougli the>- neml not nccessa.rily pros-ide a good fit for 

a rclntil-cly old dust trail like  lie 7-rei-olutioii oiie. 

The first peal; in Figure 2 leads to  ,\c = 236?G157 k 0~0004 corrcsponcliiig to  Nos-ember 19. 
0-1"10'" k 1 iniii UT and a FII-Hll of 39 i 3 minutes. The fit of' the sec.oiid iiiasiiiiuin deli lws 
A 2  = 236?8933 5 0?0004 corresponding t,o Nolwnber 19, lO"47" i 1 iiiiri TJT. The F\YHl,I is 
significantlj- shorter with 25 * 3 minutes. TI-idtlis and  pcak times are the same for fits t o  tlie 
graplis in Figure 2 aiicl 3. The fitting jiiiplicvd a 11acligroiuid coristant, of almut ZHR],, = 100 
(which is also a result' of tlie fits). The FTT7HAIs thus refer t o  tlie peal; fiirictioiis above t,his 
1x1 ckgr oun ct level. 

-1 first a t t empt  to  look into t'he fine structure of the t ~ o  Lcoiiid pcralis is shown in Figures 4 
and 5. Ton- all observat'ions are used with the liriiitat8ions tha t  the t,otal correction factor should 

cl 10 and t,lie radiant, cle\-ation slioulcl be larger t'han 20". Tlic iiiasiniuiri of' t,he 7- 
i (lust trail encounter is a~-craged with a iriinimuiii bin size 0"01 (:orrcspoiiding to  

ahoiit 1 . A  iiiiiiiites. zlgaiii \\'c periiiiticd iargcr periocis of 1111 t o  3 iriinut cillrat,i(l11 to  tie iilr.olvec{ 
iii the as-erages. Each ohse r~ i i ig  pctiiotl. 1ion.ever. is used only for onc a\-erage. The  7-rcvo1utmioii 
trail in Figiirc) 4 ro\-c-)als a smooth risc in act'ivitj- a,nd a ra,ggc:tl decline of actis-it,y. 
Tlic profile o f  t'he 4-revolution trail in Figure 5 is very smoot,h. Thcl niiiiiinum bin size of' 0?001 is 
riot aln-a~.s reaclied~ bccause of t8he smaller number of' observing periods available. R,eport,ing 110 

sliort'er periods than 5-minute bills is a. particular clrawback in North American observations. 

F i t s  of Loreiitz profiles again delivered the same peak centers and Fl\:HlIs for both maxima. 
T h e  results are apparently iiidepeiiderit' of the d a t a  sampling applied. This fact, is particularly 
satisfj-ing as n-e ha\-e a mpted to a.chie\-e siib-bin accuracy for the peak times by applying 
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reasonable fit functions. Choosing the highest ZHR value for the peak time from Figure 4 or 5 
would certainl! not be wise. Table 2 finally summarizes the predictions of Leonid maxima in 
2002 and the observed peak times and ZHRs obtained in this preliminary analysis. 
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2 3 6 j 7  236.58 236.59 136.60 23661 236.61 236.63 236.63 2 3 6 6 5  236.66 
Solar Longitude (2000.0)  

Figiirci 4 - ZHR profile of the 2002 Leoiiitls near t h c  tiinc of encounter of tlie 7-reialutiori dust 
trail.  Tlic bins for :1vcriiging arc ahout  1.-1 minutes n-itle near tlie peak aiitl are ahout 
3 minutes n.itie in tliri wings of the  graph .  Tlie Z13R.s n ia~ '  be ox.ercstimatet1 due ro 
tlic low limiting magnitutlcs i i i r d ~ - i i t l  in rlie graph  jlrn 2 t4.0). Tlic iiiiisiiiiiiiii  total 
correction ptirmittccl is 10. tlic nii11i1111.1111 iatliant clel.ation is 20'. 

Tabk 2 -. Comparison of pretlictetl Leoriitl iiiaxiliia n-it11 tlic prelirriinary; observed peak tirnes anti activity lex7els 
in 2002. Tlie obserTw1 times are the  topocentric strean1 encounters. 
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Figilre 3 ~~ ZHR profile Of t l l C  2902 LeOiiitk Tical‘ T h C  tiilie O f  E i lCOUl l iF i '  of The. ~-rc!Yolutiorl dlist, 
trail. The lerigili of tlic. averagiiig h i s  letluccs to about 2 minutes near tlie peak. Xs 
in Figure 4, the ZHR,s  ma\^ be ovcrestiniated due to the ion- limiting magnitudes; the  
same constraints lioltl lielc?. too. 
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The 2002 Leonids Using 28 hlHz am-band Radio 
Observations (HRO) over Japan 
Tukashz LBuz. Hu-oshz Oyazca. T a k e m a  Hnshzmoto, Kouy Ohnzshz. A-oriyukz 
T / n g u  c hz Kz m i o 3 fa eg a ula 

l l i c  2002 Lconid~ n ~ i c  c\pccteil to piewiit ipectaculai appeaiariLe oTer Euiopc' diid X i i i ~ ~ i c a  KO spcctaciilai 
cippCdiciilu I I ~ <  e-qiwted i n  J a p m  On the  c~ci i i i ig  of SoTeinbci 1 7  (UT) ,  lione\ei thc 1965 tluit tiail n a i  
picdicteil to appioacli the Edith t losc l~  Tliciefoic Japii icw obseiyeis t r i d  to rlctec t tliir ti;1i1 i i i ~ i i g  28 AIHl 
iatiio Tliii ii Lct iiiiw 28 \IHL o i ~ s c i ~ ~ i t i o i i s  caii dctcct faiiitei iiietcoi cclioes tliaii 53 1IHr oljsei\rltioiis 11 liicli 
d i ~  picTrilciit 111 JripCiii This \ tut l \  shon i  tlic o l x c i ~ i n g  iiietliotl a i d  iesults of 28 AIHL (1b5~i~dtiOils of d ie  2002 
Lcoiiiti\ V7p foiiiid tlint the Lcoiiicls ncie rletcctable foi loiigei a t  28 hIHz than [it 3 75 AIHz This indicates 
that rlic tliitiibutioii of faiiitt.1 (smallci) iiicteoii 17 nitlei tli<in t h t  of laigei one. 

1. Introduction 

In tlic 2002 Lcoiiidi. a spectacular appcaiance was cspectcd over Europc aiicl AAiiiciica [ 1-31 
On tlic otlici hand. no appearance lilic this v a 5  cspccted in Japan Hon-c.i ci one challenging 
prcclictioii TI-~I\ made. narnclv that the Earth would approach the 1965 (1-re1 olution) dust trail 
on No\c\iubcr 17 2011 LT The cctlculatcd distance b e t v t m  th(3 1963 trail arid the Earth was 
almiit 0 0018 -1L [4i Since this distance IS in tlie outer region of the dust trail. the densin 
ot n ie tco is  n.oiild bc w ~ l i  Fiiitlier. at the tiine. it was foul years and eight months after the 
pucii t  conwt liad p ~ ~ s c d .  Thiis. i f  the stoirn due to  thtl 1965 (1-Icvolution) cliist tr,iil happericd 
a i  111 tlic 1969 i toi in  obseiT-etl 11; radar. tlie Tolocity of the dust particlei cncounteicd in 2002 
~ o u l d  be \very fast. as ejected fiom the p.irent comet 55P/Tempel-Tuttle in 1965 This would 
implJ- smhll p i  ticles n ith faint magnitudes 

,Japaiiese Radio Obsei-iation were started in 1911 by Kazuhiro Suzuki et  a1 In 1996 new radio 
observations, Ham-band Radio Observation (HRO) using 53.750 AIHz, started The transmitting 
station is tlic Fuliui National College of Technology (Fukui, Japan) .  These observations have 
become the piwalciit method in Japan [5] 
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In the observation of the Leonid meteor shower, since the velocity of dust particles is very fast 
(71 kin/s), most of the meteor echoes observed at 53 11Hz are overdense. This causes the height 
ceiling effect [6]. In this study, since the main purpose Tvas the detection of the 1963 dust trail, we 
had to use a lon-er frequency that can detect fainter meteors than 33 I IHz .  The next lower Hani- 
band than 50 11Hz is the 28 hIHz band. On this occasion, therefore, some Japanese observers 
tried to detect the 1965 dust trail activity by using 28 AIHz Ham-band Radio Observation. 

6111 

2. Transmitting Station 

T \ F  used the 28 LlHz-band in this Leonid obser\.ation. The transmitting station  as located in 
Toyoshind. Kagano, Japan (137.90"E. 36.28"N). The frequency was 28.208 AIHz n-ith a 50-\\T 
continuous carrier beacon (callsign JROY-AS) . This transmitting station is managed bj. Noriyulti 
1-aguchi. The antenna is a loop antenna that is shown Figure 1 arid the antenna pattern is shown 
in Figure 2. The antenna plane is horizontal so that the signal is transmitted to the zenith. 

3 .  Observing methods and stations 

The ohserI-irig nictliod was the same as for 53 AII-Iz observations [5]. Xn SSB leceiver was used. 
which traiislated (conT-erted) tlic echocs a t  radio frequencies into t3he aiidio spectrum. 1;arious 
kinds of receiving antenna n-cre used. e . g .  R two-element Yagi and a dipole. 

-41 tlici receiving st'atioii: t h e  observing sof'twarc HR.OFFT n'as run under the 1Thdon.s opei-atiiig 
s?.steiii. This soft,n.are was cle~.eloped 11)- I<aziihil;o Ohltawa. It analyzed the aiidio input sigrials 
II;,. Fast Foiiricr ;Ti.aiisfoiiii. Gii i l i b  CicciLsioii. siiice tile for~v-ard ScattCr method TELS being i i ~ d  
for tlic first, time at  28 LIHz, most of tlic stations observed a t  both 28 h'fHz aiid 33 LII-Iz for 
(amparison. For such obscw-ations, lye iised 2-channel HR,OFFT that  can observe two channels 
(st'oreo-input) synchronouslj~. This is the hcst tool for monit,oring t>wo radio signals. The observed 
image file is shown in  Figiire 4. 

This 28 ALHz observat'ion was t'he first such trial. -At first', therefore, we coiifirnied the effect,ive- 
iiess of' t'his t,echnique. As a result, \ye succeeded in obtaining many meteor echoes. In daytime 
a. continuous carrier was receii-ed. lion'ever, so we could not, observe in dayt'ime. But we could 
see the dailjr i x i a t ion  at  all obserl-iiig sit The detailed result,s are s1ion.n in the next section. 
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J ROYAN-loop 
Figure 2 - The  radiation pattern of the transmitting antenna. 

(Simulated by Kimio IIaegav,-a using EZ-NEC soft- 
ware, r-axis: n-est.) 

25 

Figiirc 3 - I I a p  of the  28 I IHz observing sta- 
tions. 

The ohscr\.iiig st atioiis are iiiappccl in Figure 3. There were eleven observing sites. The observers 
wcxe the following: 

Tosliihilto Masaolca. Hiroshi Ogaua, Takashi Gsui, Hirotoshi Hara. hIasaalti Ogaa-a, Taltu 
Sakajiina, Ilceda and -4n.a High School (Llasafumi Onodera), Sigeo Sarnbe, Ibraki Na- 
tional College of Technology (Radio Club). Yasushi Yoshikawa, Nagano Nat,ional College 
of Technology (I<ou,ji Ohnishi). 
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Figure 4 - Image file produced b!. the 2-cha1111el HROFFT.  L-ch is 28.208 l I H z  arid R-cli is 
.53.750 LII-Iz a t  University of Tsuliuba station (Hiroslii Ogan-a). 

4. Results 

Figure -1 shon-s the iiiiagc file procluc~d by  tlie 2-cliaiiiiel HR.OFFT softwarc at the Tsuliulia 
oliserJ.iiig station. Tlic observer ohtaiiiocl one image file e ~ - e r ~ -  10 minutes. Therefore, t he  total 
iriiagc numbers  rer re 1-14 per  daj.. The 1-ertical axis is frequericJ- aiicl horizontal axis is time. 
The 28 31Hz oixpr\.ations obtained inan!. more echoes t,lian 53 \lHz. hioreover. the continuous 
echocs lasted longer. If a IWJ. long echo appeared. soiiie short ones were liiildcn. Therefore, wc 
1ia1-e to coiisider this eEect. For the nioment-. lion-ever. we ignore it,. 

Figiircl 5 s1ion.s t'lic graph of echo counts at 28.208 AIHz at  the Tokushiina obseri-ing sratioii. 
Figuw G slion-s tlie echo counts at 53.730 11Hz at the  Osalta obserT-ing station. The horizontal 
asis is the time scale in  Universal Time (UT). The vert'ical axis is tlie hourly count. Tlie distance 
betn-een tlie traiisniit,t,ing anti receiving stations was about 400 kin at  the Tohishima station 
(To?-oshina-Tokusliinia.) and  about  160 krn a t  tlie Osalta station (Fultui-Osalm). 

Tlie result's using 28 1'IHz caught the beginning of the  Leonid activitj- around Noimnber 1-1. On 
the ot'lier liaiid. tlie 53 AIHz observations did riot' catch this acti\,it,y. Around Nolwnber 16: t,he 

caught t,lici Leonid acriT-itj- earlier than the 53 I I H z  observations. 
53 AIHz obscr\.at,ioiis caiiglit ;lie iiici- e ill L'eoiiid acrilritj-. Tilerefore tile 28 AiHz observations 

Tliis fi equciicj--depeiidaiit difference is caiised 11~. the height ceiling c The ceiling height of 
25 ~ I H L  obwvations is higher t h a n  that of 33 hlHz observations. Thus the limiting magiiitude of 
inet(1ors at 53 hIHz is about m = 3 and that  at 25 h1Hz observation is about nz = 6. Therpforc, 
28 11Hz observatioris can detect more and faintei meteor echoes. Thus. the earlier detection 
of' Leonid activitj- a t  28 LIHz than at 53 hIHz means tha t  dust particles of smaller size were 
distributed more widely than larger oncs. Therefore there is some potential to  detect the size 
distrihiition bj. comparing the 28 hII-1.z and 33 hIHz HRO data.  
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Figuie 5 - The hourly rate a t  28.203 SIHz a t  the Toltushima observing station (Ikeda and 
-4v-a High School). 

Figme G The hourly rate a t  53 750 AIHz at the Osdlta o\iser\ ing station (Aiasavosh Ucda) 

5 .  The detection of the 1965 dust trail 
- i s  shown in thc pie\-ious section. 25 1IHz  obsenyation is l w y  useful for obtaining a mctcor 
i h o n c ~  piofilc c t r id  analyzing its charxtcristics LTsing this Iciult,  we tried to  detect the actirity 
pio.\itltd 13~7 thc 1965 diirt trail a c t i l i t y  Here n c  used In ~ n m ~ t c  count ~ a t ( > s  ! 3 c c C i ~ ! ~ c  the FT,','H!,! 
of 1965 cliist trail ~ o u l d  be shoit ,  ds was the 1969 radio storm Howexci. we coiild not find a 
clc,ii po.ik fiom this result a t  the prcsciit Foi the  inommt. however. n-e cannot tletciiniiie that 
thcrc. v a s  no  1965 d u s t  trail activitj. This is because tlirce possibilities exist. i ts  follows (1) 
-4lthough 1965 dust  trail activitv esistcd, the meteor magnitiide was faintel than n? = 6, and 
28 AIHL obscrlatioris can only detect meteor echoes brighter than sixth magnitude (2) So far 
TVC 1iitl.e onlj. cliialyzed iesults from some observing stations. Xlthough obscr1 irig stations were 
locdtcd at 11 points. we have not y t  received data from all observing sites. Therefore. it may 
he possible to detect some activity if we unify all obseircd data. (3) There was no 1965 dust 
trail activitj- a t  all 
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6. Conclusion and future work 
The potential and effectiveness of 28 YIHz observations were shown iii this study. Since these 
obseri-ations can detect fainter meteor echoes, it becomes possible to  obtain a meteor size dis- 
tribution profile by comparison ivith 53 hlHz observations. During the daytime, howeser, it is 
difficult to use 28 AIHz observation because of a continuous carrier received. Therefore. we can- 
not detect meteor activity during the daytime. But observation during the night was achieved. 
This stud!- succeeded in obtaining a Leonid activity profile of dust particles. In the center of the 
Leoiiid stream there are man;. blight meteors (large particles): faint meteors (small par tides) 
are distiibuted around the Leonid dust tube. 
N o  clear 1965 dust trail activity was detected in this study. There are riot enough data, however, 
aiid \-aiioiis interpretations are possible. Therefore. we are researching further these possibilities 
foi the detection of the 1965 dust trail activity. 
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The 2002 Leonid MAC Airborne Mission: First Results 
Peter Jennzskens? SE TI Institute 

.~ _ _  ~ 

The  NASA-  and USAF-sponsored 2002 Leonzd Afulta-Instrument Campaign consisted of tvio instrumented air- 
craft tha t  flea. from Madrid, Spain, to Omaha. Sebraska. with 38 researchers on board to  cover the two Leonid 
storm peaks Both aircraft were above clouds and under perfect observing conditions. with a radiant climbing 
from 35 to 67 degree elevation and the full Lloon ielativel! low in the sky ,111 instruments norlced as expected 
and aurora,  moon, and meteors made the vien sceiiic and truly spectacular at times This report is a brief 
impression of the mission and a first look a t  some of the results in the meeks following the campaign. 

1. Introduction 
In the 2002 Leoizzd hfultz-Instrument Azrcraft campazgn. we had the pi\-ilege of using the NASA 
DC-8 ; l i r  boine Laboratory for meteor storm research, in a stereoscopic \-ien.ing with the USAF/ 
FISTX aircraft used in earlier missions [l-S]. This was our fourth and final niission as part 
of the Leonzd ?Jl;lC program and offered a team of 38 reiearchers from 7 different countries a 
chance to see the 2002 Leonid storms under ideal obser~-ing conditions BJ- following a westnard 
trajectory from hIadrid (Spain) to  Omaha (Nebraska), we m r e  able to  have a 10-hour iiight in 
which the Leoiiid radiant rose from 35 degrees a t  the onset to 67 degrees just before landing. 
T\Iorco\w. the near-full l loon  was relatively lon in the skj- neai the nose of the planes. 

Figiire 1 ~ Tlic DC-8 .'.Airborne Lahoratorv" aircraft crew and. scientists (photo Eric .Janics). 

2 .  Experiments 
;It Toiiclon tlc rlrdo?. near l ladi id .  n e  were hosted 121 the Centro d e  Astrob7ologza (CAB) 
of dircctoi Juan Perez-hlercader Three CAB participmts operated one of many instruments 
on the DC-8 aircraft Those instruments included the German Unzverszty of Brenen sub-rnm 
spcctroriictci '.;lSUR" that  measured NO. 03. HCl, HCN and H2CO repeatedly during flight, in 
search of vaiiations in the abundance of upper atmosphere molecules f iom the increased influx 
of riieteoroids or their effect on the atmosphere In the same direction. a fibel-optic coupled 
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slit-spectrograph of the Unzverszty oJ East i lnglza (UK) measured OH, Na. and 02 airglow at 
optical wavelengths, while a near-IR InGails camera from Utah State Unzverszty imaged the OH 
airglon-. The USU team also filmed meteors through narron--band filters. Three high-resolution 
spectrographs targeted the near-TJI' (using high-definition TI' detection--IS.AS Japan) , the 
visible region (SET1 Instztute) and the near-IR ( C A B ) .  this last using unintensified cooled CCD 
cameras. -A prototype automatic rapid pointing *.AAIhlIT" meteor tracker m s  operated by George 
I'arros, as a technology demonstration in a project with Peter Gural and the author. 

.. . , .~ .  .. . , .~ .  

-. . .. 

Figlire 2 - The KCIi-135 FISTX aircraft c r e v  and scientists iplioto courtesy Eric Jamcs) 

111 aiitlition, a team of eight amateur astronomers counted the meteors detected 1,- window- 
nioiintctl intensified cameras using a sk leo  licadset display. An autoniaric tool cle\-eioped 13:- 
C h i s  Crawford and Ilike Ii'oop took a t,ally of t'lie counts, which were a~ialyecl :  displa~-ed, 
and t>raiismitted in the form of brief one-line e-mails via globalstar satellite uplink 11:. interactive 
softn.are developed and operated by Sforris Jones. This pro\-ided near-real time coiiiits to satellite 
opcrators. The flus ineasiirernent team corisistcd of met,eor obser.i-ers Chris Chin-ford, Peter 
Giiral. David Holman, IIorris Jones. Jane Houston-Jones, Bob Lunsford, David Yugent,, and 
Riiecliger Jehn. Ruediger represented ESA: who helped distribute tlie counts. 

