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WGN, the Journal of the IMO 38:2 (2010) 49Editorial � �reballs and meteoritesJavor KaIt has long been hinted that spring brings higher rates of bright sporadi �reballs. Indeed, some of the well-known meteorite-produing �reballs were witnessed in the period from February to April, e.g. the P°íbram (1959April 7), Innisfree (1977 February 6), Neushwanstein (2002 April 6), Park Forest (2003 Marh 27), and Jesenie(2009 April 9) meteorites. Being involved with the last meteorite fall from the list above, I was looking forwardto what Spring this year will bring.Unfortunately, the skies did not bring any extraordinary bright �reball over Slovenia this year. Nonetheless,a number of bright �reballs were witnessed aross the world. Two most notable are highlighted below.On 2010 February 28 at 22h24m46s UT, a very bright �reball was seen from Hungary and Slovakia. Despitethe mostly loudy sky over this part of Europe, the �reball or its �ashes have been reorded by many seurityameras as well as the photoeletri sensors at several of the European Fireball Network stations. Data from theseurity ameras lead researhers to the Slovak town of Ko²ie, where the meteorites were soon reovered.The �reball footage sequene from a seurity amera near Budapest, Hungary is presented on this issue's bakover.Several weeks later, another very bright �reball appeared over the Amerian ontinent. On 2010 April 15at about 03h07m UT, a brilliant �reball shot above SW Wisonsin. Aording to Amerian Meteor Soiety's�reball log, the sightings were reported from 12 states in the the Amerian Midwest. Dozens of witnesses, mainlyfrom Wisonsin and Iowa, also reported about hearing soni booms. Many video reordings of the �reball wereseured. Also, the weather radar piked up the eho from the falling meteorites.Less than a day later, �rst meteorites were already reovered near the town of Livingston, WI.Two video reords of the event have been posted on BBC web pages:http://news.bb.o.uk/1/hi/world/amerias/8624064.stmWith the seurity ameras now being ubiquitous, and with an inreasing number of speialized meteor and�reball ameras installed throughout the world, we may expet to hear even more about similarly bright �reballsin the future.IMO bibode WGN-382-editorial NASA-ADS bibode 2010JIMO...38Q..49K
Call for photographsJavor KaWe are frequently short of photographs for the WGN overs that we publish in olour (front over) or blak&white(bak over). If you think you have a suitable meteor-related photograph, please o�er it to us. More or less anyomputer image format will do. You an send your photographs to wgn�imo.net, but remember to put `Meteor'in the subjet line to get round the anti-spam �lters.IMO bibode WGN-382-ka-all NASA-ADS bibode 2010JIMO...38R..49K



50 WGN, the Journal of the IMO 38:2 (2010)HistoryMeteor Beliefs Projet: Seven years and ountingAlastair MBeath 1, George J. Drobnok 2 and Andrei Dorian Gheorghe 3The Meteor Beliefs Projet's seventh anniversary is elebrated with an eleti mixture of meteor beliefs fromthe 1799 Leonids in Britain, the folklori link between meteors and wishing in some Anglo-Amerian soures,how a meteori omen ame to feature in Nathaniel Hawthorne's 1850 novel The Sarlet Letter, and a humorousitem from the satirial magazine Punh in 1861, all helping to show how meteor beliefs an be transformed bydi�erent parts of soiety.Reeived 2010 February 131 Introdution (by AM & ADG)Several times during the Meteor Beliefs Projet to date,we have published oasional eleti ompilations ofmaterial disovered by ourselves or others. We haveoften used the Projet's April anniversary to presentsuh items, and we take the opportunity of this seventhanniversary to do so again. There is though a gen-eral theme of transformation of ideas running throughthe material below, in partiular how the publi perep-tion of meteori phenomena an di�er signi�antly fromwhat more sienti�ally-inlined thinkers are preparedto aept, and how this helps blur the lines betweenwhat various groups in soiety might onsider `fat' or`�tion'. In doing so, we are delighted to welome bakas guest author George Drobnok, who was instrumen-tal in loating muh of the original detail used in theseond half of this paper espeially. As ommonly atpast Projet anniversaries, we have attempted to adda deliberately humorous note with the �nal item dis-ussed.We use this anniversary artile also to invite othersto ontinue to ontribute information for the Projet'sfurther advanement, onerning literary, poeti,mythologial or folklori referenes to meteors. Our in-augural artile (MBeath & Gheorghe, 2003), and theProjet's webpage, o� the �Ongoing Projets� page ofthe IMO website, have notes on what is of most interestto us.2 The 1799 Leonids from BritainIn disussions of the great Leonid storm of 1799 Novem-ber 11�12 (e.g. Littmann, 1998, Chapter 4), we fre-quently �nd observations of it ited as made from theAmerias east as far as Greenland and ships on thewestern Atlanti Oean, oasionally with mention ofa lone sighting from Germany in Europe. However, thestorm was seen elsewhere in Europe too, inluding inthe British Isles, where several reports from plaes sat-112a Prior's Walk, Morpeth, Northumberland, NE61 2RF,England, UK. Email: meteor�popastro.om2213 South Je�erson Street, Mount Union, PA 17066, USA.Email: drobnok�penn.om3Bd. Tineretului 53, bl. 65, ap. 40, set. 4, Buure³ti, Roma-nia. Email: agdsarm�gmail.omIMO bibode WGN-382-mbeath-7thannNASA-ADS bibode 2010JIMO...38...50M

tered aross England and south Wales featured in TheGentleman's Magazine (Vol. 69, Part II, 1799 Novem-ber, p. 987), a leading urrent-a�airs journal in Britainat the time. Despite the full Moon then, hundreds ofmeteors or more per hour were seen, many bright tovery bright, leaving trains lasting two or three minutesat times.At Hull on the Humber estuary near the east oast ofEngland, �One of these meteors, more brilliant than therest, illuminated the whole �rmament, and by its appar-ent approximation to the earth reated some alarm.�(Note that in the Gentleman's Magazine quotes here,the original �long-s's� have been onverted to the mod-ern short form.) Further north, at Greatham nearHartlepool on the northeast English oast, �The gen-eral appearane was sublimely awful. To some speta-tors the sky appeared to open, and to display a numberof luminous serpents moving in a perpendiular dire-tion. These were soon afterwards broken into separateballs and fell towards the earth in a shower of �re.� TheMagazine's editors onluded the verbatim reports withthe Aristotelian dotrine, still generally regarded as themost plausible for meteors among experts at the time:�These meteorous appearanes, so frequent of late, maybe aounted for by the great moisture of the earthwhih, being exhaled by the heat of the sun, produesthese in�ammable vapours.�Suh a dismissive attitude seems to have preventedother Leonid sightings from being published after theevent's immediate novelty had passed. However, amongthe noties following the 1866 Leonid storm, Dr DavidGavine (personal ommuniation), urrently the BAA'sAurora Setion Diretor, unovered an item in the Ab-erdeen Journal newspaper for 1866 November 21, inwhih John Cruikshank (1787�1875) realled the 1799storm as he saw it from Ban�shire near the Aberdeenoast of northeast Sotland, when he was twelve. Hehad left home on foot well before dawn, and remarkedof others he met that, �Several persons who had set outearlier to arry their produe to a sea-port desribed thenumber of shooting stars as inalulable, and said theythought all the stars in the eastern half of the heavenshad shot, believing that every train of light ame fromsome star.�These quotes neatly framed both the ommon andlearned beliefs about meteors in Britain in 1799 � �erysky-serpents or dragons able to ause fear, and perhaps



WGN, the Journal of the IMO 38:2 (2010) 51real damage, to the Earth, while eah meteor was alsoa falling star. At the same time, they were `really' onlyignited vapours in the upper atmosphere, so of proto-sienti�ally little signi�ane.3 Meteors & wishingAs disussed in the Projet previously, (f. most re-ently Avilin, 2009), making a wish on seeing a me-teor was a belief found in various plaes. Burke (1986,p. 215, and the referenes in notes 2 & 3 on p. 353) sug-gested it was ommon in Europe, Eurasia and NorthAmeria, sometimes requiring the wish to be made be-fore the meteor vanished to be suessful. Opie & Tatem(1989, p. 376) ited examples from the British Isles be-tween 1839 and 1957, suh as, �Whatever you think ofwhen you see a star shooting, you are sure to have�,from 1851, or, �Wish quikly while the star falls�, from1953. Burke (lo. it.) gave the view of some of hisited authors that the belief related to the idea of a starfalling from the sky when the gods opened the heavenlydome to view the Earth, and that the star extinguish-ing was due to this sky-door losing, after whih thegods would no longer hear the wish. The impliation ofthe plural `gods' seemed to be that this was thought ananient belief, albeit one without foundation, and likelyone simply onstruted as an explanation by sholars inthe late 19th and early 20th enturies, judging by thedates of Burke's referenes.It seems more plausible the wishing-on-a-meteoronept may have originated from a human desire to tryto ontrol the apriious nature of meteors pereivedas omens, whih latter, as we have explored before,had genuinely anient roots. Transforming a porten-tous meteor into one where its implied power ould beredireted towards a desired personal goal, instead ofa random one, would thus have given a quik-wittedwitness a share in that supposed power.A further aspet of this is the belief of wishing onan ordinary star, suh as the �rst one spotted in theevening twilight (Opie & Tatem, lo. it.). This ouldnot have related to the idea of a door opening and los-ing, as suggested for meteors, yet it may still have beenonneted to meteors, possibly having originated as aneasier task than trying to wish on an unpreditable,brief, `shooting-star'. It is not lear though when thisordinary-star wishing onept began. Opie & Tatemited the �rst reorded instane from Britain as 1958,but their 1964 entry indiated it was in use by ira1914. It famously featured in Amerian movies in 1939(�The Wizard of Oz�, in the song �Somewhere Over TheRainbow�) and 1940 (�Pinohio�, the song �When YouWish Upon A Star�), so was a well-known theme bythen. There is a degree of ambiguity in just what `star'might have meant in both songs, whih ould have en-ompassed `meteor' as well. For instane, even mod-ernly, the Walt Disney Company's logo at the start oftheir movies features the opening notes from �When YouWish Upon A Star�, while a star leaving a urved trailshaped like a rainbow passes over a stylized `Magi Cas-tle', su�ient to perpetuate the onnetion between me-

teors and wishing in many people's minds into the 21stentury.Though not diretly related to wishing, another songin �The Wizard of Oz� desribed the heroine Dorothy ashaving arrived in the land of Oz by falling from a star,a star named `Kansas', her home state in the USA onEarth, something whih further linked to eah star onthe USA's �ag representing a state within the Union.As her arrival killed one of two wiked withes, and freedthe loals from her evil domination, that too ould beseen as ful�lling their wish to be free.4 Hawthorne's The Sarlet LetterIn 1850, Amerian author Nathaniel Hawthorne (1804�1864) published his seond historial novel, The SarletLetter. This was set in the formative days of the Mas-sahusetts Puritan olony on Ameria's east oast, twoenturies earlier. It partiularly entred on events sur-rounding a few of the olony's prinipal haraters, mostoriginally real, the leading four imaginary, from the keyMassahusetts towns of Salem, Hawthorne's birthplaeand where he wrote the book, and Boston, whih re-plaed Salem as the olony's apital in September 1630.The linking thread in the tale was the eponymous `Sar-let Letter', an `A', whih reurred in di�erent formsthroughout the work, always as a red letter set on adark bakground.The meteori `A' ourred in Chapter XII, the mid-dle hapter of the novel, �The Minister's Vigil�. Theminister was the invented lergyman Arthur Dimmes-dale, who, with muh on his mind, had been wander-ing about Boston on a loudy, thus very dark, night,supposedly in early May, running thoughts through hismind, and imagining various unpleasant possibilities.One suh thought aused him to shriek aloud, but onlytwo people elsewhere seemed to have heard this, andbrie�y looked out into the night with lit lamps fromtheir bedrooms. Hawthorne used this as a ue to be-gin others stirring however, beause it seemed this ryhad oinided with the death of the olony's �rst gov-ernor, John Winthrop (1588�1649 � he atually diedon 1649 Marh 26, not in May, however). Weaving thisgenuine death into the novel provided a date for theassoiated events, of ourse. Dimmesdale �rst saw theReverend John Wilson (1591�1667, really minister ofthe First Churh of Boston), returning home from at-tending Winthrop's deathbed. Then he saw his seretlover Hester Prynne and their equally seret daughterPearl, who had also been with Winthrop when he died.Dimmesdale spoke with Hester and Pearl for some time.Then suddenly, �a light gleamed far and wide overall the mu�ed sky. It was doubtless aused by one ofthose meteors, whih the night-wather may so often ob-serve burning out to waste, in the vaant regions of theatmosphere. So powerful was its radiane, that it thor-oughly illuminated the dense medium of loud betwixtthe sky and earth. The great vault brightened, like thedome of an immense lamp. It showed the familiar seneof the street, with the distintness of mid-day, but alsowith the awfulness that is always imparted to familiar