For the first, time, FJSTA was equipped with "sticky t,ape", a dust collectlor from the lin,l:versity 
of :Veu Mexico u,t Albuquerque in an attempt t'o gat'her met'eoric debris from t'he first storm 
peak in the hours after tlie storm. The FISTA a,ircraft also rleploj-ed a 3M.5 inicrori mid-IR 
spem-ograph "1 ITRTS" ~ a p ~ . . b l e  of taking images a ~ i d  spectra cf n i c t c~ r s  XIC! of persisieiit t,i :his 
in search of tlie 3.4-micron band of complex organic molecules in  meteoroids. In addition, FIST4 
clc~plo~.ed lon--resolution slit-less spcct'roscopic techniques at ultras.iolet' (Rick R.airden, Lockheed 
Palo ;Ilto) and optical n-avelengths (Jifi BoroviClta, Ondre.jo\- Observatorj., Czech Republic). 
Kristina Smit'li operated two Digit'al -Array-Scanned Interferometer (D;1SY) spectrographs as 
a technology demonst'rat'ion. -4 third spectrograph (SET1 Institute) recorded low resolut~ion 
spcctra of int,rinsically faint meteors on high-definit,ion TI' (NASA Ames) for measurements of 
meteoroid composition. Finally, Ian hiurra,y of the Can,adiu,n University of Regina performed a 
studj. of met'eor light curves and meteoroid morphology, completing an airborne dataset covering 
1998-2002, complemented by the photomet'ric studies of Hans St'enbaek-Nielsen on the DC-8. 
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Figure 3 - Summary of 1-minute meteor counts (courtes!. Leonid \LAC flux measurement team) 

3 .  Results 
Near-real time flux measurements' 
The Leonid meteor storms occurred much as predicted. European observers saw the peak at 
04"OGm UT (ZHR M 2 )  300/hr--scaled to  earljr IiVO results is]): while observers in the Americas 
witnessed a storm peaking at lO"47" UT (ZHR M 2 ,  GOO/lir). Times are corrected for topogra- 
phj. [lo]. Both peaks were narrow. with a full-\.\:idth-at~-lrialf-masirnum of only 0.52 arid 0.30 hours 
respectii-el\-. Both peaks were rich in faint meteors. Preliminary result's from 1-minute count's 
(with a 3-point a \wage and given in 2-miniite interT-als) are presented i n  Table 1 aiid Figure 3. 
They s h o ~  a \-el-!. precise slightljv asj-rniiiet'ric Lorent'z-shaped flux profile n i th  no obi-ious fila- 
nieiitarj. striicture or sub-peaks. A. high hackground of acti\-ity persisted berween the t'n-o st'oriii 
pea1;s. That baclqqound ma!- reflect the 1533 dust trail encounter (LJ.ytineii's prediction put 
tlic ellcounter tiiiic at 06"36'" UT [ll]). Hon-el-er, the  liigli rates before the first storm peali aiid 
gracliial tlecliiie cliiriiig the obseri-iiig period suggest that this is a manifestation of the Leonid 
Filanieiit 1121. pca1;iiig before 03l' CT. Indeed, the inagiiitude distribution index was riieasured 
to he  smaller betu-eeii the st'orms: r = 1.7 i 0.3, versus a storm value of r = 2 .1  i~ 0.3. These 
\-aluc;s will be iiiiproved upoii further analj-sis. Also the absolute scale of the flux measurement's 
is still uncertain. The near-real time data  had peak rates of 1,000/hr and 1,4OO/hr, respcct,ively. 
Siiiiilar da ta  froin visual obsen-atioiis bj- Jim Richardson and a team of observers at, iVlo~i,?i.t 
Lem,mon Observatory puts the peak ZHR. of the 2'Id st,orin as low as 8OO/hr, with pre-storm 
T = 2.5 versus a storin value of 7 '  = 3.5. =\i further iniproi-ement of resi.ilt,s is expected nrhen 
tlie skj- liiiiiting magiiit,ude and 7'  have been studied in morc detail, and n-hen also the FfSTA 
intensified video camera tapes (operated bj. Alike Koop) have been examined. 
These observations provide irnport,ant# new data  for dust trail models. The na,rrow flux pro- 
files agree within error with the predicted durst'ions of approximat,elp 0.64 and 0.60 hours [14], 
respectiyely, and demonstrate t>hat the dust' t8rails do not widen 0s-er time: as in the models 
13:- Lyytineii c:t al. (radiation pressure): Asher & RlcNaught ~ arid 'l'aubaillon and Colas (a.0.: 
from dj~nainic forces on d jmmica l l j~  clifferent orbits). The strong showing of the 1767 dust, t,rail 
relative to  that of i866 in As1ier.s model illustrates again that t he  positions are slightly 
fiirthcr i nnwd  t.o the sun t,han calciilated. The most iniport8ant result ma!- have been the  high 
abundance of faint meteors. This is acr,uallj- predicted in t,heoret,ical models. because the smaller 
grains are siipposed to  have t'he highest surface-to-mass ratio and therefore t'he strongest push 
f rom water vapor drag during e~jectioii arid solar radiation pressure while in orbit. However: last' 
year's shon.er did not show that  effect?. Hence t,he distribution of meteoroid sizes in t,he trails is 
s t ill p o or 1 j- understood . 

It needs to be eiiiphasized that t,he term "flux" is misleading. The  author refers to visual meteor activity. 
while flux measures particles per unit time and unit area and is oiily accessible after thorough analysis-Ed. 



M7GS. the Journal of the 1MO 30:6 (2002) 

Table 1 - Preliminary results from 1-minute counts on Kovember 19. 2002 

Time A= ZHR 

2 767 236 5580 2841 9s 
2 800 236 5594 2531108 
2 833 236 5607 2921 5€ 
2 867 236 5621 3361 52 
2900 236 5636 2571 66 
2 933 236 5650 3321 67 
2 967 236 5664 3041 5E 
3000 236 5677 316i 46 
3033 236 5692 3241 52 
3 067 236 5706 2571 4'7 
3 100 236 5720 3451 4E 
3 133 236 5733 3021 43 
3 167 236 5748 2751 3C 
3 200 236 5762 3321 45 
3233 236 5776 2931 4s 
3350 236 5825 2951 63 
3383 236 5839 3591 82 
3417 236 5853 5141 66 
3450 236 5867 3855 5f 
3483 236 5881 4441 5E 
3517 236 5895 5111 58 
3 550 236 5909 5011 51 
3 533 236 5923 4191 51 
3 617 236 5937 5661 61 
3650 236 5951 7791 82 
3 683 236 5965 655i 68 
3 717 236 5979 7181 90 
3 750 236 2993 1000~101 
3 -83 236 6007 7971 91 
3517 23GG021 9701 74 
3550 23G 6035 13791 94 
3 883 236 6049 13021107 
3 917 23G 6063 13311 93 
3 950 236 GO77 14811102 
3 983 236 6091 17901121 
4 017 236 6105 17271103 
4 030 236 6119 19851111 
1083 236 6133 23501118 
1117 236 6147 28191121 
4 130 23G 6161 24991134 
1183 236 6175 23201148 
4 217 236 6189 25392120 
1250 236 6203 17281109 
4 283 236 6217 14861104 
1317 2366231 16131 97 
4350 2366245 15621 99 
1383 2366259 14671 97 
I417 236 6273 14711 91 
4450 2366287 11931 83 
4483 23Gb301 9411 81 
l517 236 6315 8991 73 
1 250 236 6329 9331 72 
1383 2366343 11391 88 
i 6 l 7  2366357 8591 73 
L650 2366371 8181 95 
i 683 236 6385 10091111 
i 717 236 6399 8211111 
I 730  2366413 6631 80 
I783 236 6427 9091123 
I817 2366441 6451 74 
850 2366455 4951 80 
853 2366469 5351102 
917 2366483 4171 80 

Time 
(hr) 

4 950 
4 983 
5 017 
5 050 
5 083 
5 117 
5 150 
5 183 
5 217 
5 250 
5 283 
5 317 
5 350 
5 383 
5 417 
5 600 
5 633 
5 667 
5 700 
5 917 
5 950 
5 983 
6 017 
6 050 
6 083 
6 11; 
6 150 
6 183 
6 217 
6 230 
6 283 
6 317 
6 350 
6 383 
6 417 
6 450 
6 483 
6 517 
6 550 
S 583 
6 617 
6 650 
6 683 
5 717 
S 750 
5 783 
S 817 
S 850 
3 883 
3 917 
S 950 
3 983 
7 017 
7 050 
7 083 
7 200 
7 233 
7 267 
7 300 
7 333 
7 367 
7 400 
7 433 

132000) 

236 6497 
236 6511 
236 6525 
236 6539 
236 6553 
236 6567 
236 6581 
236 6595 
236 6609 
236 6623 
236 6637 
236 6651 
236 6665 
236 6679 
236 6693 
236 6770 
236 6784 
236 6798 
236 6812 
236 6903 
236 6917 
236 6931 
236 6945 
236 6939 
236 6973 
236 6987 
236 7001 
236 7015 
236 7029 
236 70 43 
236 7057 
236 7071 
236 7085 
236 7099 
236 7113 
236 7127 
236 7141 
236 7155 
236 7169 
236 7183 
236 7197 
236 7211 
236 7225 
236 7239 
236 7253 
236 7267 
236 7281 
236 7295 
236 7309 
236 7323 
236 7337 
236 7351 
236 7365 
236 7379 
236 7393 
236 7442 
236 7457 
236 7471 
236 7484 
236 7498 
236 7513 
236 7527 
236 7541 

ZHR 
(/hr))  

3651 83 
5461110 
3551 76 
4961 73 
5331 76 
3451 74 
3091 93 
5391108 
2931 72 
1621163 
2611 92 
4561161 
5201184 
32411 15 
2911103 
1691 42 
1681 42 
3181 79 
2801 70 
1751 33 
2001 33 
2171 38 
2971 38 
2731 36 
2315 37 
2941 40 
2511 40 
175= 40 
3021 43 
2271 31 
2241 33 
265i 39 
2191 38 
2601 39 
184i 37 
1611 49 
2171 44 
1451 29 
1391 59 
1801 55 
2801 51 
2041 41 
1641 35 
1 5 5 5  42 
3071 62 
2991 68 
2811 85 
1751 75 
3151 72 
2241 43 
2191 34 
1571 29 
1622 37 
117+ 24 
123+ 28 
2061 52 
2611 65 
3441 86 
2781 70 
2311 58 
941 24 
131f 33 
1591 48 

Time Ac 
ihr l  (32000) 

ZHR 
i lh r )  

7467 2367554 
7500 236 7569 
7533 236 7583 
7 567 236 7597 
7600 236 7611 
7633 236 7625 
7667 236 7639 
7 700 236 7653 
7733 236 7667 
7767 2367681 
7800 236 T695 
7833 236 7709 
7867 2367723 
7900 236 7737 
7933 236 7751 
7967 2367765 
S 000 236 7779 
3 033 236 7793 
SO67 2367807 
S 100 236 7821 
S 133 236 7835 
3 167 236 7849 
3 200 236 7863 
9 233 236 7877 
3 267 236 7891 
3 300 236 7903 
3 333 236 7919 
3 3 6 7  2367933 
3 400 236 794; 
3 433 236 7361 
3 467 236 7975 
3 300 236 7989 
3533 2368003 
3 367 2368017 
3 GOO 236 8031 
3633 2368015 
3667 2368039 
3 700 2368073 
3733 2368087 
3 767 2368101 
3800 2368115 
3 833 2368129 
3867 2368143 
3900 2368157 
3933 236 8171 
3967 2368185 
3 000 236 8199 
1033 2368213 
1067 2368227 
3100 2368241 
1133 236 8255 
3 167 2368269 
3200 236 8283 
3233 2368297 
1267 2368311 
3 300 236 8325 
1333 236 8339 
3 367 236 8353 
2 400 236 8367 
9433 2368381 
9467 2368395 
i 500 236 8409 
1533 236 8423 

1361 41 
2211 47 
2481 40 
1881 43 
1951 45 
2161 58 
1851 56 
1401 38 
1561 39 
1171 29 
951 21 
1001 25 
1111 28 
891 22 
1551 39 
1551 39 
1441 39 
1581 36 
2141 34 
278t 48 
245'- 38 
1961 36 
1471t 24 
178I 41 
1541 28 
1421 30 

1 3 6 ~  21 
212i 33 
1991 35 
2 8 3 ~  10 
227r 43 
1881 31 
2261 41 
1942 32 
2121 43 
2861 41 
147i 31 
1711 33 
86i 23 
1801 33 
2191 44 
1871 43 
2341 43 
167-C 45 
2061 38 
1461 37 
3351 44 
2481 36 
1041 26 
961 24 
2971 74 
250i 62 
1761 44 
1031 26 
145i 36 
1161 29 
2171 38 
1721 27 
1211 23 
3521 49 
2841 54 
l 5 G i  42 

 is^+ 30 

221 

Time 
(hr) 

09 567 
09 GO0 
09 633 
09 667 
09 700 
09 733 
09 767 
09 800 
09 833 
09 867 
09 900 
09 933 
09 967 
10 000 
10 033 
10 067 
10 100 
10 133 
10 167 
10 200 
10 233 
10 267 
10 300 
10 333 
10 367 
10 400 
10 433 
10 467 
10 200 
10 333 
10 567 
10 GOO 
10 633 
10 667 
10 700 
10 733 
10 767 

10 833 
10 867 
10 900 
10 933 
10 967 
11 000 
11 033 
11 067 
11 100 
11 133 
11 167 
11 200 
11 233 
11 267 
11 300 
11 333 
11 367 
11 400 
11 433 
11 467 
11 500 
11 533 
11 567 
11 600 
11 633 

10 800 

As 
(j2000) 

236 8437 
236 8451 
236 8465 
236 8479 
236 8493 
236 8507 
236 8521 
236 8535 
236 8549 
236 8563 
236 8577 
236 8591 
236 8605 
236 8619 
236 8633 
236 8647 
236 8661 
236 8675 
236 8689 
236 8703 
236 8717 
236 8731 
236 8745 
236 8739 
23G 3773 
236 8787 
236 8301 
23G 8513 
236 8S29 
23G S843 
23G 8837 
236 8871 
236 8885 
236 8899 
236 8913 
236 8927 
236 8941 
236 8953 
236 8969 
236 8983 
236 8997 
236 901 1 
236 9025 
236 9039 

236 9067 
236 9081 
236 9095 
236 9109 
236 9123 
236 9137 
236 9151 
236 9165 
236 9179 
236 9193 
236 9207 
236 9221 
236 9235 
236 9249 
236 9263 
236 9277 
236 9292 
236 9305 

236 9053 

ZHR 
( /hr) 

175f 32 
2501 36 
2381 40 
261k 33 
2821 36 
3281 39 
2031 31 
2851 39 
3541 52 
2751 33 
2971 39 
3351 41 
3971 38 
3951 39 
3141 38 
322i 31 
2711 34 
3761 34 
4381 42 
434i 41 
5071 41 
5591 53 
625& 52 
6521 53 
6801 47 
732Z 53 
8055 59 
10221 68 
9931 61 
11951 69 
1393~ 74 
13981 83 
15881 77 
19451103 
21541 99 
22552114 
28171124 
24101110 
28201111 
27021151 
26671106 
23291 95 
22981 97 
19541 93 
1447ilOl 
13601105 
12701 112 
11111 99 
10511 91 
7261 79 
6671 70 
8031 83 
7051 85 
7631 86 
9081 87 
6251 69 
5951 90 
5311 56 
4621 62 
6121 60 
5101 71 
5431 64 
4701 62 
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Figure 4 - Bright -8 magnitude 06:49:55 UT fireball tracked after automatic pointing 
(courtesy George I'arros). 

Spectroscopy and Imaging of meteors 
Some other highlights include a traclied -8 iiiagiiit'ude Leoiiicl fireball a t  06"49"55' LT NOT-em- 
her 17 (Figure 4). This and the  tracking of niany fainter meteors demonstrated for the first time 
tha t  automatic  rapid pointing to meteors is possible from aircraft, .lft-,er a brilliant, flash. r h e  
meteor re-appcarcd before burning o u t .  -1 persistent train  as 1-isible for at least 4 Iiiiiiutes, 
Vnicemitg of Alasku u,t Fuirba~zks researcher Hans Stenbaek-Xielsen operated a high-spcecl cam- 
era on board the DC8 and recorded 59 inetf'ors a t  1000 fraiiies/s. S o n e  was captured brighter 
thaii last :-ear's "shocking Leonicl" '81. but  seT-era1 fainter ones confirm the formation of a shock ', , front. openiiig up not' quite as wide (Figure 3 ) .  In addition, the peculiar diffuse high altitude 
beginning of two bright fireballs was captured (see inset Figure 5: lon-er left). a phenomenon 
disco1-ered 12:- P a i d  Spurn? and Hans Betlein during the 1998 campaign [13], 

Figure 5 - Composite of high frame-rate images (courtesy Hans Stenbaek-i\'ielsen). 
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The SETI Instztute cooled CCD spectrograph recorded some 40 optical spectra, twice the har- 
vest from 2001. The instrument was operated by Emily Schaller of Caltech. who captured the 
particularly nice result shoiyn in Figure 6. This meteor has a (not jret identified) molecular band 
with mission Q-branch in an early part of its trajectory, n-here the metal atom lines are still 
weak. 

Figuie 6 - Cooled CCD spectrum of a meteor in the blue with a nenly identified molecular band emission 
(courtesy Peter Jenniskens and Emily Schaller). 

Finally, Jifi Borovitlta reports that  the Ondrejov video spectrometer detected at least 130 low 
resolution meteor spectra of various qualities during the  first 90 minutes of obseir ation, which 
included the 4" UT peak. This completes homogeneous material of Leonid T ideo spectia taken 
with the same caiiieia i n  5 diffeient Teais (1998-2002) Shinsulte .\be of ISAS iecorded about 
30 HDT17 spectra a t  ultra]-iolet na\elengths down to 300 niii, several of high qualit! Othei 
results include the fiist neai-IR spectium of a meteoi 11) ;\like Taylor aiid Kim Nielsen of U t a h  

Lr7,7~erszty (DC-8) , the second dctectioii of persisteiit I lain emission at mid-IR na \  elengths 
FISTA (George Rossano , - l m x p a c e  CorporatTorz) continuous coveiage of airglon. and uppei 

i e  niolecules bj  the Ci)z r s i t y  o j  East .4ng (,John Plane and  1lfonso Saiz) and 
rsity of Bremen Tcanic; ( i iiiiii Iileinboehl 1 Holgei Brenicr) The LTnzeerszty o/ 

Enst a-!~1y17~ cooled slit-spectrogiaph  as pointed nt tliice piiisiitmt tidins oiic of TI hich iiio\ecl 
ctstoiiisliiiiglj i ap ic l l~~  i n  u p p c ~  atiiioqpheie 11 iiicls 

Dust collection 
Uiit'il now: only tnro silica sphcres of quest,ionable origin had been captured during the Leonid 
st'orii-is by a weather balloon in 1999. This year three collectors iriouiited out,side FISTA and 
coat'ecl with silicone oil by Slilie Zolensky and Jack S51arren at  t8he 1VL4SA Johnson Space Center 
Cosmic D w t  Fa,cility collected about 1100 particles. l'lft,er scrutiny of the collectors, Frans 
R,ietineijer aiid Melissa Pfeffer report haT-ing identified about 150 particles on the storm-night 
collector that  are the best' candidat'es to include Leonid meteoroids. This will not be known 
until the morphology and composition of each particle has been analyzed. However, at least' one 
extraterrestrial, but non-Leonid. fluffy aggregate part'icle, and one sphcrule, ~ v c r e  collect'ed on 
the way from Omaha to  Spain. 
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The 2002 Leonids as monitored by the International 
Project for Radio I2:'leteor Observations 

Hiroshi Ogawa, Shinji To yomasu,  Kouji Ohnishi, Shino bu Amikura, 
Kimi o M a  eg a w a; Pe t e r J e  nnisken s 

A spectacular appearance of the 2002 Leonids nas anticipated in Europe, -Africa and America Radio Meteor 
Observation by forward scatter is one of best methods for monitoring meteor activity in real time n-ithout 
weather problems. By combining worldwidP data. it is possible to monitor the Leonid activity at  all times The 
International Project for Radio hIeteor Obseivations ~ v d s  planned for that  purpose As many as 115 obseiving 
stations in 23 countries participated The obseiving period started on November 01 and ended on the 25th The 
data of selwted stations mere presented on a Flash live aebsite starting November 14 This paper reports a first 
analysis of the 2002 Leoriid Radio Meteor da ta  IT'e achieved 24-hour coverage and clearlj detected t a o  peaks 
around 04"10"1 C T  and 101'50" UT on Soveinher 19. In addition. some background activity was detected. 

1. Introduction 
Radio Xleteor Observation [RhIO) bj- forward meteor scat'ter is one of the best methods for 
monitoring meteor show acti\-it,>-. This is because R\IO is possible even in bad weather coiidit'ions 
or in daytime. At an!- given site. howver .  11-e cannot col-er the whole activity of' the Leonids 
because the radiant is not aln-a~.s abo1.e t,he horizon. To sol\-e this problem, rye worked to 
coiiibiiie data from stations around the iyorld. An int,eriiational project for radio observat,ioiis 
was started during tlie 2001 Leonids. In  the 2001 project: 91 observing statioiis in 13 countries 
were rcpresented 111. IT'e do iiot recomiiiend or demand a particular obsen-ing method. Rather,  
each obseriw uscs his o w i  prefcwwl obser-iing method: choice of frequency. receiT.er.: e t c . .  0111)- 
when these da ta  are coiiihiiied do IT-(: define coiiiiiion indices for shower actiI-itj-. scaled from such 
quantities as ' .-ictiiitj- L e \ ~ l "  and ..Rc>flection Time" . 
The 2002 Leonids m r e  espec ci t o  ha\-c t ~ o  main peaks visible in  E ~ i l o p e :  -1f'rica aiid Ainic:rica 
i2-61. The first peal; would peak at S o ~ e i i i h e r  19 04"00" UT, over Europe and North -Africa. 
caiised 11)- the 1766 (7-re\-olulioii) (!list, trail. n-hile tlie sei:o~iti peak caused bj- t he  1866 (4- 
revolution) dust. trail was predicted to  peak around 10"30" LT that day oyer Yor th  A h m i c a .  
Asia a~i t l  .Australia might, ha\-e ohsciI~-ed the lieginning of thc first peak and d i e  eliding of the 
secoiid, although Jeniiislteiis predicted rather narrow st,orm profiles [GI. There might also be a 
return of the Leoriid Filament or ot'lier broad (and older) shower component's [7]. 
It  was veq. important, t,o inonitor the Leonid actii7itj- at, all times to  obtain t,he detailed signaturc 
of these iiiultiple dust trails, the iiitensit,y. broadness, a,nd peak t,ime of which are  relat'ed to  the 
forniat'ion aiid evolut'ion of the dust t,rails. Goals of t,he 2002 International Project for RAIO 
were not oiilj' to obtain the n-hole L'eoiiid activit,y profile, but also to  provide near-real-time flus 
iiiforrnatioii via dedicated Lconid .'Li\-e" and '.Flash" n-ehsit,es and mailing lists. IITe succeeded 
in achieving t,liose goals. This papcr reports the first analysis of t,he data, based on results from 
115 obscrT-ing statmioris in 23 couiit,ries. 

2 .  Observers and observing stations 
The location of the participating stations is s h o - \ ~ n  in Figure 1. Xiost st'atioiis m r e  locat~etl in 
Japan (shown in Figure 2) aiicl in E~irope.  but multiple sites were also in rhe United States: 
India and *Australia, providing a global coverage. 
The following observers participated in tlie project: 
*American o bs er ver s 

Gilbert0 Iclar Renner (Brazil), R.afae1 Haag (Brazil) : Brian Chapel (Canada) ~ hhchael Boschat 
(Canada), Glenn Bock (USA),  Jeffrey L.  Brower (LS.A)\ Stan Nelson (USA4), .Antonio hhrtinez 
(I'enezuela) ; 
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Figure 1 ~~ 0bseri.ing stations in the world. 

E 11 r o p 6: an oh s c r ' I - C ~ S  

Dirk -1rt)oos (Belgium). Robert, (Croatia). hlicliacl T<mcil (Cbccl~).  Esl;o L 
Favrc (Franc(:). Patricc Guerin (Fraiice) Pierre Terrier (France). Giorgio Bressan (Italy) ~ TBlter 
Gemaro  (Italj.), ST'alter Boscliiii ( I ~ a l y ) >  Jure Zakrajscl< (Slovenia) ~ Ellric Frailci (Spain). Da1.c. S n a n  
(CK)! Paill Unwin (CK) ,Jaroslal. Grna (Yuposlai-ia) , Utlo Langeriohl (Germail!.). Philippe Haake 
(Sn-itzerlanci) : 

-4sian and ;lustralian observers (esclllding .Japan) 
Billy (.Australia): Bruce Young (.Australia): AIalcolrn Hedley (Australia], Kunetll TYerfried (Austria): 
Ouyang Tiangjing (China), Aundhkar Shrinivas (India), Biswajit Bose (India)! Chande Dei.gun (In- 
dia), Gaurav Rathod (India)! Jaydeep Belapure (India) Mayuresh G. Prabhune (India). Pravin Patil 
(India), Choi sang in (Korea). Yung Chiech Tsao (Taiwan); 
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Japanese observers 
Atasushi Yabuuchi, Chikara Yamaguchi, Chiyoma Ina,mitsu, Eiji Kubota,  Hideo Nakanishi, Hideto 
Yoshida, Hidetoshi Takagi, Hirofumi Sugimoto, Hirokazu Miyake? Hironobu Shida, Hiroshi Abe, Hi- 
rotoshi Hara, Hiroyuki Hiraga, Hisanori Naito, Izumi Saito, Hidetoshi Kanno, Kayo hIiyao. Kazuaki 
Fukuda, Kazuhiro Suzuki, Kazuhisa Kageyama, Kazuyoshi Kanatsu,  Kazuyuki Yagao, Kenji Fujito, 
Kimihiro Sorizawa, Kiyotaka Ohkana. Koichi Kimura, Kouji Ohnishi, Kunihiko Nakano, Masaaki 
Ogana, Masaki Tsuboi, Masami Kurihara! hlasayoshi Veda, hlasayuki Kobayashi, hlasayuki Ya- 
manioto, Matsumoto Seiki, Michinari Yamamoto, LLinoru Harada, Naolti Rlorixvalti, Rho Ishii, Sadao 
Okamoto, Satoshi LIatsui, Seiichiro Kiyota. Seiji Fukushima, Shigeo Sanibe, Taisuke Kondo. Takashi 
Usui, Takayuki Kawakita, Takuya Ogaxi-a, Toinoko Kumode, Toshiaki Tsuruoka, Toshihide lliyake, 
Toshihiko hlasaoka, Toshiro Sato: Yasufumi Yoshikawa, Yoichi Okamoto, Yoshiharu Ito. Yoshikazu 
Kato. Ihshiyuki Harnaguchi, l'osuke Ut,sunii: Yutaka Sakano, Hida high school astronomy club: 
Hoshino Girls High School Astronomical Culb, LA1 Girl's Junior and Senior High School, Ibaraki 
National College of Technology, Radio Cult, Ilteda/Awa High School. Kyotosangyo University Xs- 
tronornical Lovers Society (Satsumi .Abe, Taku Sakajima),  Alisato Observatory (Shinji Toyoniasu), 
Numazu Sational College of Technology, Saitama Prefectural Koshigaya-Kit,a High School -4stron- 
omy Club, Seibudai High School ;Istro Club. The -4stronomy Club at t,he University of Tokushinia, 
Tokai Shoyo High School Natural Science Club. Tokushima-Kainan astronomical obseryatorj., Tottori- 
Higashi High School. University of Tsiikuba (Hiroshi Ogawa). 

3.  Analyzing methods 

The worldwide ciata \\-ere combiiiccl 12)- applying t,he '.-4ct,ivitJ- LeT-el" index. This index was 
clefined in prer-ious research [S'. The index, "-A(t)* '  , is defined by the follon-ing formula. 

3.2. ' 4 C t i C : i t I J  leuel 

i=l 

where H is t l i P  hoiirly nuniber of ohserI-ed iiieteor echoes: Ho is the t~ackgroiinrl lig~irlj- rate. D 
is the aswage r-alue for a daj., S is tlie number of observing st,ations and h ( t )  is radiant elm-ation 
a t  time t .  The .\ctivitj. Ler-el is t,lie iiuiiiber of' times that  echoes are obser\~ecl compared to the 
background ccho rate for a day. If there  is no meteor s h o m r  actir-it?; .A(t) is zcro. 
The  sin iz correction factor for geometric dilut8ioii is the same as used for correcting visual obser- 
r-atioiis. Sincci t,he reflection ineclianism is TTery complex, this factor is riot eiiougli to accourit for 
insrrul-rieiit-rclatecl factors in forward meteor scatter. In the case of the very fast Leonids, how- 
ever, thc situation is simplified because mostly bright meteors (overdense echoes) are cletect8ed 
a t  frequencies over 50 hIHz. Their high ahlat'ion altitude causes rapid diffusion! responsible for 
a n  apparent echo height ceiling in undcrdense (specu1a.r) reflect,ions. The bright iiiei8eors wtaiii 
high eiioiigh electron densities to  be detected. 

In a rnctool- stxrm Ijlic> in the  2002 Leoiiids. inc!i\-idual echocs start  t,c o:~rlap a:::! t hc  metmeor 
coiiiit, saturat,es. ' I l e  therefore applied a new index called "R,eflection Time'' . This i n c h  shows 
the tot'al mflcction time of met,eor cclioc-:s \rithin unit time and is proport'ional t'o tlie total 111 

flus of meteors. This index has already been used the 2001 Leonid analysis [9]. In  2002, the 
counts n-ere again often saturated.  The Leonicl peak structure was est'imated using this index. 
The total reflection time of all echoes within ten minutes was calculated er-ery ten minutes using 
softxare dcveloped by Sliinobu Amikiira. Here, we restrict ourselves t'o dat'a obt'ainecl from the 
FIROFFT software (FFT-software) that, was developed bj- Kazuhilto 0hlmn.a. This software 
shows the return from individual stat'ions and enables a clear removal of spurious interference 
such as aircraft reflections. 
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4. Results 

4.1 .  Acttuity level analysis 

T h e  observation period was 25 days, from 2002 November 1 to 25. The  background level or 
non-Leonid activity vias defined by the data from the 1st t o  the 13th of November. Figure 3 
shows the .Act]ivitj- Level every hour from November 14-21. This graph is calculated from data  
bjr 2 1  obserl-ing sites in 10 countries. 

1 oiiseri-t~rs rcported a n  iiicr e of‘ the number of long echoes starting perliaps as early as 
S o ~ ~ i r i l x r  18 121’00’” UT. I’isual o b s e r ~ w s  of The Kippon l le teor  Societ.). san- an increase of rates 
stnrting at  18” UT. Ol-erall: there was enhanced Leoiiid actii-itj- from S o ~ ~ i i i b e r  18 12” UT until 
X o i m i l i c ~  19 21” UT: or about, one day. the  tJ-pical duration of the Leoiiid filainent component, 
[i‘j. On t,op of tliat, tn.o clear peaks are found. The first peal; was arouncl 3oswnber 19 Odh GT 
o\-er Europe and Nort,li Africa. This pcak corresponds t’o t8he anticipated 1766 (7-revolution) 
cliist t,r-ail encouiitc>r. The second peak n.as around No~-ember 19 11’’ UT o\-cr ..?nierica, and this 
peal< corresponded t’o the 1866 (4-res-olution) dust trail encount,er. .Although this graph s l iom 
t,lie second peak n;as bigger than first peak. t’liis may be uncertain hecause it was difficult’ t o  
count [lie number of echoes around the first peak due to  saturation of rlie data. Therefore, upon 
further analJ-sis of t’he da ta  the first peak may become bigger and narrower than this value. 
There m-as no clear sign of t’lie 1965 dust trail eiicount8er in  t,he Rl10 dataL: which vas  expected 
for Nol-ernhcr 17. at’  20”10” LT (Asher) or 19”30’” L T  (Jenniskens). However. Earth passed the 
1965 dllst trail at a co:isidern?:lc :!istr;ncc and t he  preclict,cd p ~ ~ ~ t l <  rate Tvas less t,’-=-.. lld11 LJrrR 7 T T  = 1. 

Rcflcctioii time analysis was applied to estimate the time of the European peak. Figure 4 is 
tlic rcflcction time analysis for the Slovenian observing station. The 10 dB count n.ai saturated 
11~ long echoes from No.i-einber 19 031’40” UT until 06”OO’” UT. On the other hand, the 20 dB 
c u r ~ - e  slion s a peak at 04”101”-04”201r1 UT. This corresponds to  the very narrow European peak. 
The 30 dB c i i n q  on the other hand, does not have enough statistics to  show the iiarro’vv peak 
clearly. 
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Figure 5 - The global reflection time anal>.sis using Slovenia (Jure ZakrajSek); the USa\ (Jeff Broner) and Japan  

(r\lasar;uki Kobayashi). 
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Figure 5 compares reflection time curves from three different locations from the Slovenia, USA 
and Japan stations. The background level has been subtracted and results are only shown when 
tlie radiant elevatioii is more than 0". AIost of the variation is due to  the rising arid setting 
of the radiant. This figure shows the two narrow storm peaks around 14h10m-14h20m UT and 
10"40m-llh00m UT. The second storm was also 1-ery sharp and rich in faint meteors. ,Again, the 
background component dominates the radio reflection returns. The figure does not consider the 
obser.iTing conditions. receiver sensitivity or radiant ele1-ation: hence this figure does riot show 
which peak was the stronger one. 

Figure 6 does take into account the observability function (mostly the geometric correction). 
after subtraction of the background count The .'zenith corrected count'' is now proportional 
t o  a measure of influx such as the Zenith Hoiiily Rate. for example. Results from two Global- 
LIS-Net stations are shon-n. confirming the occurience of two narrow storm peaks on a much 
broader background component centered at about 01" CT (NoTTember 19) and extending from 
November 18 l-Ch UT to November 19 16" VT. The t v o  s t o r m  sit on the downward slope of this 
coniponeiit. The duration and abundance of bright meteors suggests a return of the Filament 
component . 

5 .  Conclusion 

The ohsersml pattern is consistent wit,h tlio particiilar stations being insensitive to faint Leonids, 
while bright'er Leonids were dist'ributed i n  a broader component t'han the faint ones. 11-e conclude 
t-hat a liroacl diist conipoiient' richer in  hriglit meteors was underl:.ing the two storm pealis. The 
coniponeiit m s  actiT-e from Kol.eiriber 18 l-lh YT to So-\-ember 19 16" UT. TT7e clemonst,rated 
tliiit it is possible to  inonitor tlie Leonid actil.itj. with tl ie support, of i i ian~. radio forn.ard meteor 
sCi\ttcr statioiis I.\-orldn-icle. In the near f u t i w .  oiir goal is t o  dei-elop software to  compare and 
conibine tlie da ta  from diffkrent stations better. 11-p hope t o  coiitiiiue this vork for monitoring 
otlicr nietcor shon-ers as ~ 1 1 .  Our iiltiinate goal is t o  expand t,lie worl; of Global-11s-Set: to fiiid 
tliist trails of long period Earth-tlireatenillg coiiiets 12:- inoriitori~ig tlic meteor actiI-itj. on a 24-11 
ljasis. For this anal!-sis and monitoring. nianj- radio obser~-ing stat,ions are needed. T1.e liopc 
that  1iian~7 aiiiatciir radio obsen-ers n-ill contiiiiie to participate i n  t,liis project in the future. 
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Figure 6 - h k t e o r  reflection coiint. background subtracted and 
corrected for observability. From: 10-minute data by 
Illtlta Yrjola (Finland) and Jeff Bromer (USA). 
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Perseids 

Global Analysis of the 2002 Perseids 
Rainer Arlt and Andreas Buchmann 

Population Index and activity profiles of the 2002 Perseids are presented. The analysis is babed on 23 361 Perseids 
recorded by 222 obseivers The maximum is found at X3 = 140"109 (2002 August 13. near 1" UT) with a ZHR 
or 106 i 3 So indication of an additional pre-maximum peak as  observed in 1988-1999 n-as found 

1. Introduction 
Since 2000 the Perseids have appeared oo have returned to normal appearance, after t'hey had 
shon-n an additional peak prior to  the t,raditional maximum in 1988-1999. AIoreover the tradi- 
t,ional niaxiinum varies somen-hat in time. The analysis and coinpilat'ion in rlrlt (1999) leads to 
an average solar longitude of the maximum of' ,Af: = l40?0. That' paper suggest's a maximum 
ZHR. of 90; alt,hough n-e have to  bear in mind t'liat some values majr be affected by the near 
prc-maximum of much higher ZHR. 
The solar longitude of 140?0 corresponds to 2002 Airgust 12 .  22h30m UT. This time favored 
Eiiropean and north *African sites. 11-c inr-estigate the 2002 return of the Perseids from global 
tl;it,a as a\-ailable to  the Tvisual Coinmission of' the 1,IIO bj- 2002 September 15. Thanks to  
clcctronic comniunication. a 1 - q '  compreheiisi1.e data set of' 23 361 Persoids seen during 1 l s4h3 i '  
observing hours vas  alreadj- received 13~. that  time. \lye ale veq-  grateful to  the 222 observers 
contributing t o  t,liis analJ-sis. Thq- are:  

-Ahiliati ;Ibtio (ABDAH.  4'199). Haitliaiii .4bilel l l a j i t l  (ABDHA. 4!8G). Saiia'a -4bdo (ABDSA. 5'?9S). 
~ 1 i j . a  ;I1iriiadifaiti (AHMPU. 1'?75) ~ ~ r c i a l a ~ i  .AlizaiieIi 
I < X ~  Aiitier ( A N T K A ,  Poo): .JUW +-l t :~r lar i~o~ (ATAJU. i!! 13). .4l~ksanciar Ateyili  (ATEAL. 3'!00), Javad 
I A?' ~ i z i  ' ( A Z I J A .  3'.'54). Lars Bakiiiann (BAKLA. l ' l00). Larice Beiiner (BENLA. 3'?73) .  Orlaiido Bcnirez 

icz (BENOR: 13'?11). Rafael Bciial-ides Palciicia (BENRA. 3 ' 5 3 )  ~ xicolas Biycr ( B I V N I .  3'!42)$ Luka 
.ko\-iC (BLALU. l i?32)? ;Itlri>.an Roziiio.i.ski ( B G Z A D .  5'.'00). Jay Brauscli (BRAJA.  12'.'00). Eiiiil Brez- 

REEM. 1 '?29);  Dustin Brown (BRGDU. 2'?17). Antlieas Biiclirnariii (BUCAN, ll '.lS'i), IYilliani Bur- 
ton  (BURWL. 1!00). Dave Campbell (CAMDA. 0'!75), .Jose Carlos LIillBn (CARJG. 5'?09). Stefan Cikot,a 
(CIKST, 4'?98). St,efano Cr i ld lo  (CRIST: 8!131), llalcolin J .  Currie (CURMA, 4'.'66). Hani Dalee (DALHA,  
8'.'23), Luigi d'Xrgliaiio (DARLU:  3': 13), Deiiis Deiiisseiiko (DENDN,  7'.'83). Sairier Derbi (DERSA, 3!04 ~ 

l-iiiceiit Dcsmarais (DESVI, 1'?63): Peter D crliiic (DETPE: 22',?60). hIilia Devetak (DEVMI, 8!'26), Iia- 
l e i d n  Diaz Paireiio ( D I A V A ,  0!95). 5Iaiiuel DiPgiez Hern. ( D I E M A ,  2!'44) T;esclina Dimit,ro~~a (DIMVE,  
13l.119). cJal;a Dobaj (DOBJA, 11'?67), Suho Dong (DGNSU: 2'?59), .luclrius Dubict,is (DUBAU. 34'?75): 
Toinas DvoFalt (DVOTG. 2'150): '\draiia Dzaja (DZAVE.  2'?42)) Shlonii Eini (EINSH, 3'?29), Sven-Erik 
Enno (ENNSV, 2'.'50), Duiija Fahjan (FABDU, 6'.'23); DaT.id Ferriandez Barba (FERDB, 5'?94), Jose A. 
Feriiaiitlcz .Arozena (FERJQ. O'i95). Lulcas Fcikl (FERLU. l'! 18), Daniel Fischer (FISDA, 5!50) , Mil- 
dred Formosa (FGRMI, 1'?97), Luigi Furlanctto (FURLU. 3!'41), Alartin Galea (GALMR, 5'?64), Sing  
Gao ( G A G X I :  1'?75)> Petros Georgopoiilos (GEOPE, 1!55), Ivanka Getsova (GETIV, 2'?07): George 11:. 
Gliba (GLIGE. 3'.'00), Shelagh Godwin (GODSH. 4 ' ! 6 i ) .  Darja Golikona ( G G L D A ,  1!28), CB,ndido G6mez 
Benitez (GOMCA, 3'?78): Hermcneclildo Gonzdez (GONHE,  2'?67) ,  Kelida Gonzalez (GONNE;  3'!10). Syivie 
Gorkova (GORSY, 10'.'50). R,oselp Gregory (GRERO.  1'?27). Eva Grillova (GRIEV: 2'?9G): Danicl Griin 
(GRUDA. 11'!45). Pavol Habutla (HABPA. S1?88). Cathy Hall (HALCA, 5'121), Jia Ha0 ( H A O J I :  1'?50), Aniir 
Hassanzadeh (HASAM, 6'?-18)> Taltcma Hashimoro (HASTA, 6!33). Harri Hauklta (HAUHA,  3'?05)> R.oberto 
Haver ( H A V R O .  11'?99), Robert Hays (HAYRO.  8'?00), I 'd-Peltka He~ituiieii (HENVE: 1'!02), Zoltan Hevesi 
(HEVZO, 0'!5@), Ken Hodonsky (HODKE: S1?34), Karnil Hornoch (HORKM, 2'?15), Dave Hoskt te r  (HGSDA, 
1'?75) Jiirgeii .JBries (JAN JU, 4'?00) Carl Johaniiink (JOHCA,  0'?80) , Tomislav JurkiC ( JURTO. 3lli.2) ~ Ja- 
vor Kac (KACJA, 18'.'63), Siltolai Kacharov ( K A C N I ,  2!17). IBclav Kalas ( K A L V A ,  5'?38), 5Iihltel Karna 
(KAMMI. l '?00), Esam Kasasbeh (KASES, 4!25)> ;Itsiiyoshhi Kanamura (KAWAT,  0'?50), Soheil Khosh- 
bin Far (KHGSO, 3'.'60): Gregor I<ladiiik (KLAGR,  1'?55). R.adim Kocar (KGCRA.  6!"0), Katja Koleva 
(KGLKA.  4'?51). Khalil Konsiil (KONKH: 8!'41), Petra KorleviC (KORPE, 10h53). Jaltub Koultal ( K O U J A ,  
37!33), Jaroslav Kovarik (KOVJA, 1!50) ~ Llarek Kozubal (KOZMA.  4!44), Dovile Krauleidiene (KRADG. 
111.184)5 hlariya Krurnova (KRUMA. 2'?74), l'ladimir Krumov (KRUVL: T!'55), LIaris Kuperjanov (KUPMA, 
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4?15), Nina Lampi? (LAMNI, 5!37) ,  LIarco Langbroek (LANMA,  5!75), Adrian Lelyen (LELAD, 3h67), 
Anna S. Levina (LEVAN, 14!99), Chun Li ( L I  CH, 2!00), Xian Li ( L I  X I ,  01?94), Yang Li ( L I  Y A ,  
2]?82) ,  Michael Linnolt (LINMI, 2'700), -Andre Lipand (LIPAN, 3!00), Madis Lohmus (LOHMA, 1'712): 
Enrique L6pez Hernandez (LOPEN, 1!9S), Robert Lunsford (LUNRO, 13'773)) Hartviig Liithen (LUTHA, 
3'?42), Jiri Ma (MA JI ,  2'?46), Qiarig hia (MA QI, 0h97). Siaoyun hfa (MA X I ,  2'7223). ,Alan niacrobert 
(MACAL: I h O O ) ,  Jose Luis Maestre Garcia (MAEJO,  3!49), Pet,ra Iiaierova (MAIPE. 5h50), l'eikko 1Iakela 
(MAKVE,  2!00), Radek hlaly (MALRA: 0h89), Grigoris hlaravelias (MARGE, 5'7%) % Jose =Ifonso dos Reis 
hIartins (MARJO, lh96), Pierre hfartin (MARPI, 27!54). Edgardo Ruben hIasa Martin (MASED, 17'?16), 
.khlej. Mat,ous (MATAS, 2'?50), Bert hlatous (MATBE: 12h25): -4lastair I'IcBeath (MCBAL, 4!%), Huan 
hieng (MENHU, 3!23) ,  Fxkdkric LIerlin (MERFR, 17h85), Sfarkko hIeriniit (MERMA, 1'?00), Rein llerendi 
(MERRE, 1'?73), Borce Ililcevski ( M I L B O ,  3'?6 : Jane hIills (MILJA, 1'723). Lfariya SIilcova (MILMA, 
4'?47), Koeii hliskotte (MISKO, 15!96): Jan ocek (MOCJA,  lh47) ~ Xli IIoosazadeh (MOOAL,  2!36); 
hIa1iuela Iioreno Gonzdez (MORMA,  3!63) ~ Thorn hiorgan (MORTH. 4'?04) h a s h  Nabizadeh (NABAR, 
4!43), Sven Kather (NATSV, 5'702), Emil Neata (NEAEM, 2h25), Goran SiksiC ( N I K G O ,  6'177), Brian 
Silsson (NILBR: 3!'99) ~ 5larkku Nissinen (NISMA, 4h63). Francisco Ocafia Gonzalez (OCAFR, 2'?56). 
hlasayiilti Oka ( O K A M A ,  2'?50), Daniel van 0 s  (OSVDA, 4!'82), Dioiiisi D .  Pefialosa YIauri (PENDI: 1h50), 
Yaiigivei Peng (PENYA, 1!34), Irena Pickova (PICIR. i "?60),  Carles Pineda Ferxk ( P I N C A ,  2h16). Senka 
Pintaric (PINSE, 5'.'52), Pedro Porres Olivas (PORPE, 3'134), Lina Hristova Rashkova (RASLI, 1!53), 
Jiirgen Rendtel (RENJU,  6!'79), Ilileny Roche Lamas (ROCMI, 4'!00). Francisco Rodriguez Ramirez 
(RODFR. 1'100)! Jai.ier R.odriguez Rodr. ( R O D J A ,  2!59), Orlando Rodriguez S. (RODOR, 2!27) ,  Javier 
Ruiz (RUIJA, 2'!73). Carlos Sanchez Cant6 (SANCQ: 2'?00), llikiya Sato (SATMK. 1!50), Claude Schnei- 
der (SCHCL. 11?230)3 Rene becq (SCURE. 1'?30). Ivan hI .  Sergey (SERIV. 5'?37), ;\Iiguel Serra l ia r t in  
(SERMI. ~ " 9 2 ) .  Aiazyar dnezhad (SEYMA, 5'100), hIolianiiiiad Reza Sliafaroodee (SHAMO, 1'?00). 
Serge! Shanov (SHASE, Quanzhi Shen (SHEQU. 2';li'); Brian Siiulist (SHUBR, 20!58) ~ Julia Silina 
(SILJU, l l ? O O ) ,  SIaSa Siiireih (SINMA. 6'?14). Haiia Sipova (SIPHA. 4'!94). ITriiias Sisask (SISUR! l l ? O O ) )  
-11idrzej Skoczen-ski (SKOAN, 7'?12)> George Spalding (SPAGE. S'?OO). .Jii.i Srba (SRBJI. 0!86), Llark 
Staffortl (STAMA. 3'180), Eiirico Stoineo (STOEN, 4'!30). TYesley Stone (STOSSE, 9'!00). Sikola Strah 
(STRNK. 4!50]. Pave1 SI-ozil (SVOPA, 1'!37). Da\,id Sn-;inn (SUADA. 4'188). Richard Taihi (TAIRI. 3'131). 
Iiidreli Tallo (TALIN. 3'?15). Ilarlto ToiT.onrn (TOINA. 4'!28). RafaC1 R.. Torregrosa Soler (TORRQ, 0'?38), 
.Josi.p 11. Tiigo Rodriguez ( T R I  JO. 4!!73), .kriiolc! Tukliers (TUKAR. 3''O.j). Sliigeo Uchiyarna (UCHSH. 
3l.192). .Julia ~ z u i i o ~ . a  (UZUJU. 4'?8!3). AIicliel T k i i r l c y i i t t c  (VAN1 . 49!?63). Riis lan \.ellio~. (VELRU, 1'!92), 
'\-aicntiii \-i.lkov ( V E L V A ,  2'?80). TIacIiiiiir TC.H~OI. (VELVL. -1l.13 Jai l  1 . d  JVERJX. T'!03):  Dita l e t r o v -  
c o ~ a  (VETDI. 7'!31 olianna \-ihaleni (VIHJD. 1'?42'1. .\rash 1-oglioce (VOGAR:  1'?92j, .JaroslaJ. \'oSahlili 
(VOSJA. 4'!69), IT in V*atson ( W A T W I .  4'.'93!. I-Ieinricli TTTipcliell (WIEHE. 1 0 1 ? Z ) >  .Jan I\~oloszcuk 
(CV'OLJA, G'!SS), OliJw V'usk (WUSOL. S ! 3 3 ) .  Qiiaiizlii li. (YE Qu. 8'?42). Kim S. loiiniarls (YOUKI. 
2'!03). Robert  Young (YOURD, 3'?50). IIasaaki Yoshiinura (YSMMA, 0'?30), l - i i i  ' ~ ~ ~ i e  ( Y U E Y I ,  4!00), Jui-c 
Zal ci~ijsek ., ' (ZAKJU. 4'?28): .Joscyh Zaiiiinit (ZA!.IJO. 3'?87). Jan  Zai.itski JZAVJA. 1'!30).' Liu Zeiigliii 
( Z E N L I ,  3!'!32)% Bo Zhang (ZHABF: 4!'14)% I i i i n  Zlioii ( Z H O K U .  3'?30). J i i i  Zhu ( Z H U J I .  1'?07), Zij.i Zhu 
( Z H U Z I :  3'?47). Jurga Zieniute (ZIEJU, 14'?91). 1-ladimir Znojil ( Z N O V L ,  1'.'33) 