52 WGN, the Journal of the IMO 38:2 (2010)objets by an unaustomed light� (Hawthorne, 2007,p. 121).As explanation for what followed, Hawthorne addeda note between Dimmesdale's looking upwards and de-sribing what he saw there. �Nothing was more om-mon in those days, than to interpret all meteori ap-pearanes, and other natural phenomena, that ourredwith less regularity than the rise and set of sun andmoon, as so many revelations from a supernaturalsoure. Thus, a blazing spear, a sword of �ame, abow, or a sheaf of arrows, seen in the midnight sky, pre-�gured Indian warfare. Pestilene was known to havebeen foreboded by a shower of rimson light� (op. it.,pp. 121�122).What the minister saw was what seemed to him thelines of a large, dull-red, letter `A', due to some thin-ning of the dark, overast louds, as the meteor itselfpassed unseen. Naturally, his guilt interpreted this as`A' for `Adulterer', but others who were abroad then,and who also saw the sky light-up, suh as the town'ssexton, interpreted it as `A' for `Angel' � �For, as ourgood Governor Winthrop was made an angel this pastnight, it was doubtless held �t that there should be somenotie thereof�, as the sexton put it (op. it., p. 124).As the entral event of the novel, this meteori `Sar-let Letter' signalled the start of hanges for the book'sharaters and their ommunity, sine the death of thePuritan founding-father John Winthrop would ulti-mately bring in new people to the olony's administra-tion, whose ideas would be di�erent to his, and whihontrast Hawthorne wished to explore. It was thus apartiularly pivotal moment, as Washizu (2008) noted.There were several other points of importane.Hawthorne had an ative interest in astronomy, andwas alive and writing at a time of signi�ant mete-ori and ometary events (suh as the 1833 Leonids,Comets 1P/Halley in 1835�36, and C/1843 D1). Hisdesription suggested he was familiar with the appear-ane of meteors generally, and may indeed have wit-nessed a brilliant �reball illuminating a loud-sheet. Hewas equally aware of the links in folklore between mete-ors and portents, and meteors and death (f. Gheorgheet al., 2006), when deiding to make a meteori eventsuh a entral transformative fore in his novel.However, no suh meteori omen was assoiated withthe death of the real John Winthrop in 1649 � f.Washizu (2008). There was though a omet, C/1652 Y1,seen from mid Deember 1652 to early January 1653,whih was taken as a portent in Massahusetts as fore-telling the death of millennialist preaher John Cotton(1585�1652) on 1652 Deember 23. Cotton was a on-temporary of Winthrop's, and had sailed in Winthrop's�eet from England for Massahusetts in April 1630. Itseems likely that Hawthorne deliberately reinterpretedthis genuine ometary portent preeding John Cotton'sdeath, into a meteori one immediately following JohnWinthrop's, in his book. Winthrop, as suh a lead-ing �gure in the olony's soiety, would have been anideal subjet for suh a elestial ommemoration, hadthe meteori omen lore been aurate, and this �ttedpartiularly well into the novel's symboli idiom.

5 �Meteors for the Million�An item from the British satirial magazine Punh(Vol. 41, 1861 August 24, p. 75) forms our �nal pieethis time. Entitled �Meteors for the Million�, it ast asarastially omi eye over some meteor observing in-strutions, laimed as sent to the magazine �by an em-inent astronomer�. We have been unable to asertainwhether some original instrutions really lay behindthis, or if the entire text was simply a spoof based onpriking the pomposity of sientists unable to providereadily-omprehensible information. It was written asif the instrutions were genuine, ertainly. This was theperiod when olleting aurate positional data for me-teors was beoming inreasingly important, of ourse,and it says muh for the level of interest in meteors in1861 that suh an artile should have featured in Punhat all.Punh's editors ited from the instrutions as fol-lows:�Let a smooth tree or �rm eret post, 5 or 6 inhes(12 or 15 m) thik, be seleted, and the ground madelevel about it. The observer, provided with a piee ofhalk, will embrae the tree with his lasped hands atfull arm's length, the head and body being held eret.At the appearane of a Meteor, the body will be swungabout until the bole of the tree or post intersets uponthe heavens the entral point of the Meteor's path, andthere, without deranging body or eye, he will halk atthe entre of the tree's fae a small �gure (1), and noteat one opposite to a similar number in a book or formof registry the hour of an imaginary lok-dial, towardswhih the Meteor might be judged to have shot fromthe entre outwards, 12 o'lok being imagined at thetop of the post.�While applauding the exerise thus a�orded to theobserver, the editors expressed onern for the after-dinner witness having to hold the post at full stomah'sdistane too, and that derangement of mind, let alonebody, eye or dress, was liable to result for any ample-bodied observer attempting suh gymnasti feats, si-multaneously jotting down notes on the meteor, yet stilllasping the tree �rmly with both hands! Worse still,the instrutions ontinued by requiring additional notesto be taken, regarding the time, appearane, brightnessand path-length for �all the suessive meteors [. . . ] thatappear within the hour of observation�. Finally, a `hori-zon irle' and `south line' were to be halked on thetree, the distane from the observer's eye to the `hori-zon irle' measured, along with the `horizon irle's'irumferene, and measurements for the heights abovethis `irle' and distane east from the `south line' forevery meteor �gure marked on the pole.The editors onluded their ommentary by notingthe instrutions still seemed inomplete, and wondered,�what observers are to do in ase a meteor falls behindthem�, or, �if to orroborate their sienti� evidenethey must dig up the tree or post by whih they madetheir observations, and send it to the savant to whomthey send their notes.� They also warned of the dan-ger of mistaking a polieman's bull's-eye lantern light



WGN, the Journal of the IMO 38:2 (2010) 53for a meteor, �espeially at eventide and after a gooddinner, when their vision, if not double, is not the mostdistint�!6 ConlusionFor all its humorous intent, �Meteors for the Million�reminds us that what may seem lear to one person isnot neessarily so for others. Suh di�ering pereptionsabout meteors as we have explored here illustrate howsuh beliefs an be manipulated into new forms. Thisis just as well, sine it is how siene progresses too.Looking bak 210 years to 1799, it is fasinating to notethe popular beliefs about meteors then, are loser towhat we would onsider orret sienti�ally now, thanthe Aristotle-inspired `ignited rising vapour' onept,the learned paradigm of its day.ReferenesAvilin T. (2009). �Meteor Beliefs Projet: More Be-larussian meteor folklore�. WGN, Journal of theIMO, 37:1, 48�50.Burke J. G. (1986). Cosmi Debris: Meteorites in His-tory. University of California Press.Gheorghe A. D., Watson R., and MBeath. A. (2006).�Meteor Beliefs Projet: Birth and death super-stitions assoiated with meteors in Romanian andBritish folklore�. WGN, Journal of the IMO, 34:5,146�147.

Hawthorne N. (2007). The Sarlet Letter. Oxford Uni-versity Press (Oxford World's Classis imprint).Littmann M. (1998). The Heavens on Fire: TheGreat Leonid Meteor Storms. Cambridge Univer-sity Press.MBeath A. and Gheorghe A. D. (2003). �Meteor BeliefsProjet: Introdution�. WGN, Journal of the IMO,31:2, 55�58.Opie I. and Tatem M. (1989). A Ditionary of Super-stitions. Oxford University Press.Washizu H. (2008). �Celestial hieroglyphis�. In Paperdelivered at the Nathaniel Hawthorne Soiety Meet-ing, Bowdoin College, 2008 June 14. Available at:http://www.hawthorneinsalem.org/SholarsForum/MMD2683.html.Handling Editor: Javor KaThis paper has been typeset from a LATEX �le prepared by theauthors.



54 WGN, the Journal of the IMO 38:2 (2010)Ongoing meteor workAnalysis of the SonotaCo video meteoroid orbitsPeter Vere² and Juraj Tóth 1Sine 2007, the Japanese video network has provided a signi�ant amount of meteor data observed by themulti-station video meteor network loated in Japan. The network detets meteors generally up to magnitude
+2 and is probably the most aurate and largest freely aessible video meteor database to date. In this paper,we present our analysis on the qualitative aspets of the meteoroid orbits derived from the multi-station videoobservations and of the separation of the stream members from the sporadi bakground.Reeived 2009 Deember 191 IntrodutionThe SonotaCo database of meteor orbits onsists of38710 entries. Of those, 37% were identi�ed as showermeteors. Data were taken by 35 video meteor stationsin Japan during 2007 and 2008 (SonotaCo, 2009). Thesurvey goal was to over the entire year. Eah databaseentry is equivalent to the helioentri orbit derived fromthe multi-station video observation. In addition to thehelioentri orbit, the meteor is identi�ed as a showeror a sporadi meteor, based on the apparent position onthe sky plane, angular veloity, magnitude and derivedphysial parameters suh as geoentri veloity, relativeheight of the meteor trail above the surfae, durationof the visible trail, et. All parameters were derivedby the UFOAnalyzer software and all orbits derivedby the UFOOrbit software, both made by SonotaCo.The notable advantage of the database is the very simi-lar amera setup of all the network stations (e.g. lensesand CCD video ameras) and unique tool for astro-metri and veloity redution (UFOAnalyzer), whihalmost eliminates individual observer in�uenes. Thismakes the database very homogeneous.2 Database redutionIn order to separate high-quality orbits, we set multi-ple onstraints on the database. The onstrained pa-rameters are presented in the parentheses. Usually weadopted a quality determination aording to the Q3ondition for the high-preision omputation (internalset of parameters for UFOOrbit). Most importantly,the entire meteor trail had to be inside the �eld of viewof at least two video meteor stations (inout = 3). As-trometri auray and veloity determination inreasewith the observed trail length, so the meteor trail hadto be longer than 1 degree (Qo > 1) and the durationof the trail was over 0.3 seonds (dur > 0.3). At theNTSC frame rate of 30 frames per seond, this pro-vides at least 10 positions and veloity measurementsper meteor trail. These parameters were set with re-spet to the network amera setup. Also the parameter
Qc (ross angle of two observed planes) had to be larger1Faulty of Mathematis, Physis and Informatis, ComeniusUniversity, Mlynska Dolina, 84248 Bratislava, Slovakia.Email: toth�fmph.uniba.skIMO bibode WGN-382-veres-orbitsNASA-ADS bibode 2010JIMO...38...54V

than 20 degrees. The apparent veloity and derived ve-loities from two stations may di�er; our onstraint re-quires the di�erene to be less than 10% (d v12% < 10).One trail observed from two stations must be detetedto reah at least 50% overlap (Gm%) and the groundprojetion of the same meteor observed and derived fortwo di�erent stations must not have a larger deviationthan 0.1 degrees (d GP ). Finally, the total quality as-sessment parameter must be larger than 0.7 (QA).The number of meteor orbits that ful�ll the qualityonstraints is 8890. 47% are meteoroids identi�ed asstream members (IAU established meteor showers andshowers from the IAU working list). 292 meteoroidsare on hyperboli orbits (a < 0 and e > 1), of whih144 are sporadi and 148 were assigned to a meteoroidstream (mostly Perseids, Orionids, Leonids, DeemberMonoerotids, σ-Hydrids).The three-step algorithm of the meteor shower iden-ti�ation by SonotaCo is the following. A partiular me-teor must be observed during the known meteor showerativity (de�ned in J6 atalog (SonotaCo, 2009)) plus10 days variation. The bak-traed meteor trail mustlie within 100% of known meteor radiant. The geoen-tri veloity must be within 10% of the known meangeoentri veloity of the shower.3 Meteoroid stream identi�ationThe assignment of a meteor to a meteor shower is nota trivial task. In our analysis, we employed orbit sim-ilarity riteria to distinguish shower meteors from thenon-shower omponent of the SonotaCo video meteordatabase. Partiularly, the Southworth�Hawkins D-riterion (DSH) was used for seleted meteoroid streams(Southworth & Hawkins, 1963). Considering the in-dividual behavior of meteoroid stream orbits in om-parison to the mean orbit, we alulated the distri-bution of the D-riterion for the Perseids (referenemean orbit by Kresák & Porub£an (1970)), Orionids(Kresák & Porub£an, 1970), Geminids (Lindblad et al.,2003), Leonids (Kresák & Porub£an, 1970), σ-Hydrids(Jenniskens, 2006), and Southern δ-Aquarids (Kresák &Porub£an, 1970). The histogram of the D-riterion ofthe mentioned meteoroid streams derived from all mete-ors (independently from the UFOOrbit identi�ationof meteor showers) is shown on Figure 1. The limiting
D-riterion for a partiular stream was derived from