from 35 couiit'ries: 
Belarus, Belgium, Brazil. Bulgaria, Canada, Croatia, Czech R.epublic, Chiria. Citba. Denmark, Es- 
toriia. Finland, France, Germarij., Greece, H~iiigary, Iran, Israel. Italy, Japan ,  Jorclan, Lithuania, 

mtlonia.  Afalta the Netherlands, Polaiitl. Portugal. Romania, Russia: Slovakia. Slovenia. Spain, 
Sv-it,zerlanti, UK, USA. 

Tlic distributions of observing periods i-ersus solar longitude arid lirniting magniti.1cle are shown 
in Figiires 1 ancl 2.  Tlie solar-longititde distribution shows clips for about, 13"-1811 UT implying 
t,liat' observations from t'he Pacific and eastern Asia are  needed. 

2 .  Observers' perceptions 
In a first, att,enipt, t,o construct a roiigli profile of Perseid act,ivit\-. we iiot8icccl a riuinbcr of noi-ice 
observers locat'ed in Asia. who had s\-stemat,ically higher r a k s  in both Perseids and sporadics 
than other groups. It is thus veq,  likelj- that  thcir limiting magnitudes are undcrest'irnated. This 

AApparent' high perception has its cause-in particular with novice observers-in underest'imating 
t'lie limiting magnitude. The ability to  spot, faint stars in t'lie Lhl  counting areas is not well 
dei-eloped. whercas moving object's like meteors are readily not,iced. 
Low percept'ion often comes along with long-term obserl-ers who ha\-e developed a very good 
abilit,y to  dist8inguish faint stars against' the background. but aging has decreased the detection 

cl our search for estimates of t,lie perception of' the observers. 



234 V-GAA7. the Journal of the IMO 305 (2002) 

probability of quick events. 
perception coefficient can help reduce extreme ZHR values in a dataset. If the  perception 

coefficient is less than unity. the observer see5 ”too fen--” meteors; if it is greater than unity. the 
~bse rve r  sees ?so many“ meteors. 

250 

2 0 3  

50 

0 

S o l a r  l o n g i t u d e  ( J 2 0 0 0 . 0 )  

Figure 1 - Distribution of obseri~ing periods ‘~‘ersus solar longitude. 
The parts n-ith low nunibers are due to  the ”pacific nin- 
 do^" around 13”-18’’ UT. 

200 

z ‘50 

0.b- 4 0  
4 5  5 0  5 5  6 0  6 5  i 0  7 5  

L i m i t i n g  m a g n i t u d e  

Figure 2 - Distribiitioii of observing periods versus limiting niag- 
nit u cie . 

The pciception cocfficiciits ( a n  b e  dciivctl in ser-era1 n.a~.s. One is the applicatiori of the ZHR 
~ r - c r ~ ~ g c s  t hctiirelr sj-stcmatic Ira).. lie 
can be clssigilcd erccption coefficient. Using thc mean ZHRs of a inajor shon.er bears the 
enormous ad lmtagc  of large meteor niinibers inr-olved Statistically profound results can be 
obtained. However. t h P  ZHR average from rvhich the deviations arc computed must be close to  
t hc (uriknown) t rue  ZHR ~ and a rclatirdjr large averaging period must thus he used. If the true 
ZHR nmi not constant oi-er this period. deviations may result from physical changes in the ZHR, 
i n s t ca cl of o bs err-e r s ’ detect i on proper t i Such long averaging periods are t>-pically available for 
the Perscids in  the pre-maximum period of early August. Unfortunately. onlv a small fraction 

If a n  obsciver’s ZHRs clcviatc from the average in 
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of observers natches in that period Elen in an extended peiiod from Xc = 130" to  137". there 
are on11 43 of the total 222 observeis for whom a correction would have been found 
Another way vas chosen in this anal\ sis The sporadic meteors pro\ ide a fairly constant source 
of approximate!!, random meteors Their rates change 7 w - l '  little during the month of August 
(despite a slight diurnal variation which is riot very pronounced in .iugust-October) The 
disadvantage is the smaller number of meteors on which the perception coefficients are based 
Nevertheless, the aveiaging period can be chosen to  be Lerj long it can actually cover the entiie 
actility period of the Perseids 
One might derire an axerage spoiadic hourly rate foi the entire data set, but the Vzsual lZrleteor 
Databas? ( V,IfDB) includes observations of sevei a1 types Recoids which only discriminate 
betneen Peiseids and non-Perseids will tend to proI-ide larger sporadic iates than records in 
which the ST'orking List of I-isual Jleteor Showers was applied in full  SSTe have thus divided the 
dataset into these t n o  gioups The group with records according to the \\-orking Llst delivered 
ail average sporadic rate of HR = 1 2  3 The other group in which shoners may be omitted jields 
HR = 14 3 It seems natural that the second group has a higher HR Since the averages are 
well nithiri the tj-pica1 sporadic rates of 10-13. we have good reasons to  use them as reference 
1 alues 
Now the records of each observei aie compared with these reference rates, and the resiilting 
peiception factois cp = Hin~ l J l c l ,~a l /HR ai(' a\Piaged This hon.c1cr. is not tlie end of the itor!.. 
since the sporadics have a laige population index T of roughlj r = 3 impljing an abiindarice of 
faint iiicteois ielatii-e to the biight ones If a n  ohser1ei has oieiestiiiiatecl his LA1 (cp < 1) aiid 
is thus iiot as good at  spottiiig faint iiieteois a5 his LLI suggeits. he will miss a lot of sporadic 
iiicteoii -1 iiieteoi slionei ma) haIe (1 lon popiilatioii iiidex of i a j -  I = 2 The ielatiJc lois of 
iiiCtC'ois at the faint eiid will not b e  that diciiiiatic \T7e expect that depeiicis on r -4 T-alue 
uliicli i i  expected to he miicli 1 ~ 5 5  dtq)eiidciit on 7 is a coiiectioii of the LA1 (since it actual11 

iiii to  bc ciiffpieiice of inetc~oi-L\I anti \ t a i -L\ I  i \ h i c h  TIC uciiit to iediice) lye compute 

The cquat8ioii caii b e  in\-erted to  obtaiii I L \ I  11.; 

LLAI = log el,/ log r.  

-4 list of' 128 obsen-cm for whom ive obtaiiieci perception ~-alucs  i n  terms of A L l I  is gismi in 
Table 1. The selection arose from a minimuni number of four observing periods coniposiiig the 
aiwage cp. Obser\.ers reportiiig closest t,o the aiwage sporadic hourly rate get, l L h 1  = 0. It 
seeiiis satisfactory that, the iiia,joritj- of G'i '% of the ohserl-ers 1iai.e iALII1 < 0.5. Their correction 
in limiting magnitude is less than half a magnitude. It should be iioted here t,hat a large value of 
i l L N  does not mea.n the observatioiis are particularlj- bad. If the observer consistent,ly report,s 
with such a n  Lib1 offset, then the observatioiis will be equally valuable as those of' a ALAI = 0 
obseri.cr. The iinportant point, is the coiit,inuity in the observing beliavior. 
Deriving a correction for perception from sporadics has a drawback: systemat.ic deviations from 
the average ZHR.s may be ca,used 11). incorrect shower association. rln observer might ~ for 
example! dassif;; lot of Perscids :IS spordic:j> bcc:,us~ h~ szc :'hem near the edge of the field 
of view. Then tlie Perseid num1)ers will lie too l o y  the number of sporadic meteors will be too 
high. This high miinber of sporadics will result, in a cp > 1 or AL\1 > 0. Since the correction 
decreases the rates of all shoners arid sporadics lat'er on, the Perseid rates will be even lower! 

3 .  Population index 
These coirect,ions on the limiting iiiagnit,ude are not applied t,o the raw d a m  in first, place. 
Before a computation of the ZHR, we have to know about t'he 1-ariations of t,he population index 
n-itli time. The determination of the population index. however, also depends on the limiting 
magnitude. The Alm are thus applied t'o the magnitude dist'ributions of the Perseids first. 
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Table 1 - Perception data in terms of a limiting-magnitude shift Alm for obseriers 
with at  least 4 observing periods Note that these values are based only on 
the actiritl peiiod of the 2002 Perseids 

Observer 

S E R M I  
T R I  30 
MORTH 
M A E J O  
BRA J A  
C R I S T  
N I L B R  
P O R P E  
O C A F R  
DENDN 
KRUMA 
J U R T O  
Y E  Q U  
L U T H A  
MAKVE 
MARJO 
LUNRO 
VELVA 
E I N S H  
GOMCA 
HAYRO 
I~IUSOL 
ZHOKU 
S T O E N  
S T R N K  
S H U B R  
H A O J I  
GALMR 
STAMA 
WATWI 
LEVAN 
RUI J A  
N A I P E  
A T E A L  
Z A K J U  
MATBE 
F A B D U  
WOLJA 
L I  YA 
D E R S A  
KRADO 
MA R P  I 
SKOAN 
HOSDA 
S T O W E  
Z I E J U  
KAC J A  
HAVRO 
V E R J X  
ATA J U  
HABPA 
M E R F R  
KALVA 
CURMA 
P I C I R  
D I M V E  
L E L A D  
S P A G E  
L A M N I  
MORMA 
VANMC 
G O R S Y  
S I N M A  
D E T P E  

n,nt 

12 
18 

5 
11 
12 
8 
8 

21 
32 

8 
15 
10 
6 

13 
4 
8 

14 
16 

7 
15 

8 
12 
10 
10 

22 
4 

4 
s 

1; 
11 

4 

__ 

5 

3 

- 
1 

3 

13 

7 
8 
f 

10 
30 
3G 

5 
8 

15 
21  
16 

9 
1 4 

9 
45 

8 
5 
7 

10 
4 
6 

8 
54 
11 

17 

- 
/ 

3 

c 
I 

- 

nspo 

4 
5 
4 
5 
45 
13 

9 
9 

20 

6 

14 
5 
2 

99 
12 
19 
10 

43 

2 s  
13 
119 

2 3  
23 
22 

111 
15 
2; 
17 
46 
87 
53 
41 
1 7  
14 
81  

300 
43 

5 
129 
81 

192 
106 

i 1  

210 
70 

155 
27 
54 
37 
74 
11 
15 
65 
12 

534 
62 
75 

169 

___ 

7 

- 
i 

- 
I 

- -  
33 

3 

3 

_ I _  

- 

Aim 

-2 100 
-1 9 5 1  
-1 310 
-1 280 
-1 270 
-1 270 
-1 210 
-1 060 
-1 040 
-0 980 
-0  960 
-0 920 
-0 840 
-0 840 
-0 710 
-0  640 
-0 609 
-0  590 
-0 550 
-0 350 
-0 530 
-0 520 
-0  480 
-0 480 
-0  A G O  
-0  441 
-0 420 
-0 350 
-0  350 
-0 310 
-0  300 
-0  300 
-0 280 
-0  280 
-0  280 
-0  270 
-0 270 
-0 250 
- 0  250 
-0  250 
-0  237 
-0  230 
-0 220 
-0  220 
-0 200 
-0  195 
-0 170 
-0 160 
-0  150 
-0 144 
- 0  140 
-0  140 
-0  120 
-0 120 
-0  100 
-0  100 
-0 100 
-0 090 
-0 030 
-0 020 
-0  017 
-0  010 
-0 010 
T O  010 

Observer 

MASED 
HODKE 
HASAM 
F I S D A  
MCBAL 
R E N J U  
L I N M I  
LANMA 
D O B J A  
W I E H E  
KOCRA 
B E N O R  
KHOSO 
S I P H A  
MARGE 
DUBAU 
BUCAN 
S H A S E  
C A R J O  
V E T D I  
OSVDA 

SWADA 
KOLKA 
MOOAL 
HALCA 
KRUVL 
R A S L I  
TUKAR 
A L I A R  
GONNE 
ZAMJO 
SEYMA 
MA X I  
B I V N I  
P I N S E  
K O U J A  
R O C M I  
B E N L A  
Y U E Y I  
J A N J U  
BOZAD 
R O D J A  
D E V M I  
A Z I  J A  
C I K S T  
V O S J A  
F U R L U  
KOZMA 
P I N C A  
S E R I V  
U Z U J U  
V E L V L  
H A S T A  
U C H S H  
K O V J A  
N I K G O  
Z E N L I  
K O R P E  
S A N C Q  
Z H U Z I  
GRUDA 
MENHU 
G R E R O  

M I S K 0 

n,nt 

104 
5 

8 
22 

7 
6 
1 

19 
1 4  
33 
6 

63 
4 
4 

35 
1 7  
1 

20 
10 
19 
15 

5 
14 
4 
6 

22 
9 

10 

17 
6 
7 

10 

39 
4 
8 
8 
4 
6 

12 
9 
5 

5 
10 

5 
26 

5 

6 
7 
4 
4 
8 
4 
9 
4 
8 

12 
4 
5 

___ 

., 

3 

3 

7 

3 

3 

n s p o  

69 
102 

2: 
45 
28 
i 3  
25 
99 

113 
62 
33 

215 
12 
25 
26 

-112 
101 

24 
36 
27 
36 

255 
33 

12 
3 1  

137 

36 
21 
22 
51 
27 

36 
48 

351 
25 
50 
52 
18 
35 
23 

157 
2 1  
24 
20 
45 
43 
12 
23 

1 2 1  
42 
94 
28 
21 
47 
37 

127 
12 
69 
87 
49 
10 

w . .  
I S  

- 
I 

- 
I 

hlm 

+0 010 
$0 0 1 1  
T O  040 
+0 050 
T O  050 
+0 050 
T O  060 
+o 080 
+0 085 
$0 100 
+0 100 
$0 120 
t 0  125 
+O 130 
1 0  130 
+0 147 
+0 150 
t o  150 
$0 150 
T O  160 
+0 170 
+0 180 
+0 180 
+0 190 
-0 210 
+0 240 
T O  2-10 
-0 240 
+0 240 
+0 250 
10 270 
+ o  270 
t o  271 
+O 300 
+0 330 
A 0  340 
+0 390 
+0 410 
+0 430 
-0 430 
+0 460 
+0 4 i 0  
+0 470 
$0 480 
$0 520 
+0 520 
+0 528 

+8 570 
t 0  580 
-0 630 
1 0  640 
1 0  670 
-0 700 
+o 730 
+0 780 
-0 800 
+O 810 
t 0  830 
+0 930 
-0 950 
+O 960 
+0 960 
tl 960 

220 
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An adaptive-windom algorithm is used to find a suitable breakdown of the activity period into 
bins for a.ireraging. The procedure tries to  collect an optimum number of meteors in a bin-here 
1900. If this would lead to  an averaging bin of more than a day (more precisely l ? O  in solar 
longitude). the one-day population index is used regardless of how low the number of meteors 
is. If the optimum of 1000 meteors were to  be found in a window of less than an hour (yes, this 
happens in a global analysis), the full hour is used regardless of hon- much the meteor number 
exceeds 1000. 

1.8 .. . 

135.5 139.0 139.5 140.0 140.5 141.0 141.5 
Solar Longittide (2000.0) 

Figiirc 3 - Population iiicles profile of t,lic 2002 Perseids. The  profile n-as obtaiiictl after the appli- 
catioii of perception c,orrcctioiis for iricli\itiual o b s c n w s  as derived from their sporadic 
meteor rates. 

The rcsult,iiig graph of t>lic- t>iiiie near the iiiaxiiiiuIii of t81ie Perseicls is shon-n in Figure 3. -4 verjr 
clear dip c1on.n to  i' = 1.85 i 0.04 is foiincl nmr  X I  = 139?!30 (August' 12: 20" UT). lye will 
see later t,hat this minirniini occurs before t,he maximum of Perseid activity -4 very quick rise 
in T '  follows, ;uid the population index reaches 1' = 2 .1  5 0.04 near XG = 140?08 (rlugust 13, 
01'201" ET) when we will also find the ZHR maximum in the following Sect'ion. The population 
iridcs returns to  r z 1.9 oiilj. a few Iioiirs later gii-ing the impression that a broad inininiuin is 
siiperiiiiposcd bj- the above-mentionccl maximum of' r = 2.1 .  

Thc changes are significant'. but, nevertheless one should scrutinize other possible c a u e s  than 
t'lic. act,i.ial st'ructiire of the meteoroid stream. -4 dependence of r on the radiant elevation was 
siiggested hj- Bellot R,ubio (1995). In t'liis Paper, we will deal n-it11 a general correct'ion of the 
ZHR, which turns out t o  be of limit'ed use; a st'udg of a radiant height dependence of T is due. A 
sharp r-maximum coinciding wit'li t'he actiJ-ity maximum is in fact, a rare feat'ure in the Perseicl 
rncteor shower. 
The full populat'ion index profile of the Perseids is shown in Figure 4. It, is obvious that' t'he values 
nea,r the elids of t'he activity period are quite uncertain, but they do indicate that the population 
index merges wit'h t,ypical sralues of sporadic met'eors of T 2 3. This does not necessarily meaii 
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the population index of the Perseids is 3 near then beginning or end of the activitjr period. It 
a150 means that the contamination of Perseid rates with accidentally aligned meteors becomes 
large1 then If the Perseid ZHR were exactly 0. a remaining rate of roughly 1 per hour n.ould 
remain due to  chance alignments of sporadics. 

5.0 

4.0 

3.5 

1. 

3.0 

2.5 

2.0 

126 17s I30 132 134 136 13s 110 112 111 146 
Solar Longitude (2000 0) 

Figiirc 4 - - ~  Fill1 p O p u 1 i i t i o i i  iiitles profile of t,he 2002 Perseicis. .A inagriificatioii of this \1-as slion-11 
i n  Figure 3. 