WGN, the Journal of the IMO 38:2 (2010) 55Table 1 � Meteoroid stream identi�ation aording to theUFOOrbit algorithm and the Southworth�Hawkins D-riterion. DSH is the obtained limit for the identi�ation ofthe spei� meteoroid stream; All < DSH is the number ofstream members derived aording to the D-riterion fromthe entire subset of data (shower and non-shower); `%' isthe perentage of stream members in the stream omponentaording to UFOOrbit that did not ful�ll the D-riterion;`Data' is number of stream members identi�ed by UFOOr-bit; `Non' is the number of sporadi meteoroids aordingto UFOOrbit, but belonging to the stream aording tothe D-riterion. Our data SonotaCoShower DSH All < DSH % Data NonPER 0.30 907 3.5 931 9ORI 0.20 408 8.8 416 29GEM 0.20 881 3.9 916 1LEO 0.20 90 15.2 105 1HYD 0.30 200 11.2 215 9SDA 0.15 103 2.0 104 1the point where the distribution of the D-riterion be-ame eventually dispersed in the sporadi bakground(dashed lines in the plots of Figures 1 and 2). If themeteoroid orbit has a lower value of the spei� D-riterion, we onsider it a stream member. Finally,we ompared how many partiular shower meteors be-long to the sample of 8890 aording to the method byUFOOrbit and the D-riterion. Aording to the D-riterion, some of the shower meteors (aording to theUFOOrbit lassi�ation) do not belong to the mete-oroid stream and on the ontrary, some sporadi me-teors (aording to the UFOOrbit) do belong to themeteoroid stream, but only in a few ases. The resultsare presented in Table 1.Although 47% of the 8890 meteors are sporadi me-teors aording to UFOOrbit lassi�ation, our investi-gation on six meteor showers implies that the sporadipopulation in the database is ontaminated by showermeteors in a very small number (see Table 1, olumn`Non'; Figure 4). To obtain a rough estimate of the spo-radi meteor population, we applied the Southworth-Hawkins D-riterion equal to 0.25 for 16 major streamsthat may make the most signi�ant ontribution to thesporadi bakground of the SonotaCo database. Weused referene mean orbits of these meteor showers:Quadrantids, Lyrids, π-Puppids, η-Aquariids, Arietids,
σ-Hydrids, June Bootids, Southern δ-Aquariids, Per-seids, Draonids, Orionids, Southern Taurids, NorthernTaurids, Leonids, Geminids, and Ursids (mean orbitstaken from the photographi data (Jenniskens, 2006)).The radiant positions after the �rst separation proe-dure are plotted in the density graph in Figure 3. Weexamined the higher density of radiants at solar longi-tudes 265◦ ± 30◦ (α = 75◦ to 115◦, δ = 10◦ to 28◦) andonsidered it a ontamination from the Taurid omplex(the position of the lump was similar as if the Tauridswere ative for a longer period; the meteoroids havesimilar geoentri veloities and orbits). To separatethe assumed Taurid omplex ontamination, we usedSteel's D-riterion equal to 0.2 for the mean orbit of
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Figure 1 � Southworth�Hawkins D-riteria for stream orbitsfrom the redued database. The dashed line represents thelimit that we adopted to distinguish stream members fromthe sporadi bakground.
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Figure 2 � Southworth�Hawkins D-riteria for the σ-Hydrids and the Southern δ-Aquariids. The dashed linerepresents the limit that we adopted to distinguish streammembers from the sporadi bakground.the Southern and Northern Taurids (Steel et al., 1991;Porub£an et al., 2006). This riterion is not sensitive tothe argument of the perihelion and the asending nodeand, therefore, it distinguishes similar orbits from thesporadis even when the meteor was observed beyondthe established ativity period. Finally, the sporadimeteor ount was derived to be 4068. The all-yearativity is plotted in Figure 3. There are two visiblesoures of sporadi meteors on the apex-orreted ra-diant distribution in eliptial oordinates (Figure 5).The apex soure ontains meteoroids with high geoen-tri veloities, orbits with high inlinations and een-triities. In ontrast, the antihelion soure ontains slowmeteoroids with moderate eentriities and low inli-nations. We may assume that the meteoroids from theapex and toroidal soures have a ometary origin andthe meteoroids from the antihelion soure are of near-Earth asteroid origin.4 ConlusionThe database of video meteors by SonotaCo ontainsmeteors that, among the high quality subset of data,are relatively well distinguished as shower or sporadimeteors. For further analysis of a meteoroid's mem-bership in a partiular stream, we reommend the useof additional tools for the stream identi�ation suh as
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Figure 3 � Density plots of sporadi population radiantsfrom the redued UFOOrbit orbit database (top) and theorreted sporadi population (bottom); on�dent mete-oroid stream members were separated using D-riteria.

Figure 4 � Orbits of the Geminids meteors derived bythe UFOOrbit algorithm. Non-Geminids were identi�ed asGeminids by UFOOrbit but did not ful�ll the D-riterionfor orbital similarity and are apparently displaed from thestandard meteoroid stream.



WGN, the Journal of the IMO 38:2 (2010) 57

Figure 5 � Eliptial oordinates of sporadi meteor radi-ants orreted for the Earth's apex. The olor palette salesrepresent the geoentri veloity distribution and the orbitalinlination, respetively.the orbit similarity D-riteria and the orbital evolutionwith respet to the mean referene orbit of the streamand the assumed parent body. Meteoroids that weremisidenti�ed as stream members for several examinedmeteoroid streams represent only small numbers of theshower group identi�ed by UFOOrbit. The separatedsporadi meteors demonstrated the expeted sky-planedistribution with respet to the Earth's apex with anexeptional, denser region whih might be a part of thewide Taurid omplex. After all, the subset of video me-teoroid orbits we seleted provides reliable data for bothstream and sporadi meteoroids.
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58 WGN, the Journal of the IMO 38:2 (2010)SPA Meteor Setion Results: 2005Alastair MBeath 1A review of analyzed data and other information submitted to the SPA Meteor Setion from 2005 is presented,with some disussion. Events overed inlude: the radio Quadrantid maximum on January 3; a spetaulardaylight �reball seen aross England and Wales at 9h55m20s ± 10s UT on February 20; the η-Aquarid near-maximum ativity reorded visually and by radio; a very well-observed visual Perseid return in July-August,and notes on the radio near-peak ativity; a survey of radio meteor ativity in late September to early Otoberfor the daytime Sextantids; radio data onerning the Otober 5/6 video outburst; the Taurid `swarm' returnand the unusually large number of �reball sightings it helped generate in Otober�November; the radio Orionidand Leonid maximum �ndings.Reeived 2009 Otober 171 IntrodutionDi�ulties in getting material published in WGN in re-ent years led to the regular SPA Meteor Setion resultspapers here at �rst being delayed (so the 2004 quarterlypapers were published only in mid 2007, as MBeath,
2007b, , d & e; see also MBeath, 2005a), and thenpostponed. Of the artiles prepared from data olletedduring 2005 and later, only that on the 2005 radio Dra-onids was atually published in this journal (MBeath,
2007a). Preliminary reports, with further disussion inplaes, were instead published primarily online in theSPA's fortnightly Eletroni News Bulletins (ENBs).Many of these are arhived on the SPA's website, freelyavailable to anyone who wishes to see them. As part ofthe Soiety's ativities for the International Year of As-tronomy 2009, the Setion's webpages have been fullyupgraded and updated, so there is now also a series ofindexes linking to the various meteori ENB topis peryear from 2005 to the present, available via the Se-tion's homepage, at:http://www.popastro.om/setions/meteor.htm .In returning to publishing the Setion's results inWGN again, and following disussions with the urrentEditor, it was felt impratial to resume with the pre-vious detailed quarterly reviews of meteor ativity, be-ause the time elapsed meant the information was nolonger so nearly topial. To avoid a break in the alen-drial sequene however, it was deided to prepare an-nual summary artiles overing the earlier of the `miss-ing' years, before restarting that more usual approah.Consequently, this urrent paper skethes an overviewof the main events of 2005, updating some of the pre-liminary ENB reports in the proess, and inluding ma-terials whih have not been published previously.2 Observing totals and observersIn general, 2005 brought an improvement in meteor ob-server ativity ompared to 2004 for the Setion. Visualmeteor wathing from the UK ontinued to be at a rel-atively poor level ompared to past deades, however.Aside from the obvious, normal, problems posed by112a Prior's Walk, Morpeth, Northumberland, NE61 2RF,England, UK. Email: meteor�popastro.omIMO bibode WGN-382-mbeath-spams2005NASA-ADS bibode 2010JIMO...38...58M

the temperate maritime limate of the British Isles, ob-servers and former observers have ommented that oneof the main di�ulties has been a ontinual inrease inlight pollution aross most of the ountry, suh that fewpeople have the luxury of aess to a su�iently darksky near enough to their homes to make routine me-teor work viable, and even travelling some distane fromthe major onurbations often provides skies less suitablethan they were only a deade or so ago. In addition tothis deline, many of the Japan-based radio observersstopped providing their regular data to the Radio Me-teor Observation Bulletins (RMOBs; www.rmob.org) inlate 2004, whih to-date (late-2009) sadly has not beenresumed. This was unfortunate, sine it reintroduedsomething of a gap in overage over Far Eastern lon-gitudes. Thankfully, one long-standing Japanese radioobserver, Sadao Okamoto, did ontinue to submit hisresults to the RMOBs throughout 2005, so the data-gap was not total, but the tally of viable radio data wasonsiderably down on that in 2004. On a more posi-tive note, the video totals inreased signi�antly duringthe year's �nal quarter, when Italian observer EnrioStomeo began providing routine, detailed summariesfrom his automated meteor amera, alongside those ofthe late Steve Evans in England. Table 1 provides theyear's main totals.The ontributing observers involved are listed be-low. Abbreviations used in the list inlude `R' = radioobservations were provided, `Vi' = video, while `+ V'indiates visual data were submitted as well as anyother kind. Where no letter is appended, only visualresults were made by that person. Many of the on-tributed data arrived in the form of reports in pub-liations, inluding in the Amerian Meteor Soiety's(AMS's; www.amsmeteors.org) journal Meteor Trailskindly provided ourtesy of its editor Robert Lunsford,the Arbeitskreis Meteore's (AKM's; www.meteoros.de)journal Meteoros thoughtfully sent in by Ina Rendtel,and the RMOBs, regularly made available monthly byits editor, Chris Steyaert. Some observers' data fea-tured in more than one plae, and some sent in sepa-rate reports diretly or via a third person as well, withRainer Arlt, Valentin Grigore (the SARM-Romania re-ports) and Rihard Taibi partiularly helpful in for-warding useful results from other people. Observers whoreported eletronially sometimes used a pseudonym,and where no other name ould be established for suh