4. Activity profile 

11-c> c a n  iiow go alicad and a p p l ~ ~  tlic shifts i n  liniithig magnitude: -11111: to the rate data aiicl 
iisc thc population index profile of Figure 3 to coi'rect for lm f +6.5. rl r-ery similar algorithm 
creat,iiig \-a.riablc hin sizes as for tlie population index is applied. The optimum mcteor number 
is iiow 300 in orclcr t o  make possible fine st,ructures T-isible. The maximiini window width is 
again I" in s ~ l a r  loilgitudc (roughly one da j - )  ; as to  t,he ininiiriuni width, tlie n.iiido.iv should 
includc at, least 1-hour observations regardless of how many met]eors are collected in the bin. 
Acldit8ional criteria for tlie selection of dat'a are the radiant, eles-at ion which should exceed 10" 
liere. and the total correction factor c = T G , ~ - ~ ~ F  / s in h , ~ ,  which should not csceed 8. The 
syi~ibols F and h~ mean the factor for field obstructions (clouds. buildings) and the radiant 
(do\-ai-ion. respcctively. The al-era,ging algorithm again tries t,o compile an optimum meteor 
i~ i in i I .~~~r  in each average 12). an adaptive step size-here 500. Obsersing periocls sho~ild not be 
lo~igor than t-dio h i  size for averaging. For example. if the meteor numbers are large. and the  
aimaging window has decreased in widt'h c1on.n to  about 1 lioiir. observing periocls longcr than 
1 ho11r arc cscl11ded. 
The result'ing ZE-IR profile is shon-n graphic all^^ in Figure 5 and numerically in Table 2.  -4 clear 
rnasimiiin at' AD = 140?109 (,4ugust 13, l"06" UT) can be seen. -4 smoothing funct'ion would 
place tlie inaximuni a bit earlier: say near As = 1-10?08 (August 13. 0"20'n UT). actua,lly right 
t'here where the  maximum in i- was. Tlie act'ivity l a d  is slight'ly higher than the average of 
prex.ious !rears: the mean maximum ZHR of 1988-1999 gives 90 (ilrlt 1999; excluding the lon- 
1-aliie of 1993); the profile of Figure 5 suggests ZHR, = 106 k 3. Tlie highest obscriwl ZHR a,t 
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the time of the traditional maximum occurred in 1988 with ZHR = 106 It 22 but, a t  that  time, 
the joung Perseid peak prior t o  the traditional maximum may have blended into the traditional. 
The  same could easiljr hold for 2002. since the early peak has not been detectable as such since 
2000. 
,Although no significant peak before the traditional maximum is detected near the expected solar 
longitude of 139?7-139?9. a clear activity shoulder near Xz = 139?4 (-August 12, 7h20m UT) is 
yisible in Figure 5. This time falls close to the passage time of the descending node of the 
lOSP/Snift-Tuttlc's orbit. This suggests the particles' orbits do not deviate much from the 
cometaij- one. Npvertheless, since we are 10 years after the perihelion passage of the comet. we 
think it n-ould be too vague to  conclude that fresh material of onlj a fen. rei.olutions age n.as 
en co ~i n t e r ed t hen . 
-Another ped< occiirs near X I  = 140'91 many hours after the traditional maximum. This 
value tuiris out  to  be problematic as can be seen from the plots in Figure 6 where the ZHR 
profile is drawn together with the ax-erage radiant elevation of each of the ZHR ayerages. The 
mean elei.ation for the late peak is onlj- 29'! The other features of the ZHR profile do not 
correlate apparentlj- n-ith the average radiant elevation. ' let the case near A 2  = 140?91 suggests 
scrutini~ation of possible radiant-height effects which are not covered bj- the sin hn correction. 

12c 

I I (  

1 O( 

9c 

8C 

70 

ZHR 60 

50 

40 

30 

20 

I0 

138.5 139.0 139.5 140.0 140.5 141.0 141.5 
Solar Longitude (2000.0) 

Figure 5 - ZFIR profile of the 2002 Perseicls near their maximum, haserl in the population index 
profile of Figure 3. Both graphs are deri1wl after the application of perception correc- 
tions for intli.i.idua1 olsseriws. The averaging bins vary betncen 0?042 and 1" in solar 
longitude: the optimum iiictcor iiiiiriber is 700. The high value near A:3 = l40F9 is 
based on observations n.itli ~ ~ r y  Ion; radiant elevations and slioiild be used n-ith care. 

Occasionallj-, an csporient different' froiii unity has been proposed t,o alt,er tlhe radiant' elevation 
correction. thus sin-' h ~ ,  where ;, is called the "zenith exponent". If t'he t8rue ZHR,,,,, is assumed 
to  lie 1tnon.n; the observed HR needs to  be correct'ed for the  raclia,nt' elex-ation by 

n-hcrc~ HR is the hoiirly shower rneteor rate corrected for limiting magnitude and field obstruc- 
tion bLi t not for radiant elel-at ion. 



240 \YGN. the Journal of the IMO 30:6 (2002) 

Table 2 - Numerical h i n g  of average ZHR values derived for the 2002 
Perseid met,eor shower. Solar longitudes refer to eq. 52000.0. 
T gives the population indes from linear interpolation between 
the T-aiues of Figure 3. :Viint is the number of observing i n t , e r d s ;  
TIPER is the number of Perseid meteors involved in the average 
- ZHR whose errors refer to Z H R / J m .  The last column, 
lm) is the simple arithmetic aT.erage of the limiting magnitudes 
of the A'Vil,int observing periods 

A, 

112"810 
114'237 
116"327 
117'632 
125'349 
126"330 
127' 92 1 
130'679 
131'598 
133'194 
133"973 
133"023 
136'051 
136'748 
137'814 
138'130 
138'304 
138"7G2 
139"076 
139'194 
139'333 
139"417 
139"479 
139'713 
139"833 
139'888 
139'941 
139'981 
140"021 
140'067 
140'109 
140'146 
140'235 
140"430 
140" 9 10 
140"963 
141"013 
1-11~068 
141"331 
141'976 
142'694 
143'791 
144'872 
146'046 
146'837 

1.82 i 0.96 
1.93 i 0.98 
1.64 i 0.67 
2.84 i 2.45 
3.28 3 1.80 
2.96 i 1.16 
2.67 i 1.90 
1.95 i 0.20 
2.07 i 0.24 
2.14 i 0.14 
2.16 i 0.16 
2.07 i 0.13 
1.94 i 0.07 
2.06 i 0.08 
2.10 I O . 0 6  
2.10 i 0.05 
2.11 It 0.03 
2.03 i 0.04 
2.00 i 0.04 
1.97 i 0.04 
1.95 i 0.04 
1.94 i 0.03 
1.92 * 0.03 
1.89 i-I 0.03 
1.87 i 0.03 
1.86 i 0.03 
1.86 i 0.03 
1.90 i 0.03 
1.96 i 0.03 
2.08 i 0.04 
2.05 i 0.04 
2.00 i 0.04 
1.93 i 0.04 
1.94 i 0.04 
2.00 i 0.04 
2.01 i 0.04 
2.01 i 0.04 
2.01 i 0.04 
2.03 i 0.04 
2.07 i 0.06 
2.04 i 0.09 
2.21 i 0.18 
2.36 i 0.22 
2.18 i 0.75 
2 .55  i 2.18 

2 

6 
9 

15 
15 
7 

28 
19 
21 
16 
25 
45 
35 
38 
51 
4s 
29 
69 
61 
19 
14 
14 
18 
19 
23 
49 
86 
81 
84 
98 
39 
36 
27 
32 
32 
22  
28 
51 
40 
41 
23 
34 
4 
3 

3 

1 
3 
4 
6 

17 
25 
16 
73 
72 
159 
140 
182 
494 
447 
475 
485 
481 
47 1- 
487 
472 
407 
479 
479 
483 
483 
499 
895 

1122 
1169 
1193 
1382 

720 
483 
497 
484 
480 
483 
409 
487 
48G 
397 
115 
174 
17 
5 

ZHR 

1.6 i 1.1 
1.5 i 0.8 
1.6 i 0.7 
1.8 i 0.7 
4.; i- 1.1 
6.9 i 1.4 

11.8 * 2.9 
8.8 i 1.0 

10.7 i 1.3 
17.3 i 1.4  
21.7 i 1.8 
16.4 i 1 .2  
23.8 i 1.1 
22.7 r 1.1 
31.0 i 1 .4  
33.3 i 1.5 
34.8 i 1.6 
45.6 I!C 2 .1  
41.8 2 1.9  
56..5 i 2.6  
70.9 i 3.3 
84.7 5 3.9 
82.4 i 3.8 
83.2 i 3.5 
94.5 I_ 4.3 
95.6 i 4.3 

101.1 i 3.4 
97.0 i 2.9 

102.7 If 3.0 
99.6 i 2.9 

106.1 i 2.9 
96.8 + 3.6 
81.5 i 3.7 
68.2 i 3.1 
74.5 i 3.4 
55.7 i 2.5 
58.1 i 2.6 
53.6 k 2.5 
37.6 i 1.7  
27.3 i 1.2  
18.1 z t  0.9 
11.9 rt 1.1 
10.3 i 0.8 
5.4 zk 1.3 
5.0 i 2.1 

- 
1 I l l  

16 .34  
+6.29 
+6.31 
+6.06 
f 5 . 5 2  
+5.47 
G . 8 G  
t.5.92 
+6.06 
+6.20 
t5.91 
-6.44 
+6.23 
-6.56 
+6.17 
+G.1.5 
+G.20 
-G.27 
+G.O9 
+.j.Ss 
-6.05 
+6.22 
-6.00 
+5.98 
i-5.60 
+3.91 
+5.90 
$3.99 
+6.07 
A6.06 
+6.13 
i 6 . 2 0  
tG.18 
+5.83 
16 .34  
+6.41 
+6.52 
16.45 
tG.27 
+6.21 
+6.22 
t 6 . 3 1  
+6.19 
t6.46 
+6.25 
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T h e  best idea o f t h e  true ZHR we have is a profound average of individual ZHRs from observa- 
tions with high radiant elevations for which the possible ?-correction will be marginal. TT'e thus 
replace the true ZHR b!. the average from observations with h~ > 50" and have 

The  exponent or can lie found by a linear fit through the logarithmic da ta  points 

= n1 log siii h ~ .  HR 
log m;,; 

Since the value of the  "true" ZHR varies: n-e const,ructed a new activity profile with t'he observing 
periods having h~ > 50" and-in order t o  reduce possible other sj-sternatic errors-with a 
maxiinum correction of C < 5. Because of' the reduced number of obsert-ing periods result'ing 
from these remictions: maximum and minirnum window sizes are larger than for the profile o f  
Figure 5: n.c used 8" and 0?08 respectiT7ely. The optmimum meteor number was set t o  500. TYe can 
now compare these "t,rue" ZHRs Tvith the iiidiiridual rates, uncorrected for radiant eleT-at'ion. 

Since the pcrception correction and the  radiant elel-ation correctioii are competing effect,s: n-e 
iised the original observing periods without applj-ing Alm, -411 the obser\.ers for n-horn 1111.1 xas 
found to lie larger than I 0 . S  were deleted. The total number o f  1807 ol.)serl.ing periods rediicetl 
to  1498 periods. 

The: incli\-idual ~xl i ies  of log siii h~ and log HR/ZHRj,, t,aken from the entire pei,iod arc plotted in 
Figlire 7. If there TYCW oii1:- a sin / i ~  correctioii betwei i  tlie l iourl~.  rates a n t 1  the ZHRs. ~ v e  slloiild 
h i t i  thi. clots 011 a linc with a slope of 1. Despite t h e  eiiormous scatt,er in  I ~ O  data poiiitu. il-e (:all 
ti!. t o  fit a rc:gression line: its slope is equal to A , .  The result, is 0; = 1.11&0.03. -1norhcr ruii J r i r l i  
tile tol.al nuinher of perception corrected, incli~-idual observing periods tl(~lii-creti hl = 1.16 * 0.03. 
1 liis iiieaiis that  TI-? tire riot facing selection effects such as "lo-\~-i)ercei)tioii oliscri-crs cletcmed 
n-hilp obsm-ing chiefij- at  lon- racliant altitiides" . 

-4 l.aliic for yr' close to unitj- means that  the deviations from the simplest gconiet>rical correction 
sin hp, is sniall. Let iis rcmcmlier tha t  tlie major things changing on a meteor when the radiant 
is low at the horizon n-ill be it,s riiagnit,ude and it,s path length. The first change xi11 have ail 
iiiiiiietliat'e effect on tlie population index. The modification of t,he ZHR formula thus appears 

~ 

-. 

fa\-o r a b 1 e p 1 ac c t o a p p  1 y no 11- ge o me t r i c a1 r ad i ant - h e i g h t co r Ie c t'i o 11 s . 

5 .  Summary 

Thc global maljrsis of the 2002 Perseid meteor shower. as presented in this Paper: is hased on a 
clat,asct of more than 23 000 met,eors recorded by 222 observers. Il'e find a smooth acti1;ity profile 
with its inaximiim (highest, point) a t  Xo = 140?109 corresponding to  -\iignst 13: 11'06"' UT. The 
riiaxiiiiiirii ZHR. TWS 106&3. The acti\.it,y graph has a clearly slewed shape with a. longer duration 
of high rates hefore the  niiixiinuiii. Hon-e~-er. a prc-rnaxirrium peak as obser~-cd in 1988-1999 

metrical corrections for the radiant height altering the correction to  sin-' h , ~  
n-as clone using t'he eiit,ire activitjr period of the shower. -4 merely geoinet'rical correctioii implies 
7, = 1: we found an average of 7 = 1.17. This 71 > 1 suggests tha t  observations at low radiant 
cle\-ations iintlerestimate tmhe activit,j- slightly. However. an activity pecik near As = 140?9 was 
produced by lov-radiant-height, observat#ions. This behavior indicates < 1. Dependences of 
the physics of met'eors on the radiant elevation cannot be addressed clearly wit'h the ?-exponent. 
-4 radiant height dependent' r-value should be the first thing to look int,o. 
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Figure 7 ~ Scatter plot and fit to determine the exponent -t in the radiant 
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periods). The  value of -1.2 corresponds to 1 T 5 .  n-Me -0.6 stands 
for 33". The  slope of the fit line gives = 1.17 here. 
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Global Electrophonic Fireball Survey: 
a Review of Witness Reports-I. 
D. VznkovzC, S. Garaj, P.L.  Lzm, D. Kovatzc', G. ZgrablzC, Z. Andre26 

- - __ 

Despite mole than 300 years since its first scientific desciiption the phenomenon of electrophonic sounds from 
meteors still eludes complete physical explanation .iccording to accepted knowledge, the sound itself is created 
by strong electric fields on tlie ground induced b) tlie meteor Nonetheless, there is no convincing theory 
tha t  can fullj explain how a meteor can generate such a strong electric field The extreme rareness of the 
pheriomenon lids pier ented a substantial experimental nork so far3 th115, conwquently. it remains on the margins 
of scientific iriterect This is quite unfoitunate since thebe electric fields suggest the existence of a highlv complex 
electroiiiagiietic coupling and charge dyiiamics betTieeri tlie meteois and the ionobphere Therefore the existing 
theoietical nork relies mostly on the nitness reports The Global Electrophonic Fireball SurrreJ (GEFS) is the first 
SJ stematic surr e l  of xitness ieports of these sounds ruth a standardized questionnaire designed exclusir ely for 
this plieiiomeiion Here lire piesent the overall picture of the phenomenon tha t  emerged after almost 100 reports 
collected 1 3 ~  GEFS It  becomes clear rion that tlie loner meteor brightness Iiinlt is about magnitude -2, suggesting 
a bias iii tlie existing electrophoiiic sounds catalogue' toward blighter meteors In contrast to the current belief 
that  such lon biightness electrophonic inetwrs produce transient sounds. we find that the) can also pioduce 
sustaincd wuiids The current theories cannot accoinrnodate these results lye ter ive the old idea that the 
electioplionic sourids can be created bj the corona. dzachar ye mechanism. in addition to the euisting pievalent 
suggcstioii of iesoiiant ~ ib ia t ior i  of objects on tlie giound 

1. Introduction 

rliidihle souiitls from 11 ors c a n  he ciil-ided into two groups: nomnctl and u~nonzalous  ( e l ec -  
30 

froiir or bj- a teriiiiiial burst aiicl they propagate a t  the speed of sound. Heiice they display a 
riot,iceahlc tiiiie clc.laj- b e t n w n  tlie 1-isiial of tlic 1iic:tc'or a n d  an audible detection 011 

tlic grouncl. In contrast. aiioiiialoiis sounds 1;ic:li tliis time tlelaj-. n-hich means that  tlie light and 
the  soiiiitl are observed siiiiult aiieouslJ-. The oxact iiieclianisni of their procluctioii lij- a meteor 
is still riot knonn clue to the cxt reiiie rareness of this phenomenon. 

T h c ~  first writton record of distinction hct,n-ccn the norinal and aiioiiialous sounds dates back 
t o  tlic 17th c:eiiturj-. E l m  t,liougli t]he concept of' electromagnet,ic (EAI) war-es was iinknon.n at' 
t h a t  time. almost iiistaiitaiieoiis propagation of the aiioiiialous sounds 01.w a large distance was 
suspected to  be soniehow coiinected to  the "electric ma r" , Nevertheless. the esist,eiice and 
realit,!- of' anomalous sounds n-as often denied bj- sciciiti . especia,lly when the real nature of 
mcteors was discoT-ered in t,he 19th centiirj.. Since tlicin. tliesc sounds ha\-e been niaiiilj- ignored 
11j~ thc scimtific comiiiuii i t~-~ despit,e tlie persistent :nicrgcnce of witness accouiit,s. Coiisecyueiit ly, 
t'h e ail o ilia 1 o 11s in e t'eo r sou 11 ds ha 1-e 11 ec o I 11 e the o 1 cl es t ii 11 e s p  1 ai ii e d astronomic a 1 p h erio in en o 11 . 

Over t'he ycars: scarce theoretical rcsearch lias nia,nagcd t o  establish a connection het'n.een t'he El1 
n.ai.es arid aiioinalous sounds. In t,he first cxtciisiyc study of these sounds,  Roinig k L'amar (1963) 
concluded t'liat, t'liese sounds arc most probably siiiiilar t o  the brontophonic sou,n,ds (siinult,aneous 
with, or slightly preceding, the lightning st,roke) arid U,~J,TOTU sounds  (a.nother poorlj- studied 
11 h cii o in en on ii lids s i mu 1 t an  c o 11s wit, h 11 right a 11 r o r as) . Tli e J. c o 11 c111 d e d t'li a t t 11 e so II 11 d is 

cl 11y c o m i m  d i scharye  on sharp conductors, incliiding plant, leaves. Keax (1980) narron-ed 
tho  f'rec4iieiic~- region for these Ehl n'aves t-o tlic ELF/J7LF (between 30 Hz and 3 kHz) region. He 
also coiiductetl experiments on huinaii sub,jccts aiitl coricliiclecl t h a t  the  ELF/\'LF electric fields 
are capable of escit'ing ordinary ohjects around the obseryer, from metals to dielectrics, int'o a 
resonant. vibrat'ion which then produces a sound in the same frequency range as the EM waves 
(Keaj. & Ostn-ald 1991). This has become a widely accept,ed t'heory arid the  c:orona discharge 
mechanism has been mainly forgotten. 

The term "elect'roplionic sound'' n-as used for the  first, time in 1937 as a descript,ion for sensation 
of a sound caused bj' electrical current, through the head (Stevens 1937). -4 fevi years lat,er 

t i,oph 0 i% i, c ) sol.lllds. 1 sounds are  acoustic T T - ~ T ~  produced either hj- a hjyersonic shock 
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the term "electrophonic bolide" entered meteor astronomy as a description of a bright meteor 
accompanied by anomalous sound (Drasrert 1940) 
-411 this, however, merely moved the problem from hon t o  create a sound to hon- to create a 
strong ELF/I'LF radiatioii from a meteor Sound can be created from tlie ELF/\'LF waves 
0111~ if the electric field at the ground is of a t  least several hundred I * / m  Considering the 
large distdnce between the observers on the ground and a meteor. the electric fields in the 
\ i c in i t j  of the meteor should be rnanj magnitudes larger than on the ground (due to inverse 
squdre dependence on distance for frequencies of kH/ and higher and approximately exponential 
dependence on distance for lon-ei frequencies) (TTang. Tiran & Silverman 1984) This problem 
liai been studied theoretically by several authors (for an older review see Bronshten 1991) (Beech 
& Foschirii 1999), including Keay (1980) Nonetheless, the first instrumental recording of the 
electrophoiiic sounds combined with a T ideo and I'LF obseivations during the 1998 Leonids 
showed that  none of the evisting theories can explain the da ta  (Zgrablid et a1 2002) 
E ~ e i i  though all these theories have been based solely on witness reports. there has been no 
attCnipt to collect them TT it11 a staiidardized questionnaire The existing catalogues of electro- 
phoiiic sound repoits (Romig 22 Laiiiar 1963 . Kazrici 1994. Keaj 1993a) ale usually extracted 
fioin other sources, mainlj from the fiieball catalogues, and then statisticallj analyzed Consid- 
eiirig how little we understand the nature behind this phenomenon, the witness reports are still 
a laliiable source of irifoimatioii Tno jeais  ago. n e  initiated the  Global Elcctiophonic Fiieball 
S u i l e j  (GEFS) to collect these iepoits i n  a staiidardized form ( 1 7 i n k o ~ i d  et a1 2000) -1ftei 
ieceiling almost 100 repoits. we present lieie a ievien of the collected ch ta  Some ieports of 
q p ~ ~ i a l  interest (such as the Leonids 01 irieteoii 111th complete t ~ a l e c t o i r  ) ale  piesented in riioie 
clctriil Due to the liniitcd i p x e  in the J o u i ~ i ~ ~ l  we ~ a i i  iiot pieieiit tlip complete iepoits but 
tlicil call lie accessed at the  GEFS neh-page h t t p  //www g e f s p r o j e c t  o rg  01 obtained from 
l i b  O i l  iqnc.; t  

2 .  Statistical analysis of the reported electrophoiiic sounds 
T\-itnc.ss reports  m r e  collected 11). the fo1lon.ing iiietliocls: through tlic on-line HTIIL data 
siibinissioii form, e-mail usiiig a test, lws ion  of tlie forni. or iiiforiiial c-mails. -111 of tlieni 
I Y P I C ~  transformed int#o the standardized sun-ej .  form described hj- \7iriI<o~-i6 et al. (2000). -4 
single report often includes inore than one persoii. Before we starkc1 preparing t'liis reiiew, n.e 
received 91 reports of electrophoiiic meteors. 
T h e  reports are designated as GEFSYYYY-MM-DD-NN. where YYYY-MM-DD is the dat'e of t'he electro- 
phonic el-eiit (year, moiit'h: day) arid NN is nuineration in a case of iiiore than one event in a 
daj-. IT-e coiisicler one location as one e\mit: 110 iiiat,tcr how many observers are in\-olved. If 
the aiiditorj- perception of elect,rophonic sounds does not' differ among observers: the). will 1ia.i.e 
iiiore or less t'lie same psj-clioghysical reaction regarding t'lie sound description when exposed 
simiiltaneously t'o die saiiie soiiiid. Therefore the sound is considered as oiic e\-ent instead of 
bciiig interpreted as sevcral events based on t8he perceptioii of multiple observers. 
T li c geo gr ap h i c a1 1 o c at i oii s of the e I e c t r o p h o iiic met, e o r s inc 1 ude : 

Australia, Beigiurii, Canada: Croatia, DeninaIk, E~igland, Finlarid. France. Gcri~iaiiy, Is- 
rael: Rlexico. hIoiigo1i;i: Thc Ncthcrli?nrls, Vorn-a!., Scot!and. Sirig~pcsrc, Sn. 
USA 

T h e  oldest' event. is from the year 1952. The coriiplet,e t,ra,jecmry is calcnlated in t,liree occa.sions. 
I t  is interesting to  note that  34 reports are associated with the Leonids and seven with the 
Perseids. Among them, t81iere is one very interest'ing account, of numerous elect,rophonic sounds 
from the  1966 Leonids. In addition t o  the reports of electrophonic sounds from nlet,eors: there are 
t h e e  reports of (most' probably) aurora sourids (GEFS1964-11-00-02, GEFS2001_11-23-01, and 
GEFS2001-12-14-01) and one report of an electrophoiiic sound from the Space Shuttle reentrj- 
(mission STS-109) over central Texas (San Antonio). These four reports are riot, included in the 
a n  a 1 j-si s shown below. 
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Here n-e statistically evaluate the da ta  for specific segment's of the GEFS form. li'e would like 
to  emphasize that, most of the reports have very valuable information provided in the add i t iona l  
remarks sect'ion of t'he form. 