WGN, the Journal of the IMO 38:2 (2010) 59Table 1 � Visual, video and radio hours' totals, visual and video meteor numbers reorded (with a partial breakdown ofvisual types), per month. At most three main showers per month, plus the Antihelions, ANT, have been listed for thevisual breakdowns to onserve spae. Though the ANT were not reognised as suh in 2005, various near-elipti souresthat now form part of the ANT were, and these have been simply ombined here.Month Visual Video RadioHours QUA ANT Meteors Hours Meteors hoursJanuary 47.9 162 1 588 33 126 5485February 34.4 � 35 227 � � 4509Marh 11.1 � 12 83 � � 5711LYR ETAApril 34.8 82 0 2 233 7.5 22 5326May 93.7 � 275 93 844 0.04 2 5958JBOJune 74.9 9 86 609 � � 4031SDA CAP PERJuly 133.8 85 114 164 81 1440 3.1 14 4411August 441.8 99 142 6940 199 10523 5.5 44 4881AUR DAUSeptember 134.4 50 122 99 1266 � � 4036ORI STA NTAOtober 119.9 223 197 100 � 1398 51.8 192 6688LEONovember 96.8 107 120 116 � 1047 113.1 433 7712GEM URS COMDeember 55.1 618 14 3 � 1058 32 457 7986people, these have been given within quotation marks.In general, where an observer submitted data to morethan one plae, just one option has been seleted toindiate where those results may be found.�A� (UK), �aditir� (India), Enri Algeiras (Spain; R,RMOB), Rainer Arlt (Germany; AKM), Jure Ata-nakov (Slovenia; AMS), Pierre Bader (Germany;AKM), Tom Banks (Frane), Lukas Bolz (Germany;AKM), Mike Boshat (Nova Sotia, Canada; R,RMOB), Jay Braush (North Dakota, USA), Je�Brower (Colorado, USA & British Columbia, Can-ada; R, RMOB), Alessandro & Giuseppe Candolini(Italy; R, RMOB), Alexandru Conu (Romania;SARM-Romania), Tim Cooper (South Afria), MikeDale (Sotland), Al Degutis (Illinois, USA; AMS),Maurie de Meyere (Belgium; R, RMOB), GaspardDeWilde (Belgium; R, RMOB), Clive Down (Wales),Audrius Dubietis (Lithuania), David Entwistle (Eng-land; R, RMOB), Frank Enzlein (Germany; AKM),Steve Evans (England; Vi), Mike Feist (England),Stela Frenheva (Germany; AMS), Dave Gavine(Sotland), Valter Gennaro (Italy; R, RMOB), �Ge-o�� (England), Christoph Gerber (Germany; AKM),Ghent University (Belgium; R, RMOB), VinentGiovannone (New York, USA; AMS), George Gliba(West Virginia, USA; AMS), Bill Godley (Oklahoma,USA), Shelagh Godwin (Frane), Lew Gramer(Florida, USA; AMS), Robin Gray (Nevada, USA;AMS), �Gregger� (England), Valentin Grigore (Ro-mania; SARM-Romania), Matthias Growe (Germa-ny; AKM), Patrie Guérin (Frane; R, RMOB), Pe-ter Gural (California, USA; AMS), Steve Hansen(Massahusetts, USA; R, RMOB), Robert Hays (In-diana, USA; AMS), Alan Heath (England; R + V),

Thilina Heenatigala (Sri Lanka; AMS), Zoltan Hevesi(Hungary), Carl Johannink (Netherlands; AMS), EdJones (Arizona, USA; AMS), Javor Ka (Slovenia;AMS), Szabols Kiss (Hungary; R, RMOB), AndréKnöfel (Germany; AKM), Peter Knol (Netherlands;R, RMOB), Ralf Kushnik (Germany; AKM),�Lane� (England), Pete Lawrene (England),�Lawrie� (UK), Robin Leadbeater (England; Vi +V), Ian Lee (England), Robert Lunsford (Califor-nia, USA; AMS), Hartwig Lüthen (Germany; AKM),Tony Markham (England), Nik Martin (Sotland),Pierre Martin (Québe & Ontario, Canada; AMS),Paul Martshing (Iowa, USA; AMS), AlastairMBeath (England), Tom MEwan (Sotland), Nor-man MLeod III (Florida, USA; AMS), Cli� Mered-ith (England), Patrik Mergan (Belgium; R, RMOB),Russell Milton (Oregon, USA; AMS), Danut Mitrut(Romania; SARM-Romania), Sirko Molau (Germa-ny; AKM), Sven Näther (Germany; AKM), StanNelson (New Mexio, USA; R, RMOB), AdrianaNiolae (Romania; SARM-Romania), Diana Ogesu(Romania; SARM-Romania), Sadao Okamoto (Ja-pan; R, RMOB), Mike Otte (Illinois, USA; R,RMOB), TianJing Ouyang (Hubei Provine, China;R, RMOB), Mark Parrish (England), NiholasPayne-Roberts (England), Ian Ransom (England),Jürgen Rendtel (Arizona & California, USA, Ger-many & Tenerife; AKM), Petra Rendtel (Germany;AKM), G M Ross (Mihigan, USA; AMS), RobinSagell (England), Marel Shneider (Luxembourg;R, RMOB), Jonathan Shanklin (England),SKiYMET radar (Norway; R, RMOB), Andy Smith(England; R, RMOB), Mark Smith (England),George Spalding (England), Christopher Stephan(Oregon, USA; AMS), �Steve P� (England), David



60 WGN, the Journal of the IMO 38:2 (2010)Stine (Oklahoma, USA; AMS), Enrio Stomeo (Italy;Vi), Wesley Stone (Oregon, USA), Magda Streiher(South Afria), Dave Swan (England; R, RMOB),David Swann (Oklahoma & Texas, USA; AMS),Rihard Taibi (Maryland, USA; AMS), Diana Tampu(Romania; SARM-Romania), Cristina Tinta (Roma-nia; SARM-Romania), Istvan Teplizky (Hungary;R, RMOB), Robert Togni (Arizona, USA; AMS),Raul Truta (Romania; SARM-Romania), Yung Che-ih Tsao (Taiwan, China; R, RMOB), Simona Vadu-vesu (Ontario, Canada; SARM-Romania), MihelVandeputte (Belgium; AMS), Patrik Vanouplines(Belgium; R, RMOB), Felix Verbelen (Belgium; R,RMOB), Jan Verbert (Belgium), Mark Vints (Bel-gium), Roy Watson (Sotland), William Watson(New York, USA; AMS), Bob White (England; R),Roland Winkler (Germany; AKM), Chris Woodok(England), Robert Wright & son (England), KimYoumans (Alabama & Georgia, USA; AMS), BradYoung (Oklahoma, USA; AMS), Ilkka Yrjölä (Fin-land; R, RMOB), Mengling Zhang (China; AMS).Analyses of the results reeived were performed muhas previously. The visual ZHR omputation methodwas e�etively that given by Chapter 9 of Rendtel &Arlt (2008), though usually the alulations were arriedout using a �xed r -value per shower, typially that givenin the IMO's 2005 Meteor Shower Calendar (MBeath,
2004a). The raw radio observations were examined us-ing the method developed for the SPA radio-meteoranalyses, as detailed most reently in MBeath (2004b).The inreased amount of video data reeived during theyear led to the oasional need for a rate-analysis aswell. A rude approximation of the visual ZHR ompu-tation method was used, to generate an hourly video-rate per main shower for eah separate video system,orreting for LM, any �eld louds, and the radiantelevation. The atual numerial values so-generatedhave no real meaning, being often greatly in�ated be-ause of the ommonly very poor LMs ompared to vi-sual results, aside from other problems, but the relativestrength of the values generated an be used to indiatepotentially interesting times of higher or lower showerativity per system, useful for omparison with the re-sults olleted by other methods, primarily lose to amajor shower's peak.3 QuadrantidsThe Quadrantid peak was expeted around 12h20m UTon January 3 (MBeath, 2004a, p. 2), with a waningMoon throughout the seond half of the night, whenthe radiant an be best-seen. European visual and videoobservers were never going to ath the best from theshower if this timing proved orret, and poor north-ern winter weather over Europe and North Ameria didnothing to assist. Consequently, it was di�ult to use-fully assess the very limited results olleted by eithermethod, beyond noting that rates were at their bestovernight on January 3/4. Fortunately, a more usefulanalysis of the radio data was pratial. Figures 1 to
3 give a representative sample of the more ompletedatasets aross the Quadrantid peak.Most of the eleven radio datasets judged su�iently

Figure 1 � Raw hourly longer-duration (D ≥ 1s) TV ehoounts aross the 2005 Quadrantid maximum, in data ol-leted by Alessandro & Giuseppe Candolini, extrated fromRMOB 138, January 2005. The thiker, irregular line, keyedto the left-hand y-axis, shows the raw hourly eho ountvalues, while the thinner, daily-symmetrial, urve (keyedto the right-hand y-axis) gives the Quadrantid radiant ele-vation for their site. Longer-duration ehoes are ordinarilythought due to what would be visually brighter meteors.The Quadrantid maximum probably happened with the ra-diant at less favourable elevations for Europe on January 3,hene the `triple-peak' appearane of the ativity line.

Figure 2 � As Figure 1, but giving all-eho raw radio ountsfrom data olleted by Je� Brower. The Quadrantid peakwas perfetly-timed for radio observations in North Amer-ia, and its dominane is very lear here. The two sharp,minor peaks on January 5 were likely due to unidenti�edinterferene.

Figure 3 � As Figure 1, though now showing all-eho rawradio data olleted by Sadao Okamoto, here taken fromRMOB 139, February 2005. Even though Japan was ex-peted to fare worst for the Quadrantid maximum, the laterstages of the post-peak phase were very obvious. The zeroounts on January 5 were due to interferene problems.



WGN, the Journal of the IMO 38:2 (2010) 61omplete and aurate for use in examining the Quad-rantid maximum interval onurred that elevated ativ-ity near the main peak happened between 11h�16h UTon January 3. A weighted mean of those datasets giv-ing a peak somewhere between these times, yielded amaximum entred at ∼ 12h45m ± 1h UT on January 3,
λ⊙ ∼ 283 .◦18. While this was pleasingly lose to thepredition, it needs to be treated with aution in the ab-sene of signi�ant amounts of on�rming visual data.As in 2004, there was no sign of the seondary, mainlyradio, peak, found most reently in 2001, but possiblyagain in 2003 (MBeath, 2001, 2003, 2005b, 2007b).The atual strength of the radio peak, while very dif-�ult to judge, seemed probably omparable to otherQuadrantid returns when the visual ZHRs have beenfairly normal, inferring a likely typial peak rate too.4 February 20 daylight �reballAmong 63 �reballs (meteors of −3 mag and brighter)seen from the UK and nearby during the year, awayfrom the times of major shower maxima, probably themost spetaular was this one, seen widely aross Eng-land and Wales at 9h55m20s ± 10s UT on February 20.The preise timing was based on the start time for astrong, single-meteor, radio signature reorded by AndySmith, as ompared to estimates provided by the 31witnesses who reported to the Setion. The objet wasonservatively suggested as peaking in the magnituderange −12 to −18, and its olour generally suggested asblue-green. This magnitude range is almost ertainlyan under-estimate, as several witnesses had their atten-tion drawn to the �reball by its brilliane on what was agenerally bright, sunny morning over muh of England.Although no images were seured, an approximatetrajetory for it was established, based on 28 visualobservations, as shown in Figure 4. The trajetorytrended roughly south-east to north-west, apparently ata very shallow angle of ∼ 6◦ ± 3◦ from the horizontal,thus almost grazing the atmosphere. Its start may havebeen around 100 km altitude above western Dartmoornear Marytavy in Devon, some 7 km north-northeastof Tavistok (∼ 4 .◦1 ± 0 .◦1 W, ∼ 50 .◦6 ± 0 .◦1 N). Amajor fragmentation event ourred, breaking the mainbody into several piees quite late in its �ight, perhaps
15 km or so northwest of St David's Head in southwestWales (the northernmost of the three Welsh peninsulasthe more probable trak passed over or very lose to;
∼ 5 .◦4±0 .◦8 W, ∼ 51 .◦9±0 .◦1 N), at about 85±10 kmaltitude above St George's Channel. The end was atira 80±10 km altitude, roughly 40 km east-northeastof Wexford Harbour, County Wexford, Ireland, over thesea near 6◦ ± 0 .◦6 W, 52 .◦4± 0 .◦15 N. As the spread oftraks in the Figure suggests, this fragmentation point,and espeially the trajetory's visible end, were quitepoorly-onstrained. The altitude and general loationnotes here were based on the more probable trajetory,while the spread in geographi oordinates overed therange of the most likely traks. With a visible atmo-spheri path length of around 235 km and an estimatedmean total �ight duration of ∼ 5 ± 1 s, the implied

Figure 4 � A sketh map of part of the British Isles andthe seas nearby, showing the more probable projeted sur-fae trak for the February 20 daylight �reball (the thikestarrowed line). The thinner arrowed lines to either side ofthis show the possible outlying alternative traks. Witness'loations are indiated by the �lled irles, sometimes rep-resenting several di�erent observers too near one another toseparate at this sale.mean intra-atmospheri veloity, not allowing for deel-eration, was ∼ 47 ± 10 km/s.The shallow approah angle and unertainties in thetrajetory made estimating any potential meteorite fallzone nearly impossible. However, any surviving solidbodies following the entre-line of the trajetory, afterthe end of its visible �ight, might have splashed-downinto the North Atlanti north-west of a point roughlybetween the Rokall Rise and the island of Barra inthe Outer Hebrides o� western Sotland, out as far asa landfall in western Ieland, or a sea-fall o�shore ofsouth-east Greenland, an enormous zone that was re-ally just a best-guess. Espeial thanks are due to AndréKnöfel of IMO's FiDAC for rapidly providing opies ofsightings of this event sent diretly to him, and also toSetion orrespondents John Lambert and Paul Suther-land for rounding-up several other sightings and for-warding media noties about this meteor.5 η-AquaridsMoonlight irumstanes were favourable for the
η-Aquarid maximum, due around 24h UT on May 5(MBeath, 2004a, pp. 4�5), and quite a healthy num-ber were seen, inluding the �rst two suh shower me-teors Steve Evans had been able to reord by video (asidenti�ed by the MetRe software). Table 2 gives aombined magnitude distribution for all the better-skyvisual η-Aquarid and May sporadi meteors reported tothe Setion. While the quantities of meteors in either