2.1. Personal information 

The GEFS reports are sometimes riot submitted by the witnesses themselves. but rather by a 
person who collected various reports of sighted meteors arid recognized report's of electrophonic 
sounds among them. Such reports are sources of the events with known meteor trajectory 
described in the next section; thus, tlie name of person who submitted the d a t a  is not' necessarily 
the name listed under personal  informaiion. If the specific permission to  use the wit'nesses' 
name as a reference to the submit,ted GEFS dat'a was not obtained then t'heir riame is omitted. 
If one GEFS report contains several qualitatively different witness reports, t'he word "multiple" 
is used as personal information and tlie names (or init,ials) are provided in corijunct'ion with 
their GEFS data.  The level of meteor observing experience among t'he witnesses Jaries from 
n o t  experienced to highly ezperienced. \lost Ivitnesses had never heard a sound from a meteor 
before. as expected. 

2.2.  Description of the observing site 

The  location of observing sites is usually described as a geographical feature, thus t'he gis-en 
coordinates correspond t'o these features and are riot precise. The meteorological conditions are 
described as c l e w  sky and cu lm  (n.indless or light breeze) in 845% of reports wit'h pro\-idetl weather 
conditions. This is not surprising siiice such conditions increase the possibilit:. of spotting a 
met,cor and iiot,iciiig an unusual souiid. 

2 . 3 .  Details of the sound from the  met,eor 

The exact iiioiitli of the electroplioiiic eiwit is proi.iclec1 in 73 reports but' tlie cia>- in oiil!- 47 
(iiiaiiilj- liccausc of i-erj- old e\.eiits). Tlic time is specified in 70 repoi'ts. usuallj- a n  est,iinatc of' 
the  liour. n i rh  O I ~ J .  32 reports spwifjing minutes or better. 

Descriptions of rcportecl electrophoiiic. sounds match descriptions in the existing clcct rophonic 
catalogs (e.g.  Keay 1993a. Kaznev 199-1). I<eaj- (199312) cl ificid the electroplioiiic sounds iiit o 
+ l  m c e  . groiips: This 
classificatioii applied to tlie GEFS report,s is s l i o ~ i i  in Table 1. Our rate of occurrence of smoot,h 
aiid staccato soiiiids is diffcrmt: iiiore rliaii expected from KeaJ- (1993b). This is p r o b a b l ~ ~  due 
to  different methods used for counting sound e7mts.  

In adclit'ion. some observers ma>- iiot, hear tlic souiid or agree on its clurat,ion or direction. The 
reported duratioii of sourids ITaries froni less tliari a second to inore t,liaii 10 seconds. Sou:id is rec- 
ogiiized as coming from odl d i r e c t i o n s  in 19 reports (27%); n o  d irec t ion ,  in 10 (Id%), aiid froin t h e  

eor in 41 (59%). Air is often inentioiled as the direction or source of the sound. Three reports 
(GEFSl998_11-16-02, GEFS1998-11-17-04, GEFS2001-11-18-08) have a n  exact. object identified 
as a possible sourid source. 

es: t'lie nietxors were spotted simultaneously with t,lieir sound. Olxervers could 
riot, decide aboiit8 a specific meteor that  produced t,he sound in 8 (9%) cases becaiiso of high 
iiicteor activity. ' l l ic> electrophoiiic rnctmrs ~verc spot,ted prior to  the sound in 2 (2%') cases, but, 
t hc  soiiiitls did not' exceed the duration of their inet,eor. Iii 5 (5%) reports, tlie iii 

spotted after the sourid. In t 'xo of such cases (GEFS1972-00-00-01. GEFS1969-06-00-01), the 
elcctrophonic soiuid prompted t'lie observers to look t,oward the sky. 

Correlation of tlie sound with t,he meteor's light, maximum m-eals  tha t :  in 29 reports witnesses 
could nmt d e c i d e ,  48 (76%) reports indicate sirnulianeous sound and light masiiniim: 6 (10%) 
reports indicate a sound before,  and 9 (147%) after t'he light maximum (one report has two sounds 
with different correlations). Since some reports deal with multiple sounds with the same type 
of correlation, the percentages shown here suffer from large error bars. 

,smooth (ivitli 71% rate of occllirciice). s taccoto  (18%). aii t l  siaar.ji (ll%,). 
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sound type rate 1 sound tiescription 
I 

smooth 

staccato 

sharp 

47.0% 

12.5% 

high-pitched whistle: nhispering. sheen-u 

rustling. crackling, wood burning. phtt - like electric arc, sizzling, 
nh i te  noise. shaking bulb with broken filament. zzz,  firen-ork, 
frying bacon, t zz ,  foam being ripped, like static, lit match, thrumming, 
small single engine 'Cesna' airplane, butter in hot pan ,  
hot metal in n-ater, cards being shuffled: ice breaking up, electric flutt,er 

pop. t1irvuckj t,ic. boom. ivliump. clap> kweik , 

r i bra i ion 

I 

d i 5 c 11 a r 6 e 

51.3% hissing. buzzing. fizzing. n-liiiss. pop. t1in.uck. sjhli. tzz, bottle rocket. 
s1ial;ing bulb wiTh h ~ o k c n  filiiiiiPiit.  sss, t ic,  S T E H ~  escapiiig from cookel 
high-piicliecl n-hist,le, sn-ishing: m a l l  single engine 'Cesna' airplane. 
n.lii s 11 cr i I ig ~ t li r [I i 1 11 i ling . 13 o 01 n ! ~ 1 1 i  I  I 1111 ~ T-o 01 n . sliee n-u . cl a 1) . li iveik 

lusiliiig. sizLling. i v l i m x l i ~  crac1;liiig. XT-liitc noise. ' litt  - like electric ai'c 
~ o o r i  biiriiing. fiicin-ork. frying hac,on. zzz. pcliiii. foam lieirig rippid.  
lit ~ i i ; i~ r l i .  1)iittcr i n  hot pail. lil  
cards bciiig cliiiffled, icc 1)rc:aking up. clecrric flutter 

itic. hot me ta l  in n 

Iri a case of one Perseid met,eor. fading of the meteor's trail is clescril~ecl as correlating witli the 
loiidiiess of a sizzling sound t'hat ended ivitli a "pop" (GEFS1995-08_10-01). 
TKO out of six reports of sound before t'lie light ma,siniuni are actually inarlted as "cannot 
clecicle" , but' t'lieir audio/video recordings sliow die souiid precediiig tlie final iiieteor flash 
(GEFS1998-11-17-04 and GEFS1998-11-17-05), This tlenionstratcs t'liat it' is I-ery hard for ail 

observer t,o nialte such a t'iiiie estimate. These two recordings belong to  the 1998 Lconids aiid 
slion- that, a iiieteor can indiice an  clcct,rophonic soiind when it has an alt,it,ucle of - 100 ltni 
(ZgrabliC, et al. 2002). 
The same two 1998 Leonicls  ere also monitored with ELF/l.LF radio recei1m-s aiid t81iere was 
no electric ELF/I 'LF signal above 500 Hz during t,liesc t,wo electroplionic e\mits. Hoivever, siich 
signals were dctected from other Leoiiicl meteors during the same ohserva,t,ional campaign  (Garaj 
et al. 1999). This result, is basicall!. confiriiied 11y S1ian.n E. Korgan frorn t>he NASA INSPIR,E 
Team 1-01 (GEFS2001-11-18-08). Hc wa.s rccortling t h e  atmosplieric I L F  activit'y when he lieard 
electrophonic sounds from met eors. The recordings did not shon- any I'LF act'ivit,!; correlat'ed 
wit'li the sound events. This is consistent with the detection of' geomagnetic dist'urbances below 
10 Hz detected during the reentry of a n  artificial satellite accompanied by electrophoiiic sounds 
(l'ervcer. Bland & Bexm 2000) and with the electric field disturbances below several hundreds 
of Hz correlated with the  activity of 2001 Leonicls (Trautner et  al. 2002). 
In eight occasions: the observers associated meteor fragment,ation with an elect'rophonic sound. 
Six of' these are very t,ransient in duration: "pop" ~ "boom" and .'crack''. This suggest,s a sudden 
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release of large amounts of electric charge. Considering the mobility of electrons and ions. this 
burst of charge has to  be either in excess of electrons or highly anisotropic (or both) in order to 
create a net long-range electric field. It remains a mystery. however, whj- this process does not 
h a p p ~ n .  or a t  least not w t h  t h p  sarne enprgy scale. during any other Yimilar meteor fragmentation 
in nature.  

Table 2 ~~ Distribution of the electrophonic meteor magnitudes. The rate of occurrence derived by Kaznev (1994) 
is also giyen. It has been argued by other authors that the lon- brightness meteors can not produce 
sustained eiectroplionic sounds: thus n-e also slion, the sound descriptions. 

ratk 

mag 1 i i t 11 d e 
range 

-1 to  -5 

-.5 t o  -10 

mag 1 i i t 11 d e 
range 

-1 to  -5 

-.5 t o  -10 

36 8% 

41.3% 

rdte h\ I magnitude 

Kaznev 1 descriptioiis 

11.3% ' -2 or more. 
~ not so bright to 2 ,  

iiiax -2 to -3:  
-1 with - 3  end flare, 
- 1 in twilight, 
bright: clearly 
visible, bright a t  
Sirius, twice 
Sirius 

\.er!. '11 right, ! 
-5 or so, 
-6.S i 0.5.. 
-6 to -7 .  
-- j  XI'. 
fi r c u-or 1; / fl arc. 
firellall. 
sccii i n  cveiiing. 
-8 to -10. 
1 )  r i g 1 it er t li a 11 I~eiius 

I 

I 
19.7% I 

".4bsoiiite magnitude 

69.0% brighter tliaii 
the full inoon) 
like full moon. 
bright as iiiooii, 
estrcniely bright 
lit up the  n.hole 
sky. lit up the 
grouncl. brightest, 
ever SEC11, -12 i 1*, 
-15 to -20, 
-9 to -13 

~ 

sound descriptions 

crackling, sizzling like bacon frying, 
sizzling "sss" : soft hissing, 
hissing followed by a crack, ffffEfffp, 
short burst of static, short sharp c ~ a c k ,  
broken filament shaking iii blub. 
"thnuck" , pop, crackling, swoosh: n-oosh, 
high pitched nhistie, fizzing n-ith 
crackling, loud liigh-pitched hissing, 
faint hissing. crackled/hisspd. pop 

'.phtt" like electric a x :  l i t  match. 
steam escaping from cooker. 
crackling firen-arks. sizzling/crackling, 
'6Hliecn-n.uu" , fizzingjhissing. svki i i i ig ,  
hissing: crackling. ~ ~ h u  
-s,jlilililili. . " ,  hiss. sizzli 
single engiiie ' *  Cesiia" ~ i r p h n e .  

n.liistiing n-it,h buzzing, n.liisper. sizzling: 
rustling like a rocket. n-ootl on firc. 
n-liite rioise. thruniniiiig. iit niatcli. 
"sss" follon.ed bj' pop.  "vooin". pop, 
nhoosh like rustling: hissing/fizzing 

aAiiotlicir irit,eresting unusual phenomenon related to an elect,rophonic fi~e11i1.11 is report'ed in  
GEFS1977-09-00-01: a warm "puf€ of wind. .  .tornards the end of the duration of thc sound". 
Similar tact,ile phenomena like "oscillations and shaking of the air" (I(azne\. 1994) or '' nppres- 
sion of air" (Roinig & Lainar 1963) have been report'ed since the  beginiiing of the historj- of 
elect'roplionic phenomenon. In 1719, Sir Edmuiid Halley dismissed '.hearing j~net~eor's] hiss" and 
'(the \\--armt'h of its beams" as "the effect of fancjr" (Hallejr 1719). 
Appearance of siriell siniultaneously nit11 a bright, meteor has a similar history. There is one 
(GEFSl969-06-00-01) GEFS report ment'ioning a smell of sulphur, one of ozone (GEFS0000-11 
-00-02), and one of "lightning" (probably also ozone) (GEFS1998-08-12-01). Such phenomena 
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have been documented in t'he electrophonic catalogs (Kaznev 1994). The smell of sulphur and 
onion was reported during the 1833 Leonids (Olmsted 1833). hlore recently, a "foul metallic, 
chemical or sulphurous odor'' was report'ed t o  accompany the flight' of t'he Tagish Lake meteorite 
in 3000 (Brown, Rel'elle: E, Hildkhrand. 2001). These phenomena are even more ram than 
elect,rophonic sounds. The tactile sensat'ions could be explained by vibrations of human hair in 
oscillat,orj- electric fields (Carstensen 1986) ' while t'he smell comes from the ozone production 
(and some other chemicals) by corona discharge (Komig & Lamar 19G3, Aubrecht. Stanelc & 
Koller 2001). Kevertheless, these explanations remain a speculation since a comprehensive st'udy 
of those phenomena has never been performed in t'he meteor astronomjr. 

2.4. Details about the meteor 

Thirt,y eight reported meteors (elmits) are identified as sporadic  (48%); 34 as Leonids (43%). T as 
P e r s e i d s  (9%'): and one as possible Delta--Aquarid. One of the  Leonids is probably misidentified 
(GEFSl998-11-16-01) because t8he radiant was below t'he horizon at the time of t'he event. The 
range of electrophonic met'eor rnagnitudes shon-n i n  Table 2 is of a special int]erest for t'heoretical 
worlc since it carries information about' t,he energetics of electrophonic events. The range of 
magnitudes is divided into three groups: between -1 and -5, betn-een -5 and -10, and -10 
or brighter. Somet'imes it is not easy to rnalte a rnagiiitude estimate; thus, we proi-ide their 
descriptions to  show our method. The distribution is compared with t'he statistical results of 
I<azne~- (1x34) who had a sample of 71 elect,rophoiiic meteors with knon-n inagnit'ucles. 

Our results are clearly different froni I<aznei.'s dist,ribution. -4lniost' 80% of our meteors arc 
110 brighter than -10, compared to about 30% 11). I(aznei.. This suggests that  our s u r l q -  is 
far less biased ton-ard extremely bright iiieteors. in  contrast to all other existing electroplionic 
catalogues. This is uiiderstandal~le bccaiise most of' their electrophonic meteors were extracted 
froin catalogues (or reports i n  the 1itc:rat ure)  of \.er!. hriglit fireballs. From the theoretical poiiir 
of i-icn.. i t  is i.erj- interesting that, tlic lon.er 1,rightiicss limit for electrophonic iiic 

Ion. as approsiniatelj. -2 .  One c m  argiic that  these meteors can 1iai.e much hrigliter absolutci 
iiiagnitucle. hut their height aim-e horizon cleiarlj- slion-s tha t  t,his is not' the case (one of rlieni is 
also photographed. see nest rection). I < e a -  (1992) (see also I<eajr 1994) argues. in  tlic coiitcst, of 
his theor!.. that  electroplioncs from tlic magnitude -7 or fainter. meteors shoultl be v e r ~ -  t'raiisienr 
in nat,ure, lasting for a tenth ~f ii second or so. -&gin. the reports shon-n in Table 2 ciernonst'ratc 
that  this is not, the case for nianj. of such sounds. 

Tlic velocit'y of meteors is ilescribcd as rg slniii in 5 reports (13%); as ,i.dmi! in 38 reports 
(42%'). as fu,st in 40 reports (45%). 3 as r y  j u s t  ( G % ) :  and one meteor as s ta t ionm~y (1%). 

or fragmentation is rc.por.tetl for 32 es-ents (38%') and it did not occiir in 53 events (62%'). 
distribution of meteor 1ic:iglit abol-e horizon, its azimuth, and angle l)ct,n.cen it8s path and 

horizon is shown in Table 3. For comparison, distribution froin Kaznev (1994) is also shown. 
0111 statist'ical sample is big enoiigli to notice some int,crest>ing stat,ist,ical averages. 

Tlic dist'ribution of height abol-e horizon of the electroplionic meteors from I<azrle\- peal;s at, 
about 45%) in the 30-60" region. Oiir survey shows only 30% of meteors in this region. However, 
45%' of our meteors are above GO". while Kaznev reports only 25%. Es-en though people tend t'o 
oi.cmstimate this angle, this mismatch is significant because such overestimates appear in both 
survej-s aiid they are st'atisticallj- aLwaged. This suggest,s t,hat, something else is responsible for 
sliift'ing our distribut,ion closcr ton-ard tllc zeilith. 

' I T0  propose two esplanat'ions. Tlic first, explanation is that  a larger number of smaller meteors 
appear in our sample. Indeed, t]here is a slight increase in t,he angle for t,he -5 to -10 meteors 
corripared to t'he -1 t'o -5 meteors, hiit, the statistical uncertaintj. is too  large for any conclusive 
difkrentiation. The second explanation is t 118 inaller meteors cannot, produce a very strong ELI 
signal. This would imply that  t,hey have to  be closer to the observer, that, is closer to the zenit,li. 
Since all of our meteors are bright enough to  be s-isible from a large distance, this explanation 
seems plausible. 
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1 -Angle 
' ( d e d  

Height aboT e horizon 0-30 

Azimuth 1 315-43(N) 
45-1 35 (E) I 135-225(S) ' 225-315(5\') 

Angle hetn eeii 0-30 
thc irictcoi path 1 30-60 

< i l l C l  holliorl 60-90 , 
I 

Hon-el-er. the azimuthal angle shows a very random distribution of observers around meteors. 
One quarter of meteors appear in each of four 90" intervals. which is also noticeable in Kaznev's 
distribution. The angle between the meteor path and horizon also s h o w  similarity to  Kaznev's 
results. with approximately 50% of meteors with available data  in the 0-30" region. 25%) in the 
30-60" region. and 25% over 60". 

Events ! Rate Rate by 

I Kaznev 

18 7 31 6% 
23 8 30 6% 

24 3% 35 5 455% , 
14 3 1 256% 22 4% 
153 274% 1 2 8 3 %  
15 8 25 3% 22 3% 
10 5 1 18 8% , ~ 2 6 8 %  

25 T 324% 1 44 3% 
11 T 

Table 3 - Statistical analysis of the meteor pat,h in the sky. An event represents 
one observing site. If an angle is not clear cut betaeen two stat,istical re- 
gions (e.g. 30" for the  hight above horizon) then the event is counted as 
0.5 in both adjacent regions, or 0.33 rvhen spanning over three regions. 
The results are compared to  the values by Kaznev (1994). 

3.  Reports of special interest 

-1 coiiple of' r c p o r ~ s  att,ract special a i  
iiieiitecl 11:- o l ) s ( : n ~ r s  or the!- deal u-it1 Il7e presciit (1 

e 1 ec t ro p 11 0 11 i c 11 1 e t c: o r a 11 d 
meteors with cxiiiiated trajectoq-. hlore about' all these eI.ents can be fouiid a t  the GEFS 

3.1. Electrophoiiic sounds from Leonids 

Tlic Lc:oiiids, m d  nietcors n-ith similar properties like Perseitls, are the biggcist theoretical chal- 
lenge in  esplaiiiing the elect'rophonic phenomenon. Xot only are there low rnagnitucle elect'ro- 
plionic Leonids which clisirit'egrate a t  altitudes above 80 Itm, but there are also sustained souritls 
from t h e  Leonicls. A4 sustained sound should last for a large fraction of a second in order t'o be 
perceil-ed as such by the observer. A4fter t'altirig int'o account their high velocity;, we sec that' 
t'lic clectrophonic signal can start a t  except'ionally high altit,udes of -100 km. These altitudes 

Leoriids (ZgrabliC ct. al.  2002). 

-Altogether thero arc+ 34 reports of sounds from the Lconids. One report is ahoiit the 1964 
Lmnids. tn-o iilioiit 1966: oiie about, 1989, 10 about 1998, one ahoiir  2000, 17 about  2001, and 
tn:o are withoiit a specific year. The soiind duration is usually overestimated bj- the n-itnesses, 
thus durations of  - 3 seconds are not surprising. The sound description ranges from high- 
frequency souncls likc "hissing" , "sizzling" . "cracltling" . Y izz "  ~ kvoosh" ? or ' x h i t e  noise" ~ t,o 
lon-freqi.ienc>~ sounds like "(deep) pop" -booni/popping", or "clap'!. The magnitudes range 
from as Ion. as in = -2 to "bright, enough to light up the ground" or ,'the nrhole sky". One 
case of' a rnet'cor of  inagnit,ude -2 is also described in Drummond, Gardner & Kelley (2000) 
(GEFS1998-11-17-01). 

n iiiterestiiig t j p  o f  mete 
roplio1iic, soiiiids from Leonicls, a photo of one Ion. brigiitii 

11o111cpagc. 

1 .  icii . c lice11 also obrained by the instrunient a1 recordings of' electrophonic souncls from the 1998 
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Details about GEFSl998-11-17-04 and GEFS1998-11-17-05 are available in Z'grablic et al. (2002). 
As already mentioned above) t,he VLF radio signal did not accompany t'hese two electrophonic 
meteors, as it did not the meteors in GEFS2001-11-18-08. 