62 WGN, the Journal of the IMO 38:2 (2010)Table 2 � Global magnitude distributions for the 2005 η-Aquarids and May sporadis seen under better sky onditions(loud over < 20%, LM = +5.5 or better), inluding mean LMs and orreted mean magnitudes. Data were olletedbetween May 5 and 8.Shower ≤ −3 −2 −1 0 +1 +2 +3 +4 ≥ +5 Total LM m6.5ETA 0 2.5 5.5 14 18.5 39 73.5 60.5 29.5 243 +5.79 +3.59SPO 0 0 1 0 8 10.5 21 14.5 2 57 +5.79 +3.50ategory were not large enough for real ertainty, espe-ially in the ase of the sporadis, this information sug-gested the η-Aquarids were fainter than normal in 2005.ZHRs were omputed for the shower using an assumed r
= 2.4, whih onsequently ould have under-estimatedthe real rates. However, the mean ZHRs derived fromaround 02h UT on the mornings of May 5, 6 and 8respetively were 108 ± 11, 87 ± 8 and 85 ± 14, withsigni�antly lower rates found on May 4 (∼ 15 ± 8 at
09h UT) and later on May 8 (∼ 40 ± 12 at 08h UT).Following from Dubietis (2003), it had been antiipatedthat the shower's suggested ylial ZHRs might havepeaked around 50 to 60 in 2005, so these values seemedunexpetedly strong. The highest η-Aquarid rates tendto average ∼85, for instane. If the May 5 rates werethe strongest the shower produed this year, that wouldalso have meant the maximum falling almost 24 hoursearlier than expeted.However, this strength and type of ativity was notwell-supported by the radio results, where most datasetssuggested fairly similar eho-ounts on eah of the �rstten days of May or so. Oasional stronger maximawere seen in a few datasets, but these were not gener-ally on�rmed by the majority of viable observations.A areful examination instead found a general, small,peak in radio meteor ehoes on both May 5 and 6, oin-ident with the η-Aquarid radiant's detetability, withrates rising on May 4, falling on May 7. There wasthus nothing to support either a strong, or an inreasedfaint meteor, omponent in the radio η-Aquarids. In-deed, the overall ativity in this part of May seemedquite typial of that found in previous radio examina-tions (MBeath, 2001b). Without more visual data, itis unlikely this apparent ontradition an be examinedfurther, unfortunately.6 PerseidsThis moonless shower maximum helped generate muhobserver interest and ativity, espeially during August,as Table 1 has already demonstrated. Preditions forvarious possible maximum timings, based on theoretialmeteoroid-trail examinations, were issued eletronially(see the summary in Rendtel, 2008). With the proposedpeak timings in MBeath (2004a, p. 9), these suggestedpotential maxima around 04h, 09h and 17h�19h30m UTon August 12, perhaps with the `tertiary' peak, not seensine 1999, reurring near 03h UT on August 13.The exellent observer response allowed equally goodtemporal overage during the shower, with every datebetween July 27 and August 18 reeiving at least one

Figure 5 � Perseid ZHRs during July�August 2005, alu-lated assuming r = 2.0.

Figure 6 � Perseid near-maximum ZHRs extrated fromFig. 5, between midday UT on August 10 and 0h on Aug. 15.datapoint, as Figure 5 shows. Initially, and into the pre-liminary reports in the SPA ENBs, Perseid ZHRs wereomputed muh as usual, using an assumed r = 2.6,but observers' omments, and then some early magni-tude distribution investigations began to suggest theshower meteors had been brighter than normal in 2005.One the bulk of the data was olleted, some time af-ter the preliminary reviews were published, loser in-vestigations of this faet were pratial. They showedthe Perseids had been onsistently somewhat brighterthan normal throughout the period above. Chekingthe data from individual nights when su�ient informa-tion was available, inluding August 11/12 and 12/13,showed no signi�ant di�erene to the overall mean.This suggested r = 2.0 was probably loser to the a-tual ativity in 2005, and the ZHRs were reomputedaordingly, something that Rendtel (2008) helpfully



WGN, the Journal of the IMO 38:2 (2010) 63Table 3 � Global magnitude distributions for the 2005 Perseids and July�August sporadis, seen under better sky onditions(loud over < 20%, LM = +5.5 or better), inluding mean LMs and orreted mean magnitudes. Data were olletedbetween July 27 and August 18.Shower ≤ −3 −2 −1 0 +1 +2 +3 +4 ≥ +5 Total LM m6.5PER 46.5 62.5 114 249.5 414 601.5 473.5 302 126.5 2390 +6.42 +1.96SPO 1 3 8 20 61.5 152.5 180.5 136.5 84 647 +6.41 +2.99on�rmed for the near-maximum period subsequently.Table 3 gives global magnitude distributions for the Per-seids and July�August sporadis.Given that the SPA results formed a subset of theIMO ones, it is hardly surprising the SPA peak appearedto be similarly broad, as Figure 6 illustrates. Three pos-sible sub-peaks were apparent on August 12/13, around
20h (ZHR ∼ 86±8; λ⊙ = 140 .◦12), 23h (ZHR ∼ 81±7;
λ⊙ = 140 .◦24) and 02h UT (ZHR ∼ 84 ± 6; λ⊙ =
140 .◦36), though the gap in results from about middayto ∼ 20h UT on August 12 meant these timings werenot de�nitive.Many of the radio results failed to show an espeiallylear Perseid maximum signature, with some systems�nding little di�erene in eho-ounts on August 11,
12 and 13. This was not wholly unusual, as other`normal' Perseid years have shown similarly-protratedgood ativity. The 2005 data were hindered further byinterferene problems. Careful examination of those re-ports apparently less-a�eted by suh di�ulties, sug-gested a Perseid maximum sometime between∼ 16h00mto 20h00m UT on August 12. The majority (9 of 11systems) favoured a peak entred at 18h00m ± 1h UT(λ⊙ ∼ 140 .◦04 ± 0 .◦04), inluding 5 of the 7 viable Eu-ropean, and all the surviving North Amerian and FarEastern, datasets. That this timing did not tally withany of either the IMO or SPA visual peaks, urges au-tion, but it is intriguing so many of the radio systems in-diated it, despite the di�erent observing irumstanesin the three main geographi areas. This would other-wise have given an indiation that this was the truepeak. The European radio results ontinued to im-ply good, though probably below-peak, Perseid ativitypersisted through till ∼ 01h ± 1h UT on August 13.7 September 25 to Otober 11 radiosurveyDisussions with various radio observers prompted asurvey of the radio results from late September to earlyOtober, to examine again those peaks around thistime of year found in the Forward Satter Meteor Year(FSMY) investigations previously (see MBeath,2001b).This was planned in advane of the unexpeted Oto-ber 5/6 bright-meteor outburst reorded by video, andthe Draonid return, whih were both examined as well.The Draonid event was disussed earlier (MBeath,
2007a). The original purpose of the survey was to tryto better establish whih of the minor radio peaks dur-ing this interval might be more likely due to the day-time Sextantids shower, as �rst disussed in MBeath(2005d). Although usually onsidered just to show a

single, moderately strong, peak around September 27(λ⊙ = 184 .◦3), reent observations have indiated theSextantid maximum may not be onsistent in strengthor timing. There have been suspiions that minor ra-dio maxima into the �rst ten days of Otober may havebeen due to additional Sextantid sub-maxima. Table 4gives a list of the main �ndings of the 2005 survey inomparison to the FSMY �ndings.The previously-identi�ed minor maxima were in gen-eral reovered about as expeted, within the kind ofvariability seen before (part of whih is due to the one-degree binning intervals), inluding for the `main' Sex-tantid peak, whih appears apable of falling sometimebetween roughly September 26�30 on oasion. Al-though this examination suggested several of the minorpeaks ould be due to this shower, making suh showeridenti�ations from radio results alone is not straight-forward, as a shower radiant within some tens of degreesof the expeted Sextantid one ould give a similar re-sponse. The λ⊙ = 188◦�189◦ minor maximum seemedmost likely due to the shower from the general patternseen in the radio reports related to the Sextantids' radi-ant elevation during the day, oddly even more onvin-ingly than the expeted main peak in late September.The apparently multiple nature of the peaks seen nearthis time in some years, and the relatively stronger onearound λ⊙ = 191◦, though not found in 2005, ould in-diate part of this spell represents a seond maximumperiod for the shower. Radar results would be neededto determine just what is happening in the daytime skyaround this time, however.8 Otober 5/6 video outburstBy-hane, the September-Otober radio survey periodovered this event too. As various reports indiated, e.g.Molau (2005), Jenniskens et al. (2005), an unexpetednumber of bright video meteors was reorded from aompat radiant in Drao around α = 162◦, δ = +79◦,with a suggested geoentri veloity of ∼ 45 km/s, be-tween ∼ 19h to ∼ 02h UT on Otober 5/6 (using one-hour ounting bins), with a peak between ∼ 19h to
∼ 21h UT. Curiously, visual observations made simul-taneously failed to detet anything unusual. Two verybright �reballs were reported to the SPA from the UKbetween 19h�02h UT that night. Both were seen bysingle witnesses only, and for neither ould a de�niteradiant be determined. One may have originated inthe northern irumpolar sky, but the other most likelyradiated from on or west of a line between Pises�Aries�Andromeda.



64 WGN, the Journal of the IMO 38:2 (2010)Table 4 � A omparison of the FSMY radio peaks loated in previous years between September 25 (in 2005, λ⊙ = 182
◦)to Otober 11 (λ⊙ = 198

◦), with those peaks deteted in this period of 2005. An indiation of whether a given peak mayhave been due to the Sextantids is also given. Peak strengths are desribed using a subjetive `weak, medium, strong' salebased on the numbers and geographi loations of the available radio systems that deteted the event, and the relativenumber of eho-ounts ompared to days nearby. For ease of omparison with the FSMY �ndings, data have been binnedin one-degree solar longitude periods, but the Sextantid possibilities were determined using the detailed one-hour data-binsof the original, individual reports, and assuming the Sextantid radiant, around α = 152
◦, δ = 00

◦ on September 27, wasdetetable between roughly 04
h to 16

h loal solar time daily.FSMY peak interval (sometimes ex-tended interval), λ⊙; relative strength 2005 radio peaks, λ⊙; relative strengths Peak due to Sextantids?
183

◦ (182◦�183◦); strong 184
◦; medium Probably

185
◦�187◦; weak, but strong at 186

◦ in
1999

186
◦; weak Possibly

190
◦�192◦ (189◦�195◦); medium at

191
◦, otherwise weak, up to 3 maximain some years 188

◦�189◦; medium
190

◦, 192
◦, 194

◦; weak 188
◦�189◦ very probably

190
◦, 194

◦ probably
192◦ possibly

195
◦ (195◦�196◦); usually weak, but upto strong if Draonids present 195

◦�197◦; weak [Draonid peak in 195
◦interval disounted here℄ 195

◦ probably
196◦�197◦ possibly

198
◦�199◦ (198◦�200◦); weak 198

◦; weak [End of surveyed period℄ Probably notA lose examination of the radio results for Oto-ber 5 found 75% of the viable datasets gave a marginalinrease in eho ounts that day as a whole, ompared todates on either side, but only 37% (3 of 8 datasets) reg-istered slight, signi�ant, di�erenes during the ∼ 19h�
21h UT window of the video maximum, those olletedby David Entwistle, Ghent University and Stan Nelson.There were indiations the event may have been dueto brighter meteors, and the ativity seemed strongestfrom roughly 18h�19h UT. It may have started as earlyas 17h UT, judging by the dataset from Ghent Univer-sity alone, and ontinued till ∼ 20h. The weighted meanpeak time from these three datasets was 18 .h7±1h UT,
λ⊙ = 192 .◦55±0 .◦04. It is important to stress how veryminor this event was in the radio data however, sinewithout the video reports identifying the key timing, theevent would almost ertainly have passed unnotied.A small peak in radio meteor ativity on Otober 5/6(λ⊙ ∼ 192◦) was �rst identi�ed as of potential interestin this journal more than a deade ago, from radio dataolleted by James W Riggs in California (MBeath,
1996). It was on�rmed in most years subsequently(MBeath, 1997, 1998a,b, 2000, 2001a,b, 2005,d). Asindiated above and in Setion 7, this minor λ⊙ = 192◦peak was reovered as expeted, and gave no lose o-inidene in timing to the video event. Thus there isno good reason to think the 2005 Otober 5/6 bright-meteor outburst was at all linked to this annual minorradio-meteor peak.In terms of other past possible ativity from this
2005 soure, in 2002, a small luster of three �reballs o-urred over the UK and near-Continent on Otober 4/5and 5/6 (MBeath, 2005). Of these, only one waswell-enough reported for an approximate atmospheritrajetory to be omputed, a −12/−15 mag event at
04h53m ± 1m UT on Otober 6. This had a generalnorth-northeast to south-southwest trak, whih mighthave implied a potential north-irumpolar origin. How-ever, it also had a very low estimated atmospheri ve-loity, V∞ likely of order < 20 km/s, and an apparently

shallow angle of desent of ∼ 15◦. It was extremely un-likely this meteor ame from the same Drao soure asthe 2005 event.As I indiated previously (MBeath, 2006), allingthis shower the `Otober Camelopardalids' was ratherunfortunate, as this name was already oined more than
35 years ago for what seemed likely a di�erent shower,ative in early Otober (Sekanina, 1973). Sekanina iden-ti�ed the original Otober Camelopardalids as pairedwith another radar stream present at the same time,the λ Draonids. In the Synopti Year study (Sekanina,
1976), only the latter ould be on�rmed, the OtoberCamelopardalids apparently being absorbed as part ofanother stream (ibid., pp. 303�304, regrettably withoutindiating whih; presumably the λ Draonids). Therewas one andidate stream in the Synopti Year listswhih gave a somewhat better math to the estimatedorbital details of the Jenniskens et al. (2005) `OtoberCamelopardalids', the M Camelopardalids, albeit thisstream's nodal passage (as with all the Sekanina data,for epoh 1950.0), was Otober 8.9. As Sekanina's pa-pers also showed, there are numerous other minor radarstreams with ative northern irumpolar radiants formuh of the year, a problem whih extends to previousvisual minor stream studies too, as Terentjeva (1966,
1968) demonstrated, although in neither of these latterpapers was there a lose math to the suggested pa-rameters of the 2005 Otober 5/6 event, nor among the�reball streams of (Terentjeva, 1989).9 TauridsAs David Asher had predited more than a deade pre-viously (Asher, 1994), the `swarm' of larger partileswithin the Taurid meteoroid stream produed enhanedativity again in Otober�November 2005, with numer-ous �reballs � see Dubietis & Arlt (2006) for the IMOoverview. It was lear from early in the event that un-usual numbers of �reballs were being reported night af-ter night, even by asual witnesses, whih prompted
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Figure 7 � Counts of individual �reball-lass meteors re-ported by meteor observers and asual witnesses per night inOtober-November 2005, as given by various soures submit-ted to the SPA Meteor Setion, and from the IMO's VMDB.The dot above the olumn for November 7 indiates a lu-nar impat �ash deteted by NASA observations, identi�edas due to a Taurid meteoroid strike on the Moon (Phillips,
2005).a series of rolling visual and radio analyses to be be-gun by the Setion to establish how the Taurids hadbehaved from late Otober well into November. Ul-timately, these analyses extended to over the periodfrom Otober 15 to November 30.Visually, the results unsurprisingly onurred gener-ally with the IMO �ndings, with enhaned Taurid ZHRsabove the usual ∼ 10 level from roughly Otober 29 toNovember 12, at best around Otober 31/November 1when ZHRs reahed ∼ 15�20 (the IMO peak rate wasidenti�ed at 15 ± 3 on November 1/2). There was anindiation in the magnitude reports that the STA mayhave been somewhat brighter overall, but this patternwas obsured by the fat around one-third of the Tauridmeteor total was made up from shower meteors whosebranh ould not be identi�ed, and whose mean magni-tude was almost idential to that of the STA.Similarly, no lear pattern ould be identi�ed fromjust the �reball observations, though the predominaneof Taurid or suspeted Taurid �reballs over those fromother soures an be inferred from many reports beingof slow or very slow meteors, where no other informationould be determined. The simple �reball-ourrenegraph in Figure 7 is suggestive too, with its three mainpeaks on Otober 30�31, November 5�6 and Novem-ber 9, during the protrated period of enhaned �re-ball ativity (assuming a `normal' �reball level is ∼ 0�
3 events per night) from Otober 27 to November 14.A seond `luster' of �reball sightings fell around theLeonid maximum later in November.The radio results gave a less lear signature dur-ing the Taurid enhanement than that found in 1998,when the radio results alerted analysts to the possibilityof unusual Taurid rates before that was notied in thevisual data (MBeath, 1999). The antiipated FSMYradio peaks were all reovered between Otober 27 andNovember 14, but the best-on�rmed peaks happenedon November 2, 3 and 7, that on November 3 not foundpreviously. These dates are interesting, onsidering thetiming of other identi�ed Taurid events in this period.

10 Radio Orionids & LeonidsDue to the extended analysis period prompted by theTaurid �reballs, both these badly moonlit shower max-ima were examined in the radio data too. Orionid a-tivity was most obvious from Otober 21�24, with anunusually lear maximum on Otober 21. Typially,past radio results have simply shown better ativitythat persisted for several days aross the expeted Ori-onid peak, so this appeared to be quite a lear on-�rmation that the 2005 predition was orret. Thismight suggest the strongly enhaned Orionid ativityobserved for several days in 2006 and 2007 (see Rend-tel, 2007 and Arlt, Rendtel & Bader, 2008 respetively),atually began during the moonlit 2005 return. MeanZHRs for Otober 20/21 and 21/22 in 2005 from SPAdata were ∼ 65 ± 10 and ∼ 55 ± 10, but these valuesshould be treated with onsiderable aution given thevery poor skies the observations were made under (LMaverages were just +4.5 and +4.6 on these two nights).Two Leonid maxima were predited, the nodal ross-ing time around 14h30m UT on November 17 (MBeath,
2004a, p. 12), and a partial intersetion with the 1167AD dust trail, predited by Jérémie Vaubaillon in theautumn of 2005, to be enountered lose to 01h10m UTon November 21 (Vaubaillon, 2005). Figure 7 illus-trated a minor peak in �reball ativity happened onNovember 19, perhaps running from November 17�19,but too few of those meteors ould be identi�ed withertainty to know if the Leonids alone were responsi-ble. The radio data however found two maxima, onNovember 18 and 20, the latter the better-on�rmedand generally stronger, but a signi�ant number of re-sults showed at least a modest enhanement in ativ-ity persisted through from November 17 to 22 inlu-sive. There seemed not to be a onsensus in the radiomaximum timings beyond this, with the better ountsoiniding mainly with the Leonid radiant's better ob-servability on any given date. Cheking near the twopredited peak timings found no evidene to supportthem having produed anything unusual, though giventhe nature of radio meteor data, this annot be onsid-ered wholly onlusive.11 ConlusionOverall, despite the number of stronger showers lost tothe Moon in 2005, the year an be onsidered exep-tionally suessful, as well as very busy from Augustonwards, partiularly thanks to the unpreedented runof �reball sightings arriving almost onstantly through-out late Otober and November. My grateful thanks goto all our ontributing observers and orrespondents formaking the ontinuane of these analyses here possible.Clear skies for all your future observations!ReferenesArlt R., Rendtel J., and Bader P. (2008). �The 2007Orionids from visual observations�. WGN, 36:3,55�60.Asher D. (1994). �Meteoroid swarms and the Taurid
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WGN, the Journal of the IMO 38:2 (2010) 67Preliminary resultsSearhing for meteor ELF /VLF signaturesJean-Louis Rault 1For more than two enturies, redible reports about various audible sounds appearing simultaneously withvisible meteors have been olleted. Knowing that the sound veloity is muh lower than the light veloity, itwas impossible to explain suh a phenomenon until some theories predited that an eletromagneti wave vetorould be the reason for suh simultaneous light and sound observations. Several optial/sound/radio reordingampaigns have been performed in the last deades but with no onlusive reports. The present study simplyaims to examine the low frequenies eletromagneti ativity during a meteor shower and to searh for anyinteresting orrelations with meteors deteted by VHF forward satter means. Preliminary results tend to showa signi�ant orrelation between ertain meteors and the time-orrelated orresponding ELF/VLF events.Presented at the International Meteor Conferene 2009, Pore£, Croatia, 2009 September 24�27Reeived 2009 September 231 IntrodutionAudible sounds heard at the same time as �reballs arein view have been reported for many years by hundredsof redible witnesses. As the speed of sound in ouratmosphere is around 340 meters per seond and �re-balls generally appear at altitudes of tens of kilome-ters, the sounds assoiated to the �reballs should bedelayed by several hundreds of seonds. To explainthese anomalous sounds appearing simultaneously withmeteors, Keay (1980) proposed that some ELF/VLF(extremely low frequeny/very low frequeny) eletro-magneti energy is radiated by the deaying meteor andthen transdued into audible sounds at the observer lo-ation. This ELF/VLF high speed vetor is supposedto explain the observed simultaneity of sound and me-teor light. A Global Eletrophoni Fireball Survey per-formed by Vinkovi¢ et al. (2002) suggests that the ele-trophoni meteors, as Keay named them, produe avery wide family of hissing, swishing, rustling, buzzing,whooshing or rakling sounds. Keay's theory statesthat trapping and twisting the earth magneti �eld linesin the turbulent wake of the largest meteors and then re-leasing them suddenly ould be the reason for produinghigh power ELF/VLF radiation in the 100 Hz to 10 kHzrange. Beeh and Foshini (1999) explained that Keay'stheory was only able to explain the long duration noisessuh as hisses and other high-pithed whistles, but notthe pops, tiks and other laps whih were often re-ported. They developed their own �spae harge model�theory whih states that some sharp shok waves o-urring in the meteor trail plasma ould indue somesudden eletrial �eld transients. Depending on theauthors, the magnitudes of the eletrophoni �reballsvary from magnitude −10 (Beeh et al., 1995) to −6.6(Beeh & Foshini, 1999). Prie and Blum (2000) statethat many weaker meteors an also radiate detetableELF/VLF eletromagneti energy (Drobnok, 2001 and2002). In fat, due to the extreme rareness of the phe-116, rue de la Valle 91360 Epinay sur Orge, FraneEmail: f6agr�orange.frIMO bibode WGN-382-rault-vlfNASA-ADS bibode 2010JIMO...38...67R

nomenon, instrumentally reorded eletrophoni meteordata are very sare. Keay (1994) for example presentsan observation by Watanabe et al. (1988) about onesingle oinidene between a partiular ELF radio spikeand a photographed �reball. Beeh et al. (1995), thanksto a VLF reeiver assoiated to a photometer, observedduring their Perseids 1993 ampaign a single VLF eventoupled with a magnitude −10 �reball. During the1999 Leonid return, Prie and Blum (2000) detetedan important inrease of the number of VLF spikes inthe 300 Hz frequeny range, but did not orrelate theobserved radio spikes to any partiular disrete mete-ors. Garaj et al. (1999) deteted during a 5.5 hoursreord session in Mongolia some oinident meteor light�ashes and VLF radio emissions, but no orrelated au-dible sounds. During the 2001 Leonids, Trautner et al.(2002) deteted an enhaned ativity in the ULF/ELFeletri �eld, but again no partiular meteors were asso-iated with any of the reorded ELF-ULF events. Morereently, Guha et al. (2009) argued they deteted somelong VLF meteor signatures in the 6 kHz range duringthe Geminids 2007 meteor shower, but they did not or-relate them with any disrete observed meteors. Due tothe lak of onvining detetions of eletrophoni me-teor VLF radiations, the Keay magneti �eld theoryand the Beeh et al. eletrial �eld transients theory stillhave to be on�rmed by more experimental data asso-iating light, sound and/or ELF/VLF radio wave sen-sors. The purpose of the present experiment, �Searhingfor meteor ELF/VLF signatures� is simply to verify, bymeans of statistial analysis of oinidenes between ra-dio and meteor events and by spetral analysis of theandidate VLF radio events, that some meteors enter-ing the Earth atmosphere are radiating some detetableELF/VLF eletromagneti energy.2 Experiment2.1 Experiment prinipleThe aim of this study is to reord in parallel as manyELF/VLF events and meteor detetions as possible, toompare any inident radio signals (in the 20 Hz�20



68 WGN, the Journal of the IMO 38:2 (2010)kHz range) with any ourrene of meteors in the ra-dio �eld of view of the observer, and to determine sta-tistially if the radio events are signi�antly orrelatedwith the inoming meteors. A signature analysis of eahradio event related to a partiular meteor is also per-formed in the frequeny and in the time domain, as anattempt to perform a kind of taxonomy study of themeteor radio signatures, if any. To detet as many me-teors as possible, the radio forward satter method wasseleted (Rault, 2007), rather than the optial obser-vation method. Compared to the visual/video meteorobservation method, the forward satter radio methodis o�ering more opportunities to detet faint and brightmeteors (up to several hundreds of radio ehoes fromsporadi meteors per hour), and is not subjet to dis-turbanes from the Sun and Moon light or from anymasking louds or fog. A radio meteor detetion systemis able to work 24 hours a day, exept for the few periodswhen an anomalous radio propagation phenomenon o-urs, suh as Es (apparition of a sporadi E layer ionizedloud) or in ase of tropospheri propagation. The ideabehind this is that by multiplying the number of meteordetetions, the hanes should be higher to identify in-teresting temporal orrelations between the meteor ar-rivals and the ELF/VLF events. It has to be noted thatthe data redution of suh reords is quite hallenging,beause the ELF/VLF spetrum is rowded with natu-ral and man-made signals. Eah oinidene between aradio and a meteor event has therefore to be proessedmanually. Many tehnial details are given in this publi-ation, the goal being to enourage others to investigatein this domain.3 Observational set-upAs is shown in Figure 1, the observational set-up ismainly made of:� a VHF reeption hain dediated to the forwardsatter detetion of meteor pings,� an ELF/VLF sensor,� a stereo digital reorder.