The reports GEFS1966~11~17~01 arid GEFS1966-11-17-02 represent t'he first documented report' 
of electrophonic sounds kn0n.n to  us from the famous Leonid meteor storm of 1966. The first' 
observation took place in Texas: USAII: from about' 05:30 until 07:OO local t'iine, when t'he radiant 
was 70-80" above the horizon. ;Iceording to  t,he witness \Villis Jarrel Jr . ,  ?he sounds came 
intermitt,entlj. from the beginning of the observation until the end". It was not' possible to 
connect particular met,eors v i th  the sounds, except' in one case of an extremely bright fireball. 
This dcmoiistrat,es again the existence of low magnitude electrophonic L'eonids. The sounds were 
1 ack i ii g direct ion a1 i t' y. 

They are described as "a velvet silky rust'ling sound like a lady walking in a pleated dress where 
the fabric rubs against it,self" and '!some sounded like a short distorted hiss, with a pronounced 
sibilant tone". These sounds had shorter duration than the one connect'ed to  the bright fireball 
arid were: described as similar t,o the other sounds but, " Iomr  in pitch and much more edgy 
and crackling". The witness notes that, he has better than average hearing. which explains liis 
experience of a large number of electrophonic sounds. The witness has also provided photos of 
the observation site (second-story open-air deck on a house). The phot'os and adclitioiial det'ails 
aboiit the e\-ent are a\-ailable on the  GEFS homepage. 

He also iiotes that  lie woke up and went to  a window for no reason, probahlj- bpcause of a 
"stimuliis of some sort" . E T ~  though the existence of a %timulid' sounds unrealistic. t'liis 
is not a uiiiclue report of this sort, (I(aznc~- 1994) and call not be ignored. Possible pliysical 
explanation c;oi.ild be that the witness  as exposed t,o frequent bursts of strong electric fielcls. 
AS implictl 1))~ the large number of electrophonic soiinds. -According to  laliomt or!- c:spc~riinents. 
aniiiials. cspcciallj-: and li~iiiians caii l x  scnsitii-e t o  the short pulses of electric fields (Bllsliirk. 
Frolilicli k Latliani 1981). Tliiis tlie realitj- of siicli "stiiiiiilus" remains a n  opcn cjiiestioii for 
f u t l i l e  l(:search. 

Tllc si~x)iitl obser\-ation of t>hc 19GG Leoiiicls  as from Kansas. LS.4, from about O 1 : O O  to 04:OO 
local t inie. The n-itiicss recalls hexing iippioxiiiia k l j -  20 "nois>," meteors that  night. The!- 
soiiiided like "an electric flutter or sizzle" with one half of a second duration. The magnitudes 
arc described jiist as %.all magnitudes" . 

3.2.  Photo of a low-magnitude electrophonic meteor 

Eleci-rophonic meteors 17-itli iiiagiiitutles as low as - 2 make a significant fraction of the electro- 
phonic soiiiid report's (see Table 2 ) .  Since the:. represent, a challenge to tlie thcoretical iiiodeling 
of  the phenomenon, here we present a photo of one of t h e m  

Thc report GEFS1972-04-23-01 belongs to  Eisse Pietci Bus froin The Xetherlaiids who was 
performing \,isual and photographic meteor observat,ions on the night, of 1972 April 22-23. a(. 
the 0bseri.atory of  t'he Universitj. of Groningen a t  Roderi. -At 01:12:47 LT. a magriit,ude -2 
meteor passed through the constellation of Corona Borealis. The meteor m s  phot,ographed 
b y  t'he camera during a one minute exposure time (see Figure 1). Since Corona Borealis \\-as - 65" above the liorizoii at that  time, t'he ahsolute meteor magnitude was closc to tlie cst8imat,ccl 
apparent - 2. 

'The nitiicss recalls hearing a cracking sound during the whole: flight of the meteor n-ith a duration 
of 3 scconds. The sound did 1101, have direction. "It T Y ~ S  in t,lie middle of [his] head like a 
sound in a st'ereo headphone". The metmeor did not have a light maxiinuin, but it showed %'a 
n-ako tlist~ moved s l o w l ~  from the left to t'he right (about, 20" t o  t,he left and  right). Close behind 
this .i.i.alte. but not connected, a persistent trail was visible with a lifetime of about 1 SecoIid". 
The witness emphasized that  he has "seeii hundreds of bright, . . .  and very bright, meteors but 
[he has] never heard a met'eor with a sound nor [he has] seen a niet'eor wit,h a wake again". 
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Figure 1 - A magnitude -2 electrophonic meteor on 23 -4pril 1972. a t  01:12:47 UT photographed from the 
Obserl-ator!, of the  Uni\.ersity of Groriirigen a t  R.ot1en. the Sctlierlaiids. The meteor's direction i s  
froiii South  to Korth.  t,he esposure time n.as 01:12:17 CT~-01:13:17 UT n-itli a11 Esa l a  2.S/50-mm 
camera and Iiodak-Tri-S film of 400 M.1. Courtesy of Eissc Pietei- BUS.  

3.3.  Fireball ober north England, 2000 January 9 
The ~ ~ i t i 1 e s i  repoi t i  of this event n.cie collected by ;Il,tstaii 1fcBeath. ~ h o  aiialjmxl them and 
posted the iesulti to the 1110-News e-mail list. -411 the inforination preseiited here is part 
of thcsc iesults and published in 1fcBeatli (2000) The electiophonic event is cataloged a5 
GEFS2000-01_09-01 
The fireball O C ~ L I I C ~  on 2000 January 9 oi-er north England, UK. at around 01:X UT. Tlie 
cstiinatcd Tisiblc t i a  jectory itar ted abol-e -4pplebJ- in Cuiribria (02'30' 11'. 34'35' X) and ended 
N 10 lciii offshoie due east of Seaton Sluice. Sorthumberlaiid (01'13/61-, 55'03's). The entiy 
angle was 33 i 3" fioiii the horizontal, n.hich gives the atmospheiic path length of approximately - 110 lim. with the mean atmospheric velocity of 22 i 3 ltm/s The estirnated brightness was 
bctn.ceii -15 and -20 
There nas  sei-cral ieports of acoustic signals, one of which is recognized as an electroplionic 
soiind. *4 whoosh sound, "lilte a rustling". nas  reported bj. an obsener  locatcd on top of a 
hill callcct Eston S a h  (Ol"07' 54"33/30// K). at the  closest d i i tancc  from thr  groiind track 
of ~ppios i i r in te l~  - 60 ltm south-east. It is inteiesting that tlic noise was associated with tlie 
hi caking l i p  t l i ir  ing the flight whcn %.three large lumps, glon.ing like red-hot brick'' separated off 
1 lie main bodj., t n o  of n-hich were significantly smaller than tlie thiid 
The Earth's inagrietic field in the vicinity of the meteor is useful information for a future the- 
oretical n-oil< The magnetic field components (National Geophysical Data Center. The l\Torld 
Data Center for Solid Earth Geophysics, Boulder, h t t p  : //www . ngdc . noaa. gov/seg/wdca/) on 
that claj7 at location 02" ST'. 55" N and 50 ltin altitude are 2 = 44 994 n T  (vertical, direction 
tloirn). N = 17 181 n T  (horizontal). with magnetic declination of 4°46/617 (model IGRF2000). 
Ihriations from these values along the fireball path are ,-- 1% or less. 



S17GX. the Journal of the IMO 30:6 (2002) 253 

Figure 2 - Elecrroplionic fireball over Deiiriiark on 1999 December 20. 
The gmuiid track is a rough est,irnare. The electroplionic soilrid 
events are  marked b\. points and  iiiinil~crs. SCC t e s t  for their 
descriptiori and more details alioiir the fiw1)all. Courtes!. of 
Holger Pedcrsen. 

3.4. Fireball over Denmark, 1999 December 20 
The witncsi iepoi ts of this el-ent nerc  collected lx the T l d i o  Brahe Planctaiiuin, Copenhcigeii 
nntl pim i t lcd  to  Holger Peclerscii by its cliiector Bjoerii Franck Joeigensen Tlic irifoimation 
picseiitctl lieic uas obtaiiietl fiom a statement by the Planetarium and fiom tlie 1110-Yews 
e-niail list, 17 lieie several e-mails rclatcd to  the event were posted A4dditional details aboiit the 
elcctioplioiiic sound icport  n e i e  pro\ ided to the GEFS b~ Holgei Peclcrsen and catalogcd as 
GEFS1999_12_20-01 
Thc fi1c1ha11 occuretl 011 1999 December 20 oycr Denmark A t  around 19 1; UT The exact tra- 
jcctoiv i q  not dcte!mmccl .AAcco!c?ing to La15 Bakmmr: (31, 
Dcnm,uk) tlie nictcoi w a  passing m i i t h  above Sonclerboig (09'47' E 5-1'54' 'd) "i ith the a%- 
iniiitli  of 170 -C 20" (cliiectiori fioni the north to  ioutli) The aLirnutli falors lcugci aIlglP5. siiicc 
tlic hit~bcill was xisible froin Gotcborg (Sneden) and the 0 < l o  area (Norna)) The tiajectorj 
nas T cry shallow:, often described as "almost paihllel to thc horiyon" The altitude is uncertain. 
If the v i r i b l ~  part of the flight started at an altitude of N 110 kin over the sea lxtn-ecn Denrriczrlt 
and Nornaj and terminated at an altitude of - 40 k m  ahoLe the region of the town Kiel in 
Germany, the ground track would be - 400 km. and the angle of flight would be N 10" with 
the  hoiizontal The mean atmospheiic velocity was -10 ltm/s. -411 these numbers are rough 
estimates, including the meteor's magnitude of - 3 f l m  
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Five witnesses at four different locations reported acoustic signals recognized as electrophonic 
sounds: 
(1) observer from llunkebo (10'34' E,  55'27's) heard "a subdued, hissing sound 
boat which gently slides through the water" : 
(2)  observers from Odense (10'23'E. 55'24'N) heard a hissing sound when -a couple of small 
pieces detached" ; 
( 3 )  observer from &hus (10'13' E,  56'09' N) heard a faint hiss: 
(4) and observer from Christiansfeld (09'29' E ,  55'21' N) also heard a hiss. 

The meteor ground track and location of electrophonic eyents is shorn in Figure 2.  The magnetic 
field cornponents a t  10' E.  56' N and 50 km altitude are Z = 45 700 n T  (vertical, direction down), 
H = 16 594 n T  (horizontal). n-ith magnetic declination of O O O l ' E  (model IGRF95). 
3.5. Fireball over Croatia, 1997 November 3 

The witness reports of this event were collected b ~ -  Korado Korlevik, 17i4njan Obserlratory, Croa- 
t ia,  and the  information presented here is the result of his analysis. Il-hen interviewing the 
witnesses (usually by phone), he recognized electrophonic sound events on several occasions arid 
made a note about their location and the nanie of the observer but no other details. This fireball 
is cataloged as GEFS1997-11-03-01. 

Figure 3 - Elcctrophonic fireball over Croatia on 1997 November 3 .  The elect,rophonic sound events 
are marked by points and numbers. Their locations are: (1) Pula (13"51'E, 14"52'N), 
( 2 )  Pore? (13"36'E, 45"13'S), ( 3 )  Zatlar (15"15'E, 44"07'N): (4) Duga Resa (15'30'E; 
45 '2 i 'N) ;  (5 )  Josipdol (15"17'E, 45'12'h). (6)  Dabar (15'19'E, 44'57'N). See test' for 
more details about the fireball. Courtesy of Korado KorleviC. 
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The fireball occurred on 1997 November 3 over the =2driatic Sea and Croatia a t  16:08:20 UT. 
The estimated visible trajectory starts over the Italian Adriatic coast (13'13' E, 43'43' K), close 
to  -Ancona, and ends over the border between Croatia (CRO) and Bosnia and Herzegovina (BH) 
(15'45'E. 44'59'N) at  an altitude of 30-40 km. The angle between the trajectory and horizontal 
is - 13' with N 250 km of ground track. The meteor displayed multiple fragmentation over 
\'debit mountain. Fragments burned out quickly except for one of them which continued the 
flight parallel t o  the main body. The final fragmentation happened betn-een Dreinik Grad (CRO) 
and Triica JBH) with rapid deceleration (duration of the final flight was 3-4 seconds). The mean 
atmospheric velocity, excluding the final deceleration. was 20-25 km/s. Il'itnesses described the 
meteoi as brighter than a full \loon. 

The electrophonic sounds were reported from six different locations. The sounds are described 
as iustliiig or '.like a rocket", but there are no details about particular events. The meteor 
ground path and locations of electrophonic events are shon-n in Figure 3. The magnetic field 
components at 1-4" E. U ' N  and 50 km altitudes are 2 = 39 522 n T  (lwtical ,  direction down) 
and N = 22 618 nT (horizontal), with magnetic declination of 1'18'E (model IGRF95). 

4. Conclusion 

The aiial!.sis described in this study revealed two important facts: i)  electrophonic sounds can 
appear e~-eii for meteors of a 1-isual inagiiitude Ion-er than previously t'liouglit, arid ii)  the est'i- 
mated lieiglits at which electrophonic meteors enter the atmosphere can reach high \dues  ( e l m  
100 kni) which has implications on tlie theories of meteor ELF/\-LF generation. Froin the theo- 
rct iciil staiiclpoiiit. these new fact,s denionstrate t,liat IWJ- lit,tle has chaiigod siiicc tlie eiirlj. work 
in this f i o l t l  i n  the 1960's (Bronshtcn 1991). 

l i o i ~ ~ o i - o r .  i t  has become widel!- accepted that the  elcctmplionic souncis ai'e created esclusi\d>- 
1 2 ~ -  s-iliratioii of ordinary olijects exposed t o  the ELF/\'LF elect,ric fields. cven thoiigh t,lierc 
arc' cqminicints nhich shon- corona tiiscliargt? with the saiiie ~ .a lue of electric fields. Thus. the 
catalog.; lilic GEFS are still T-erj- usefiil and can be used for tc;sting the existing theories. 

I he most iiiiport.ant result). coining from tile GEFS u-itness riiports. is t,he lower limit on tlie 
magnitude of electrophonic meteors. The catalogues of electrophonic sounds stiidied so far have 
11 c c: ii o 11 s e r \-at ion a1 1 y biased t owar d \-cry 11 r i g 11 t fire b a 11 s , s i ri c: e s 11 ch 1-11 o t e o r s a r(i often in d i i T i  cl u a1 1 J- 

studied aiicl at,t'ract a lot' of at'tent,ion. The brightness limit oft,en cit,ed in the  literat,ure is about' 
-10 for  siist,aiiied sounds and about -7 for more transient sounds (Keay 1992: Beech L Foschini 
1999). H o n ~ ~ - e r ,  Icaznev's analysis of cloctroplionic meteors alreaclj- pointed ton-arc1 t h e  existence 
of sounds from meteors of magnitude as low as -2. The GEFS reports show that such lorn 
brightricss electroplionic meteors (dimmer than -7) really exist and represent a large fraction 
of the electrophonic soiind events; moreover: they can produce sustaiiied sounds instead of only 
t' r an s i eii t so 11 n d s . 

m 

It is also inipoitaiit to notice that tlicie ale Leonids among these low brightness iiictcors. They 
cihlc\tc a t  I e i ~ .  high altitudes, and sustained sounds fiorn them iiidicatc thcit the electiophonic 
cffcms inal alrcadv start to appeal at altitudes of aboiit 100 kin These hie hlio altitudes of 
thc 11eginning of night-time ioiiosplicre This is consistent with the instrumental ic.cording of 
tlic electrophonic iounds from the 1998 Leonids (Zgrablic at a1 2002) An incrcase of height 
above the horizon of meteois in the GEFS reports. compared to  Kames 's rcsults, could indicate 
that the ELI effects from low brightness meteors arc not as i t iong as from i-ery bright fireballs. 
Pioseiitcd examples of bright fireballs 11 ith thc knon n tralcctory show that  the electrophonic 
iounds e m  11c induced eLen at  distances over lOOkm from the fiieball's ground track 

The iesults presented here are a big challenge for the theory Any futuie work n-ill require more 
ex~~er imenta l /obser~  atioiial results and i-IiultidiscipliiiarJ. research. 
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SPA Meteor Section Results: November-December 2001 
A 1 as t air Mc B ea t h 

.Abstract Information presented to the SPA Meteor Sectzon fiom November and December. 2001 is  given except 
tha t  from near the Leonid peaks already discussed in (AfcBeath 2002a & b) A surpiislngly strong radio peak 
nas  found on Noiember 14-15 (A, N 233'). \veil iii advance of the Leonid maxima, and chiefly in the European 
and North American da ta  Japanese iesiiits in (Ogaa a 2002b) indicated this probably originated in enhanced 
bright Leonid rates December 1-2 brought another spectacular, widel\-seen, fireball for UK no1 thern France 
and Lon Countiy obserieis around 22h40" * 5 m UT. when part of a Russian Proton locket boostei returned 
to  Ear th  The Geininid maximum \\as nell-seen \ i sua l i~  and by radio l-isual obserxers enlo>ed ZHRs of 90t 
all night 011 December 13-14 (from at least 23"-llh UT in these results). v i th  many radio observers concurring 
on their highest echo counts found SometiIne between about 20''-9" UT then The peak was not sharply-defined 
using either technique howel er. although 'i ism1 rate5 were registered as maiginall, highest on December 14 at  
6'' k 1 h C T  (Ac = 262"29 I O"04 ZHR = 108 I 9) .  \\bile the iadio analJsis jielded a mean peak time of 
6"36"' i 1 h UT on the  same date (A, = 262"31 k 0'04) The Ursids were barely discernible either to our viwal 
01 radio repoiters On December 2 1  and 22, ZHRs nere no better than 5 f 3  o ~ e i  Europe or North -America and 
seleral expeiienced natchers ietuined zero counts on both dates Kotes conceining a supposed meteorite fall in 
Snondoiiia Yoith \\-ales at  ionic point betneen October 2 1  and Decembei 10. 2001 are also given 

1. Introduction 

llooiiliglit conditions fa]-oiired both  major slion-ers during KoI-ember aiid December. 2001. as 
well as t'he Ursids in December: though most of the protracted Taurid masiniuiii was lost t o  t'lie 
hioon. Ex-en the wwtlicr ~ v a s  cooI3eratiJ.c for on( helping hoost the 1-isual tallies in Table 1. 
l i o s t  of t h e  Lcoiiitl ac.t.iT.it!- recorded b ~ -  Section observers between 301-einber 16-1 7 and 18-19 
lias ali,cwd>- Iiecn reportrcl ( l icBeat l i  20022 SI 11) aiid is not repeated here. though Table 1,s totals 
do inc-lutlc all tlir data supplied. The  obse r~ws '  lists below cover oiil!. rliose peoplo reportiiig 
outside this iiitcn-al. or  i-hosc: whose Lconid results arriT.ed too late for incliisioii in the earlier 
ar  T i c 1 (i. 

Taliic L -. i'isual. radio anti video hours' totals. plus visual meteor n i i i n b c ~  
a n t i  vitlco trilii coiints recori!ed in each montli, iiicluiliiig a partial 
br~.alttlon-ii of .i-isiial meteor r>.pes. 

Escepting those from Dirk -4rtoos and the Belarus observers (these latter fornm-cled bjr Rainer 
-4rlt). the  radio results came via Chris St'eyaert as Radio Meteor O b s e r m t i o n  Budletins 100-1.02, 
Nos.eiiiber, 2001 t'o .Jaiiiiarj-. 2002 inclusii-e. The observers included: 

Enric Frailc Algeciras (Spain), Dirk Xrtoos (Belgiuin) ~ the Belarus obscrvc~s (Ivan Bryii- 
i Kosirislii. Sacliar. iapizlti, Tirnur Radjyd<. 

Stanislay Schikun. \'latiislai. Syr t se i .  T'aleiitina Tarnello), Alike Boscliat (Canada),  AIau- 
rice. dc 1Icycre (Belgium). Didier Favre (France) , Ghcnt Universitx (Bclgium) ~ Patrice 
Giieriii (France). R.afac1 Haag (Brazil). Stan Nelson (Ken- llexico. USA) ~ Hiroshi O g a w  
(Japan):  Jean Richard (France). Tori Schocnnialier (Ketherlands), Dave Swan (England), 
Ist>.imi Tepliczlty (Hungary), Pierre Terrier (France) ~ OuJ.ang TianJing (China).  Garfield 
Tsao (Taiimn). Bruce Young (AAiist.ralia). Ilklta Yr,jola (Finland), 

. R.omaii Gi almi.ski, Alcl 

The raw radio data were examined as normal in these reports (McBeath 2001). Figures 1 and 2 
give graphs illustrative of these analyses. 
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-Aside from Steve Evans' video data.  kindlj. forwarded directly, all the remaining video results 
came from Arbeztskrezs Ikfeteore ( A K M )  observers. These video and the AKM visual observations 
used here m r e  taken from their journal AWeteoros 4 : 12  (2001) and 5 : 1 to 5 : 3 (2002) inclusive. 
sent in by Ina Rendtel. Steve Evans' data  is also summarized in the AKhIjournals. Thr video 
operators' list follows. It includes all the AKA1 observers (in Germany only where not noted), 
as these data  arrived only after (hlcBeath 2002a) had been published for the Leonid maxima. 
Tn-o teams of German AKlU observers had travelled to China and New hlexico. L-S-4 for the 
Leonids too: 

Figure 1 - R a n  hourly radio meteor percentage reflection time echo counts 
(~10) from Noiwiiber arid December. 2001 in da ta  collected by 
Glient Liii\.ersit!,. Tlie Glient system \{-as in continuous operation 
throughout this t,iirie. the f'een- short breaks generall\- being due to  
interfereiice. Tlii.; graph shon-s the  ol-erwlieliiiiiig doininaiice of the 
Leoiiid STO1'111 oil Smwiilm lS coiiiparcitl to  all other meteor ac- 
tiiities. Tlie Geiniiiitl rates shon- tip clearly too in December. bu t  
even at their h w t .  the!- 17 e still significantly lielon. even the post- 
iiiasirnuiii Kovcin lm 19 Lcoiiid eiilianceimiit! 

Figure 2 - -  The sanic: graph  as Figure i ,  but, re-scaied in its y-axis to show the 
lesser rliiii-iial and minor shower actiT.ities outside t,he Leoiiici storm 
e p o ch . 