Figure 1 � Instrument on�guration.

The equipment is designed to be portable, self pow-ered and as light as possible. The reason is that it has tobe run in remote areas only, i.e. as far as possible fromany power lines, ities, or railways whih always radiatea lot of hum and various anthropi noises. The datarunhing set-up onsists of a laptop omputer �ttedwith a spetral analysis software whose purpose is toproess and to display simultaneously the data omingfrom the stereo hannels.Most of the laptop omputers are poor �eld audioreorders beause most of them radiate a lot of variousradio noises in the VLF to VHF domain. Furthermore,their embedded audio sound hipset does not generally�t the dynami and frequeny range required for theELF/VLF reords. This is the reason why a good qual-ity digital reorder has to be preferred.The data reorded in the �eld are stored on Com-pat Flash memories whose ontents an be easily trans-ferred to any omputer for further analysis. As is shownin Figure 2, the portable equipment is proteted by awatertight ontainer and powered by a 12 V ar battery.This portable reording system design is presently sub-jet to variations and permanent improvements. Theurrent on�guration (2009 June) onsists of:� a VHF antenna (50 MHz dipole or 4 elements Yagi143 MHz beam, depending on the forward sattertransmitter to be used),� an AOR AR5000A general overage reeiver (10kHz to 3 GHz, all modes) dediated to meteorping reeption, but also oasionally used to re-eive some time stamps from several VLF or shortwave time signal transmitters,� an ELF/VLF ylindrial antenna,� a home-brew ELF/VLF reeiver,� an M-Audio Mirotrak II digital reorder �ttedwith a exhangeable 8 Gb Compat Flash memoryard,� a 12 V/ 54 Ah ar battery giving a reording au-tonomy of more than 48 hours,

Figure 2 � Atual �eld installation.



WGN, the Journal of the IMO 38:2 (2010) 69� a 12 V/5 V DC/DC onverter used to enhanethe autonomy of the internal battery of the digitalreorder,� several anillaries suh as a 12 V LED light, a setof headphones, a bath of various ables, a laptopomputer to ontrol the reords in the �eld anda �survival toolkit� inluding various tools, spareparts and a 12 V DC soldering iron.The general overage AOR reeiver and the Miro-trak II digital reorder are ommerial equipment, soall the tehnial details an be found in the manufa-turer spei�ations available on the Internet. More de-tails about the ELF/VLF antenna and its assoiatedreeiver are given below, beause they where speiallydeveloped for the present experiment. The spei�ationrequirements for the ELF/VLF reeption hain were asfollows:� ut-o� frequeny as low as possible,� high dynami range,� low distortion,� light weight,� low ost,� low power onsumption.The frequeny response of the Mirotrak II reorder(20 Hz to 20 kHz ± 0.3 dB) and its dynami range(101 dB) at 48 kHz sample rate were used as metrisfor the development of the assoiated ELF/VLF an-tenna and reeiver. The ELF/VLF part of the radiospetrum orresponds to very long wavelengths, rang-ing from 15 kilometers to more than 15 000 kilometers.It means that the antenna dimensions look neessarilyvery small ompared to the wavelengths to be observed.Two types of aerials an be used in suh onditions, themagneti loops and the eletrially short whips, whihare respetively sensitive to the magneti and to theeletrial omponent of the inident RF eletromagneti�eld. An ELF/VLF magneti loop is heavy, bulky anddi�ult enough to build (many turns of opper haveto be wound on a very large and strong frame), so theeletrially short whip priniple was seleted for thisexperiment. It has to be noted that suh an �eletrial�eld� reeiver is sensitive to the eletrial omponent ofany inident eletromagneti wave, but also to any ele-trostati �eld variations. Suh a short whip presents avery high apaitive reatane in series with a very lowradiation resistane.The apaitane of suh an aerial is:
C =

24.2l

log
(

2l

0.001d

)

− 0.77353
(1)with C expressed in piofarads, l (the length of theaerial) in meters and d (the diameter of the aerial) inmillimeters. The radiation resistane an be negleted,as it is presenting a very low value whih is in the 10−7Ω

Figure 3 � Front end diagram of the ELF/VLF reeiver.range. The antenna built for this experiment is a onemeter long metalli ylinder with a diameter of 50 mm,whih gives a apaitane of about 29 pF. It onsistsof a retangular piee of wire mesh wrapped around aplasti foam ylinder. Suh vibrations dampening de-vie was preferred to the usual thin and rigid whip aerialfor two main reasons:� it is less sensitive to the mehanial vibrationsprovoked by the strong winds whih an be faedin the �eld,� the apaitane of suh a large diameter antennais higher than the one of a thin whip, improvingtherefore the low ut-o� frequeny of the reeptionhain.Suh a low series apaitane antenna implies theuse of a very high input impedane ampli�er. A FET/BJT (Field E�et Transistor/Bipolar Juntion Transis-tor) asade front end design was seleted, beause of

Figure 4 � Simulated bandwidth of the entire ELF/VLF re-eption hain (aerial, front end and swithable Butterworth�lters).
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Figure 5 � Diagram of the entire ELF/VLF reeiver.its intrinsi qualities, suh as high input impedane, lownoise, low distortion, and high dynami range. The de-tailed diagram of the front end stage of the reeiver isshown in Figure 3.The 2SK170 FET and BC550C BJT transistors wereseleted owing to their good performanes in the noise,dynami range, and distortion domains. The gate ofthe FET transistor is grounded thanks to a 100 MΩresistane made of ten 10 MΩ low noise metalli �lmresistors wired in series. This very high value resistaneis mandatory to keep the low ut-o� frequeny perfor-mane of the whole reeption hain as low as possible.The neon bulb is an attempt to protet the front-end against any high eletrostati disharges, but itse�etiveness is not 100% erti�ed. The 470 kΩ R14 re-sistor, whih is not mandatory, is used to protet thereeiver against any high level RF �elds whih ould bereeived from nearby or powerful broadast transmit-ters, if any. R14 an be removed if the reeiver is to beused in radioeletrially quiet plaes.The front end stage is followed by two seletable lowpass �lters. Eah of them onsists of a lassial 4th or-der Butterworth �lter presenting a theoretial roll-o�rate of 80 dB per deade (see Figure 4). The �rst �lteris a 4 kHz low pass �lter, the seond one is a 10 kHz�lter. The frequeny band-pass of the reeiver is shownby ontinuous lines in Figure 4 (output amplitude indeibels versus frequeny), depending on whih �lter� or no �lter � is seleted. The three dotted linesrepresent the orresponding phase shifts (in degrees).To obtain good �ltering performanes, it is importantto respet as muh as possible the values of the R and Components onstituting the Butterworth �lters. Thisan be ahieved by using series or parallel ombinationsof resistors hosen in the 1% tolerane family. Figure 5shows the diagram of the omplete ELF/VLF reeiver

whih is powered by two 9 V rehargeable batterieswired in series. Its onsumption with a 18 V powersupply is about 10 mA. Shielded ables must be usedto onnet the ELF/VLF and VHF reeivers outputs tothe digital reorder stereo inputs. The ELF/VLF an-tenna has to be kept away from the eletroni devies.A low apaitane oaxial able, whose length has to beas short as possible, must to be used to onnet it tothe reeiver input. The type of able used for ar radioantennas is preferred for the present experiment. Its lin-ear apaitane is about 37 pF/m, instead of 100 pF/mwhih is a typial value observed on most of the usual
50 Ω oaxial ables. The system must be grounded withthe help of a ground rod driven in a moistened soil. Itis reommended to install the digital reorder in a littletight metal box, beause its front panel display is likelyto radiate some unexpeted noises.3.1 Observation loationChoosing the right observation plae is a deliate task.Finding a good loation for the reeption of the VHFforward satter meteor pings is not di�ult. The on-straint is only to install the VHF aerial in a lear areawhih is free of any nearby obstale masking the skyand the horizon.On the other hand, the quality of the ELF/VLFdata is subjet to two main onditions:� avoiding the presene of any objets (tree, bush,ar, building, pole, et.) or people in the viinityof the antenna, beause they all deeply attenuatethe inoming signals,� loating the system as far as possible (i.e. somekilometers if possible) from any power lines orbuildings whih always radiate a huge amount ofhum, main harmonis, and various spikes.
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Figure 6 � Example of a meteor head eho displayed in thefrequeny domain.

Figure 7 � Example of the same meteor head eho in thetime domain.The seond ondition is more and more di�ult now-adays to meet in Europe. Eah andidate loation hasto be arefully heked before installing and running theentire system. Using a light portable station onsistingonly of a 50 m vertial whip, the ELF/VLF reeiverand the digital reorder �tted with a pair of headphonesallow to hek quikly if there are no bad surprises inthe seleted �eld, suh as a buried 220 V AC line, orsome noisy sheep eletri fenes (as it happens often,even in �desert� regions of Frane suh as the Aubraor Larza tablelands).3.2 Tentative taxonomy of the eventsignatures3.2.1 Event representationThe analysis of the signatures of the VHF meteor pings,of the ELF/VLF signals, and of their potential oini-dene is performed by looking at the event signatures inthe frequeny and in the time domain, and by listeningto them thanks to a stereo headset. For this purpose, afree Digital Audio Editor suh as Audaity1, or a morepowerful but more omplex Signal Analysis Toolkit suhas Spetrum Lab2 are perfetly suitable.1http://audaity.soureforge.net2http://freenet-homepage.de/dl4yhf/spetra1.html

Figure 8 � Example of a Tt (meteor turbulent trail) eho.
Figure 9 � Example of a HTt (head and turbulent trail)meteor eho represented in the frequeny domain.3.2.2 Meteor eho signaturesThe VHF pings are radio ehoes oming from a distanttransmitter illuminating the meteors (or more preisely,illuminating the ionized trails and/or the plasma sur-rounding the meteoroids themselves). The atual ehoradio frequeny (around 50 or 143 MHz) is translatedby the VHF reeiver into audio frequenies (20 Hz to20 kHz) whih an be easily pereived by the human earand proessed thanks to a ommon PC sound ard. Afrequeny analysis of the inoming meteor ehoes is themost suitable tool to study the meteor pings, beause itgives details on the speed of the meteor and/or its trail.For this study, the di�erent types of meteor ehoes havebeen lassi�ed as follows:� the H type (H for head eho, see Figures 6 and 7)� the T type (T for trail eho) inluding the twosublasses Tt and Ts, standing for turbulent traileho (see Figure 8) and smooth trail eho.In the two head eho examples above, the signalfrequeny of the eho dereases versus time, and this isdue to the Doppler e�et produed by the fast movingtarget (the plasma surrounding the meteoroid itself).Figure 8 represents a trail eho whih is frequenyspread beause of a heavy turbulene a�eting the ion-ized trail. The overall shape of the eho looks like aninverted U, and this is due to the fat that the trail ismoving at a speed of a few tens of meters per seond,thanks to the high altitude winds.A meteor head eho followed by its ionized trail ehois shown in Figure 9.3.2.3 ELF/VLF event signaturesThe 5 Hz to 24 kHz eletromagneti spetrum whihwe are looking at for this study is rowded with a lot ofvarious anthropi and natural noises. Some examplesof natural noises reorded during this study are shown



72 WGN, the Journal of the IMO 38:2 (2010)
Figure 10 � Example of diurnal slow-tailed sferi (time do-main).
Figure 11 � Example of whistler (frequeny domain).