Oilcindo Benitez-Sanchez (CanarT Isles), China team (from Aachen Georg Gorgcn k Jan  
Hattenbach), Stexe E~.aiis (England) Andre Ihofe l  Dctlef Koschny (Netherlands) Sirko 
iilolau (German\ and South Korcd) Y e a  hkxico USA team (from Hani1o.i er Thomas 
K i i i  t z  Michael Theusner, Gertl \Veidemann) llirlto S i t sch le  (Geimang and South Ko- 
rpd) Stere Quirk (.Australia). .Juigeii Rendtel, Ulricli Speiberg. Rosta Stork (Czech Re- 
public) Joig Strunk ( G ~ r n i a n y  and Soiith Korea) 
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The visual v,-atcliers (excluding those whose Leoiiid results haJ.e already been discussed) in- 
c 1 u d e d : 

Amerzcan Meteor Socwty (AA44 members, in the mainland USA if not iioted (from sum- 
maries in the AMSjournal Meteor Trazls 14 (LIarch, 2002). provided by Bob Lunsford) 
James Bedieiit Chester Czescik, James Fox Thomas Giguere (Hanaii), \*incent Giovan- 
none Keith Gleason Bill Goodart. Robin Gray. Robert Hays, EdLQin Jones, Dhanajay 
Joshi (India). Gene Kispert, Jer-Nan Lou (Taiwan), Pierre LIartin (Ontaiio, Canada 
Si USX) Paul Llartsching. Jim SIcGian ~ hIichael hIorrow SYilliam Sager. Krisztian 
SarriecLkj [Hungary), Richaid Schniude Chris Stephan, Dci; id Sn ann Istl ail Tepliczkv 
(Hungar] ) Robert Togni. Lei1 TI) hus, TTi11iam \fratson ilKM members (in Germany 
oiil; i f  not stated) Rainer k l t %  Pierre Bdder Lukas Bolz (German) & South Korea) 
Frank Enzleiri (German! & Lfongolia) Christoph Gerber (German\ & Tui l te i ) .  Bernd 
Heinrich (South Korea) \Yolfgang H i m  (\Iongoha) , llar tin Horeni (hlongolia) .4ndrc! 
Knofel (Australia) Hartnig Luthen (Gelmany & South Korea), Sirko LIolau. Sxen Sa ther ,  
Jurgen Reiicitel (German? & Llongolia) Slaiiuela Rendtel (Mongolia), LIdiio Sr heel U1- 
iich Sperberg Heinrich \Yiechcll (German1 k South Korea) Roland TYinkler, Kikolai 
ITunsche Olir el ]Tusk and Floriaii Zxhage  (China) ,John Bonsor (Scotland) Jai  Brausch 
(Noith Dakota CS-4) Llichael Biooke (England) Chris Chdmbers (\\-ales) S t m  e Exails 
(England) llilte Feist (England) Shelagh Godn in (England), Philip Heppenstall (Eng- 
larid) hlarco Langbroek (Yetherlands) Bob Luiisford (California, LS A)  Ton) \larltham 
(England) Alastair AIcBearh (England) Simon JlcBeath (England) I n n  IIcCiacken 
(Eriglmtl) Da) e IIcCracken (England) Toni SIcEnan (Scotland) Sell lIortiinei (Eng-  
l a n d ~  Richaid Pcmcc (Scotland) Robin Scagell (England), Jonathan Shanklin (England)  
Geoigr Spaltliiig 'Ellgland) Rich Taibi ( A h \  land US.4) l b t t l i e n  \Talclie (England) 

2 .  November 
Littlc \ i s m 1  worli TEE carried out in the f i ~  half o f  \-o~.eiiii>er. when the fu l l  and  n.aiiiiig 
l looii  1.i-a~ i\t its worst. and  tlie Taurid inasiiiia passed unrecorded. escept by radio. as a result. 
Thr> iiiinor radio IlCi>li a t  A:; = 219" ~ v a s  found in 55% of tiie daoasets during its extended spell 
(X, = 2IS"-22O0; October 31 -Xo\-einber 2), but  that, at ,A2 = 224" s a ~ v  little coiisciisiis regarding 
a clistiiirt mariinri.rn. Something was noted at  some stage during this peak's X-: b = 322"-227" 
c x t  ension (Xo~-eiiilier -1-9) 11)- most observers. hoivexw. The A, = 227" rnaximum TES picked 
u p  in  50% of tlic results. soiiie showing a continuation into t'lie following (1. . The majorit!- of 
reportcx pic1;etl up tlie A; = 230"--231" (XoI-ember 12-13) peak too .  01-cr. ~ these radio data  
suggest a m a k  to normal Taurid masiini.iin occiirrecl iii the first tn-o n-eeks of the iiionth. as 
t'lici ac'tivitj- piitt criis dctcctecl were not bej-ond the bounds o f  wlmt has bcoii foiiiid at t'his t ime 
pim~iui.is1~~. Iiut rliej- n.ere iioi ai-norig tiie be 
-4s has become (:oniirioii in recent \-ears. the majority of the visual results concentrated on the 
period nearest' tlie predicted Leoiiid maxima. These have been tackled in ( AicBeath 200221 & 
h ) ;  and although some obsersxtions arrived only after this examination n-as c;oiripIetetl. ail the 
inos t d e t ai 1 e d reports (i 11 c 11 1 ding t h c s h o r t - i nt, c r val meteor count b r e al< d own s and ni agii i t, 11 d e 
distributions) ~vc rc  featiired earlier, so this later da ta  does riot significantly alter those iiiit'ial 
findings. Onc corr ion is needed. Ton Schoenmaker helpfullj~ wrote t'o amend a. niist'ake in 
liis radio graph (in Figure 6 of (IIcBeath 2002a); Figure 1 in (XcBeath 2002b)), where I had 
accitlcnt alljr applied the correction for dead Oime t,o his results t,n;ice, so t,hc Lconid peak x s  
i i i a d ~  t o  s e c m  abiioririall!. spikj. in his da ta .  This is corrected in Figure 3 here, with rny apologies 
to Toil. and  tliaiilrs for his iinderstaiiding and forbearance. 
Some further comments around the L'eonids are in order, as a surprisingly st>rong radio peak 
ivas found in 55% o f t h e  results frorn November 14-15 (A, N 233"): well before the first Leonid 
inaxinium on No.\-ember 18. This occiirrecl primarily in the European and North Xrnerican 
clata. There are too few visual results available in our files from t'hen to  be conclusive as to  a 
potent'ial source. but t'he higher radio counts occurred during the Leonid radiaiit,'s normal diurnal 

r early :\l'os.ember ones either. 
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visibility In this regard, it is interesting that  (Ogawa et al. 2002b) reported enhanced numbers 
of longer-duration echoes over Japan on the UT evenings of November 15 and 17, noting that 
Japanese visual observers also detected increased numbers of bright to fireball class Leonids a t  
the same time, n-ith a distinctljr reduced quantity of such meteors on Sowmbpr 16. Our results 
here do not confirm a repeat event on November 17, but it seems probable an increased Leonid 
bright meteor flux on November 15 was the main cause for the spike in radio rates our observers 
found. Unfortunately. we are lacking i k a l  or radio reports to confirm or comment further on 
the possible - 21h LT sub-peak after the second Leonid storm maximum on Yovember 18. also 
reported bj- (Ogawa et al. 2002a &z b) .  
After the Leonids, fen. visual obsorTms remained active. but enough to  spot some low a- 
1Ionocerotid rates near their expected Kovember 21  masimiim (ZHRs - 5 at  best). when 69% 
of our radio operators also detected the normal minor As = 238"-239" (November 20 21) peak. 
The final weak radio maxima within the A s  = 240"-248" spell were recoi-ered too, with an 
unusual degree of consistency favouring A s  = 248" (November 29-30: 92% of datasets) for once. 
A slightlj- less-nell confirmed minor cnhancenient was noted at  As = 2-15' (November 26-27) in  
67% of the results. in addition 

Rfi\li hourly radio reflection counts ( d e a d h n e  corrected) 
Data collected by Ton Schoenniaker 

Echoes Rad el ' 
70 

# I  eif, 
t 'l -50 

- 

Figiirc 3 -- Ran- radio iiietcor cclio counts collected by Toil Sclioenrnaker, cor- 
m-sa tura t ion  dead time: b e t w e n  midday on No~.eiii- 

b t r  16 to midclay on Soiwiiber 19. 2001. The thick. irregular line. 
lteycd to the left-liancl y-axis, shows the total echo counts per lioiir. 
The finer, syniiiietrical line, lieyed to the right-liand y-axis gives the 
Leoriid rat1iiint)'S elevation in degrees for Ton's site in the Net,lier- 
lands. This replaces the incorrect graphs in Figure 6 arid Figure 1 of 
(AIcBeatli 2002i1 k b) respcct,ively. (Note too that the original cal)- 
tions in 1iot)li rcf'crciices sliould have meiitioiicd Ton's data as being 
corrected fcr clcac! tiuic n-hcrc more thar: 10%, per hour ;\-as lost, to 
s!.steiri-satnration. This no longer applies to the graph here. n-liere 
all hours nit11 dcatl time have been corrected.) 

3 .  December 
-4 bright. fragmenting. fireball around 221'-10"&5 m LT on December 1-2 began the month spec- 
tacularlj. Twenty-nine reports were ieceiiwl by the SP.4 from places across southern England 
and northern France (further sightings were made elsewhere, particularly in Belgium and the 
Netherlands according to other corrcspondence) . Alore correctly. most observers recorded seeing 
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what seemed like a procession of between three to  five. white, yellow or orange fireballs folloxing 
one another closely along the same track in the sky, shedding fainter red-orange sparks or a 
sparkling trail, which passed on a roughly (west-south-?)west t o  (east-north-'?)east track. Even 
the earl!- descriptions sounded more like a man-made object re-entering the Earth's atmosphere 
than a naturally-occurring meteor, as the event had a very long appaient trail across the sky 
(some people suggested it had crossed from horizon to  horizon. though these instances seem 
t o  lid\-e referred to  the local. not the true. horizon) and was moving extremely slowl~-. Best- 
estimates for its visible flight suggested times of around 30 s to 10  s Later investigations showed 
it had been due to the atmospheric re-entry of a metal casing from the fourth stage of a Russian 
PIoton rocket. launchcd from the Baikonur Cosmodroiiie in Ka7akstan about 1 5 h earlier. Cn- 
fortunatel).. the full Lfoon was in the sky at the tinie too, so conspquentlj. fex- of the observers 
ne re  able to  provide accurate details of the object's apparent flight path through the stars. This 
is d1qo a problem that has been apparent during similar man-made fireballs before. even without 
thc l loon ,  xhere the long, very slow, trajectorj. alone can be most confusing. Several people 
coinniented on losing tiack of where the flight had begun for example, and extra confusion m s  
calis(~1 by the multiple nature of the eT-ent. Brightness estimates indicated indi\.idual fiieballs 
~ ~ i t l i i i i  the procession neie  at least magnitude -3 to -6. but again. the moonlit. multiple nature 
of the e \ m t  made iuch estimates even mole difficult than normal, and it is likely one or more 
was sigiiificaiitly biightcr than this, in the magnitude range N -7 to -10. as some reports noted 
clcai iiiol-ing shadow being cast. despite the I\Ioon! -4 further, alniost identical. re-eiiti J fireball 
-c lui te i"  was Sceii fioiii sites acioss the midwestern L-S-4 at 4l118In LT on Decemlxr 1-2.  duc to  
motlie1 pait  of the same rocket launch (the thiid stage), accorciiiig t o  ieports publishcd ainong 
tlic Cc~iiiljiidgP Coiifwmce Setwork e-notice5 foi 2001 Decenibei 4 (CCSct 120/2001) 

140 1 I 

f 

Figure 4 - l Iean Geminid ZHRs for Dcccmbcr, 2001. calculated usiiig r = 2.6. 
for obseryations made n-licrc l i r i  = -1-5.5 or b c t ~ c r .  cloliti CO.,.CI' less 
than  20%'; and the radiant, elcvat,ioii m s  at  least 25". Tvitli stariclarcl 
cwor bars appended. 

17i5iiallv9 tlic first n.cek of December was lost to full Aloon othei than thir, but some earl? 
Gc~ininitls T T T ~ ( ~  apparent as soon as the  Zloon had waned to  last quartei bv December 7 .  Little 
T Y ~ I ~  seen of the minor showers peaking during the first half of December by this method. although 
the normal pre-Geminid lesser radio maxima were all rccovered. ObserT-er nctivity picked up as 
anticipated tonards the expected Geminid peak. and some excellent covcrage right through the 
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shower was possible this year between December 9 to 15. as Figure 4 demonstrates. Figure 5 
s h o w  more detail from the time nearest the shower's expected maximum, 4h UT on December 14 
(IlcBeath & Xrlt 2000). The highest J k a l  rates were indeed on December 14 in these results, 
but slightly later than expected at  6h * 1 h LT (A, = 262?29 i 0?04). with a ZHR of 108 rrt 9. 
It is unclear how significant the dip in rates at 8h & 1 h UT and the subsequent secondary peak 
at 91130" i 30 in UT may be, as the dip began during the handover between European and 
North American Tvatchers. when relatil-ely fen- people were active. The preliminary IhIO data 
(Rendtel 2001) showed ZHRs holding fairly stead>- betn-een N 23h-4h UT on December 13-14. 
at 115-120. Rates then fell slightly to 108 i 3 at the 4h25m and 5h05m LT datapoints. before 
ieco\Piiiig marginally to  112 & 5 bj- 6h10m UT. peaking once more 11)- the 8h05" UT point 
with a ZHR of 117 rrt 6. \lost radio observers concurred on finding their highest echo counts 
at some point lxtween - 20"-911 UT on December 13-14, allowing foi radiant visibilities at 
the various sites. but there is no convincing evidence for any sub-peaks between datasets. and 
there is coiisiderable scatter in individual iesults about the mean peak time. suggested by closer 
allaly5k as a t  6h36" k 1 h UT on December 1-1 (A, = 262?31 rrt 0?004). Overall. the differences in  
visual rates ale sinall enough that a generally uniform rates plateau overnight on December 13-14 
seems the most plausible explanation. without a sharply-delineated maximum. which the radio 
results n.ould tall!- R ith equally. 

Figiire 5 -- A close-up of tlie Geminid ZHRs from Figure 4 closest to  tlie shon.er's 
iriaximum. 

Tables 2 and 3 pro\-ide details on the global Geminid and December sporadic riiagnitude and 
t ra in  distributions respectively. The Geininids were pleasingly bright as seen bv most observers. 
but without producing many fireballs. a5 has been found several times in recent years No 
Geminids brighter than niagnitudc -5 were reported to  us during complete observations, arid 
only a couple of inagnitude -6 events were spotted by casual observers. 
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Shoner ~ - 3 -  -2 

GEM 11 2 6 5  
SPO 2 5 

Table 2 - Global magnitude distributions for the  2001 Geminid? and December sporadics seen 
in good sky conditions (cloud cover < 20%. LIT = +5 5 or better). including mean 
L1.I and corrected mean magnitudes. 

-1 0 +1 ~ $2 $3 $4 +5+ Tot LRI ?%65 

36 76 5 159 ' 228.5 30-1 206 87 [ 11345 +589 1-2.96 

I 

3 6 , 25 I 59 , 96 I 70 48 , 317 ~ t5.92 $3.54 

1 lag ni t u de 

GEAI train % 

-3- -2 ' -1 0 , t l  +2 +3+ Tot '2 

.5 0 4 I 1.5 j 0 40 3.9 

D (> s 1) i t  t' t 1 i is 1 . ~ 1  a t  i TT pa tic i t ,s- of 1.1 right (Y fi r t' b a1 1 s . t 11 (3 o 13 s e r T.C: rs in? rc ge 11 e r a 11 J- 11 ii p py TY it h \Y h at 
the!- s a ~ .  111 the U I i .  Decenib~r  13-11 f ' a ~ - o u i ~ o c l  sites iii soutli-east Eligla~itl especially with 

the cle;wance iiioI.ing slon-1:- imstn.ards aiid slight1:- north as t l i e  night progressed. 
r some Iiiifortimately, while nortli of E i m  -4iiglia endured c1iiefl:- c1oi.itlj- skies. These 

m(ow i ior thc~ly locatioiis had eiijoj-ed a bet tcr night oil December 12-13 I ion -e~w.  which was some 
i,oiiipciisatioii. especiallj- as watchcrs further soiit 11 had oiwcast  skies that night. The observers' 

Stcv-~  El-ans in East .-?iiglia ran his ikleo camera for six hours after skies cleared during the 
latc) eT-ening. to become completelj. clear ljj. iiiidriiglit ~ aiicl lie carricd oiit. some casual Yisual 
ohseri~iiig while cliccliing the caiiiera m s  running smootlilj-. He saw rates of about  one Geiiiiiiid 
a iiiinute, including one of the magnitude -6 fireballs, at 3h15''' LT: although t'j-pically it was 
wit'liout the camera field! 

Fiutlier n-est in Oxfordshire: George Spalcliiig f(iuiit1 skies onlj- cleared coinpletel>- a t  ahout, 
l " 2 P  UT: but' it, was clear and cool after tha t .  nit11 temperat'ures dipping t'o freezing after the 
cloutls depart'ed. Geminid rat'es were good, and watching was possible until sliortl:, before claw1 
tn-ilight grew too strong. though George felt activity was iiot pcxliaps quit'? so high as in 1996 
(n-liicli ~vas one of the k-ery best Geminid retiiriis seen from thc LTK in  recent times). 

l\-c>st again: and  further north, in Stafforclsliirc. Toiij- Ala,rkham discovcrcx-1 the  clouds persist,ed 
i i i i t i l  at least' 3 T. but had melted an-ay IT-hcii he iicxt cliecl<ed at, 5"30'" UT. This left t-,ime for 
a fcn. 7-ariable I' ohsenrations from his home. hii t  too little tirile to gct to his preferred meteor 
n.atwliing sit'e, a ~ ~ a y  from t'lit-, houses aiid streetlights, before tlic; slq. WIS too bright,. Despibc 
that: lic still piclied up a couple of casiial Geiriinitls Ts-ith little effort. 
East o f  t,he UK: hlarco Laiigbroeli in the Notliei-lands already had clear, cold skies as darkness 
f'cll% the sltics n-hich mould later help our southern L X  ohseryers so well. Rlarco was able to  
observe for a couple of hours over midnight UT, 1iaTing t>o be u p  for work early nest day. He 
eiiJo~w1 t'he excellent raws lie saw: all t'he better for getting them from close t'o home for once: 
under an unusually transparent sky with a Lh.1 of t6.4, exceptionally impressiT-e for t,hat sit'e, 
as he coniriientcd. 

11elon. are all froni December 13-14. 

I , 
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In the  LS.4. two of our longer-standing observers there, Jay Braiisch and Bob Lunsford enjoyed 
surprisingly similar conditions to  one another for their watching-cool. icy neather, with some 
thin cirrus clouds at  times-despite being in very different parts of the country. northern midwest 
and extreme southwest respectively. roughly 2000 km apart Both also had to ohsene complete 
with colds. along with quite a proportion of our  other watchers. Both spotted around 260 to 
275 meteors in four hours as well, with L l I s  of +6.1 to +6 4 for the most part 
The post-Geminid minor radio peaks were noted much as expected, although theie was littlc 
trace of any Vrsid signature close to  the predicted maximum on December 22. at 12h UT 
(IIcBeath & Arlt 2000). This problem TI-as iepeated in the visual observations, vhere ZHRs 
nere just 5 41 3 for our European and North American watchers orernight on December 21 
aiid 22 Seleial experienced observers recorded zero counts then too. despite cleai skies T h e  
picliminarj Japanese Lrsid da ta  (Ogana 2001) suggested ZHRs of 13  i 6 were seen from - llh- 
13h UT 011 Decernber 22, perhaps with a tail persisting to  N 15h UT (ZHRs = 12  dz 5) Looking 
closely at the radio data ,  there is some slight support for a verjr n-eak maxiiniim detected betn-een 

11'1-l.3h UT on December 22,  albeit this rernaiiied unconvincing and was not found in rriaiij, 
datasets .A curious Ursid epoch this jeai ceitainljr 
Oiic last odd item concerned a supposed11 substantial meteorite fall in Snondonia North TT'ales 
a t  some uiidefiiied date between October 21 and December 10. 2001 This featured 111 the local 
piess theie onlj- on January 24. 2002 ( .sST'estern llail" for that date).  diid clesciibed a ioughl! 
iectangulai nclter-filled trench of unspecified depth, some 10 ni-20 In long aiid aboiit 1 m uide  
11 hich lind appaieiitlj. iuddenlj  appeaied oii an  open hillside +I rock oiittrop iiear one eiid wCis 
clmiictl a i  slion iiig signs of lia\ing lice11 foicibly struck b j  some ohlect ~ l i i l e  tlie 0 t h  end nas  
iii ri lioggr c ~ i e c ~  iiiiiiiccliately adjacent to a in j  steiioiislr, uiidistiiihcd poi t -and-n  iie friicp-line - 1 2 ill 1 a l l  
It 'i'icis a l io  c lmiiccl  rhcit  rocki had hccii fiuiig u p  t o  100 iii anti\ fioiri the ticiicli althoiigli 
tlicie UA- 110 pliotogrcipliit el ideiice piocliicccl to suppoit this, m d  no attempt to ideritifj the 
iiatiiic 01 1oc;ition of these rochs appea ipd  to 1iaTe been mntle Liifoitiiiiatelr- the  si tc is in  tho 
Siion donia \atioiial Paili. an aiea popiilai w t l i  walkers. riiIiiiei5 aiicl iiioiiiitaiii l i ikcii .  is 
ieg~ilculj 01 erflowi 13) inilitai j. mcraf t  a i  n.cll, so a teirestrial explanation iccined iiioie like11 
fioiii tlic outset -1 lightning itiikc n a s  also suggeited as an alteinative I)o5siliilit 
.-ltiocious TI intei ncatliei prc\ eiited a hopcd-foi r isit by iiir-estigators fiorii the UK Spxegiitiicl 
Ceiiric ciiicl L i r  cipool John l looics  Liiir-cisitj diiiiiig Jaiiuarjv and Fcbiiiai!. 2002 aiicl 11 licitliei 
aiir- inrv'\tigcltion  as cr ci caiiied out reriiaiiis uiiknon 11. as nothing iiioie ha5 beeii foi thcoiiiing 
siiicc KO l~iiglit fireball olxei\atioiis have been associated with this er eiit eithm , 1101 weic any 
iicaihi- ionic hooiiis iepoitcd diiiiiig tlie Octobci-Decciiiber iiiteival that iiiight lihrc iesultcd 
froill (1 t)ilght fileball hldde11 bj. Cloud5 
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