Figure 12 � Burst of return strokes during a thunderbolt(time domain).in Figures 10 to 12. These most ommon natural noisesat the 40 to 50◦ North latitude loations are aused byseveral geophysial phenomena suh as:� sferis (distant lightning spikes propagating in theionosphere-Earth waveguide during the daylight)� tweeks (night sferis)� whistlers (sferis propagated from the oppositehemisphere along the Earth magneti �eld linesThe shape of the slow tail sferi (see Figure 11) isdue to a propagation phenomenon of the VLF broad-band spike within the Earth surfae/ionosphere waveg-uide. The upper frequenies in suh a waveguide travelaording to a TM (transverse magneti mode), and thelower frequenies (at the right of the �gure) travel at alower group speed aording to a QTEM (quasi trans-verse eletri magneti) propagation mode. The TMmode presents a low frequeny uto� and the wavespropagate with a higher veloity than with the TEMmode (Cummer, 1997; Delourt, 2003). The variousgroup veloities of the omponents of distant lightningspikes traveling in the magnetospheri plasma along theEarth magneti �eld lines explain again the shape of

Figure 13 � Perseids 2009 observation loations.a whistler. In Figure 12, the highest frequenies arereahing the observer before the lowest ones. The de-tails above about all these kind of ELF/VLF events aregiven just to show that many natural event signaturesare well known and quite easy to identify.4 ResultsA 143 MHz transmitter was preferred for this ampaigninstead of a 50 MHz one. The main reason for thishoie is that the power of the meteor ehoes dereaseswith the third power of the frequeny, and their du-ration as the square, allowing thus to only detet thelarger meteors. Furthermore, using a higher frequenysalpel provides more detailed ehoes, and muh betterhead ehoes than on lower frequenies.More than 20 hours of VLF and VHF radio observa-tions, i.e. about 20 GB of data have been reorded dur-ing the pre-Perseids 2009 (August 6 in Brittany) andthe Perseids 2009 (August 11 and 12 in Corréze). Tenhours and ten minutes of data reords have been are-fully analyzed, mainly during the �rst and seond burst(i.e. around 8 AM and 6 PM UTC) of the Perseids butnot during the third burst at 6 AM UTC on August 13,whih was not reorded). During these 610 minutes,500 meteors have been deteted thanks to the FrenhGraves military radar operating on 143 MHz (see Figure13).For these 500 meteors, 174 oinidenes were ob-served with ELF/VLF events, whih gives 35% of andi-date meteors radiating some very low frequeny eletro-magneti energy when entering the Earth's atmosphere.Great are has been taken for deiding if an ELF/VLFevent was related to a meteor or not:� the time between a VHF meteor detetion and apossibly related ELF/VLF event had to be lessthan 500 ms,� The signature of the assoiated ELF/VLF eventhad to be of unusual amplitude or shape om-pared to the well known ommon natural noisesignatures. The details about the di�erent sortsof meteor and ELF/VLF events are shown in Ta-bles 1 and 2.In Table 1, the meteor eho signatures are identi�edas follows: \ : head eho; \__ : head eho followed by



WGN, the Journal of the IMO 38:2 (2010) 73Table 1 � Meteor ehoes sorted by type.File \ \__ =\_ ---- ==== Mis. Total40 6 15 0 13 2 2 3842 4 14 0 9 7 3 3768b 8 12 0 10 3 5 3869b 131 37 0 21 5 28 22278 34 4 2 26 1 33 10079 4 1 1 2 2 5 1580 5 3 7 1 2 5 2381 10 2 2 2 5 6 27Total 202 88 12 84 27 87 500a trail eho; =\_ : head eho with a turbulent trail atthe beginning, followed by a smooth trail eho; ---- :smooth trail eho; ==== : turbulent trail eho.In Table 2, the ELF/VLF event signatures are las-si�ed as follows:ELF: extremely low frequeny signal,VLF: very low frequeny signal,Spikes: train of VLF spikes,Tweek: night time sferis.Some examples of remarkable oinidenes are shown inFigures 14 to 19.

Figure 14 � VLF spikes during a meteor head eho (fre-queny domain).

Figure 15 � Same VLF spikes but seen in the time domain.

Table 2 � ELF/VLF events sorted by type.File ELF VLF Spikes Tweek Mis. Total40 7 1 12 1 1 2242 7 3 11 0 3 2468b 2 0 11 2 7 2269b 9 5 24 0 11 4978 5 2 4 0 13 2479 1 0 6 0 2 980 1 0 6 0 4 1181 2 0 8 0 3 13Total 34 11 82 3 44 174All these examples were seleted beause they lookedrepresentative of interesting ELF/VLF meteor andi-dates, their low frequeny radio signatures being di�er-ent from the ommon natural noises. It is to be notedthat almost all of the deteted ELF/VLF meteor eventsourred during the deaying phase of the meteoroids,and not during the trail eho phase. This is tending toprove that the radio frequeny radiations, if any, ourmainly during the ablation phase of the meteors andare not generated by any persistent trail plasma phe-nomenon. No long duration ELF/VLF event signals atall were deteted during this study. All of them belongto the short duration/spike ategory, unlike some reentobservations (Guha et al., 2009) laiming long durationsignals in the 6 kHz band. Figure 14 shows a typi-al low frequeny burst aompanying the head ehoof a meteor. Figure 17 is an example of an unusuallylarge long-tailed spike (thirty four similar ELF spikeswere identi�ed during this study). Figure 19 shows aburst onsisting of some unommon saw tooth spikeswith a period of around 4 ms. Figure 20 is an exam-ple of a VHF re�etion on a loud-loud thunderboltionized olumn, whih has nothing to do with a realmeteor eho (Rault, 2005). Some thunder ativity wasloalized in northern Spain (see Figure 21) at the time

Figure 16 � ELF tweek assoiated to a VHF meteor ping.
Figure 17 � Time domain representation of a very large ELFspike assoiated with a meteor ping.
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Figure 18 � Burst VLF spikes assoiated with the beginningof a turbulent meteor trail.

Figure 19 � Time domain representation of the above VLFburst.several similar events were reorded. Suh a thunder-bolt event shows that the greatest are has to be takenwhen performing suh an event analysis. A good knowl-edge about the VHF eho signatures and the ELF/VLFevent shapes is mandatory for orretly identifying thepotential andidate samples.5 DisussionLooking for orrelations between meteors and ELF/VLFevents is a very demanding and a very time onsumingtask. The detetion of the interesting events annot beautomated, beause the ELF/VLF event signatures arenot known in advane. At the beginning of this work,a statistial approah was envisaged. Determining thestatistial rate of fortuitous oinidenes between themeteors and any of the low frequeny events and thenomparing it to the observed rate was thought to bea good indiation of any meteor radiated radio energy.One �le ontaining 100 meteor pings, 24 oinidenes atless than 500 ms and 2880 ELF/VLF radio events wastherefore used to ompute the statistial hanes forfortuitous oinidenes to appear. With the olleteddata, the hane for one VLF event to fortuitously ap-pear at less than 500 ms from a meteor ping was around42% for a one hour reord. Compared to the 24% ofobserved orrelations, this is learly not a onviningindiation of any meteor radio radiation. This is dueto the fat that all the ELF/VLF events were takeninto aount, and the huge number of events was pol-luting the �nal result. So another approah was �nallyused for this work, whih onsists in seleting only the

Figure 20 � Upper trae: VHF re�etion on a lightning.Lower trae: assoiated VLF return strokes.

Figure 21 � Thunder ativity (see ××× rosses in the north-ern Spain area) at 18:45 UTC of 2009 August 12.ELF/VLF events whose signatures are learly di�erentfrom the usual ones. These andidate meteor ELF/VLFsignatures are listed in Table 2. 174 ELF/VLF eventsfor 500 VHF meteor ehoes (i.e. about 35%) is a veryenouraging result.6 ConlusionsThe theories stating that some meteors an radiate lowfrequeny eletromagneti energy seem to be supportedby the present pratial study whih is based on hun-dreds of atual disrete observations of meteors andELF/VLF events. It is to be noted that the 35% of theobserved andidate orrelations seem to happen mostof the time during the beginning of the meteor radiore�etions. However, more data are still needed to on-�rm suh a onlusion. The next meteor showers (suhas the promising Leonids 2009) should be the next op-portunities to ollet more interesting orrelations.
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76 WGN, the Journal of the IMO 38:2 (2010)Results of the IMO Video Meteor Network � January 2010Sirko Molau 1 and Javor Ka 2The weather aross the IMO Video Network was poor in 2010 January. Still, 25 observers operated 39 amerason all nights. More than 6 000 meteors were reorded in more than 1 500 hours of observations. The desendingativity branh of the Quadrantids was well overed on 2010 January 3/4. High-resolution analysis of the videodata overing years from 1993 to 2010 is presented. An asymmetri ativity pro�le is disovered, with a steeperasending branh and a gradual desending branh. The FWHM of the Quadrantids from the long-term videodata is about 0 .◦7.Reeived 2010 Marh 111 IntrodutionFor a number of observers (inluding the authors) 2010January presented the worst weather onditions sinethe start of the amera network more than 10 years ago.Having a series of almost ompletely overast skies last-ing for seven weeks from late Deember to mid-Februaryis unpreedented. Some of our most ative observers inentral Europe olleted less than ten observing nights.Only our Amerian and two Italian observers obtainedmore than 20 nights in January.However, the nie thing about the IMO Networkis its large size. Even under suh poor onditions, weolleted more than 6 000 meteors within 1 500 hoursof e�etive observing time � the seond best Januaryresult ever (Table 1 and Figure 1). And the IMO Net-work ontinues to grow! We are partiularly delightedto welome two new observers this month. With MikeOtte, we have the third Amerian in our midst. Mike isobserving from a site near Pearl City in Illinois with aWate LCL-902K amera and di�erent C-mount lenses.Even farther south is Steve Kerr, observing from Glen-lee in Queensland, Australia. Steve is our �rst southernhemisphere observer sine 2003 whih makes his datapartiularly valuable. He operates a standard setupwith GSTAR-EX amera (whih is idential to theMintron) and a Computar 3.8-mm f/0.8 lens. The am-era Armefa from publi Arhenhold Observatory Ber-lin is now maintained by Ekehard Rothenberg.2 QuadrantidsWith respet to meteor showers, the Quadrantids arethe last highlight for northern hemisphere observers be-fore the spring minimum starts with a signi�antly re-dued meteor ativity. This year, the maximum was ex-peted for the early evening of January 3 (UT) togetherwith a waning gibbous Moon (Rendtel & Arlt, 2008),so the observing onditions were not perfet. Still, anumber of observers took advantage of the relativelygood weather onditions that night and reorded thedesending ativity branh. Figure 2 shows the num-ber of Quadrantids per half-hour interval averaged overseven ameras with mainly loud-free skies, and or-1Abenstalstr. 13b, 84072 Seysdorf, Germany.Email: sirko�molau.de2Na Ajdov hrib 24, 2310 Slovenska Bistria, Slovenia.Email: javor.ka�orion-drustvo.siIMO bibode WGN-382-molau-vidjanNASA-ADS bibode 2010JIMO...38...76M

Figure 1 � Monthly summary for the e�etive observing time(solid blak line), number of meteors (dashed gray line) andnumber of ameras ative (bars) in 2010 January.

Figure 2 � Relative Quadrantid ativity on 2010 January3/4.reted for the radiant altitude. There is an ativity dipbetween 01h00m and 01h30m UT on January 4, and af-ter 02h30m the rates derease signi�antly.The Quadrantids are well known for their extremelyshort ativity period. Just one day away from the maxi-mum, their ativity has pratially vanished. A detailedpro�le of the maximum was not obtained from videodata so far, beause at an interval length of two degreesas in the previous analyses, the maximum �lls just one
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Figure 3 � High-resolution long-term ativity pro�le of the Quadrantids from video observations between 1993 and 2010(bars). The line represents the long-term average from visual observations.bin. Similar to the Otober Camelopardalids (Molau &Ka, 2009), we now reated a high resolution ativitypro�le with non-overlapping bins of 0 .◦1 length in So-lar longitude from all IMO Network data between 1993and 2010. The data set ontains a total of 3 800 Quad-rantids. The result is given in Figure 3. Interestingly,the pro�le is not symmetri � the asending branh issteeper than the desending branh. The full width athalf maximum (FWHM) is 0 .◦7. For omparison: TheFWHM of the Otober Camelopardalids was about 0 .◦2(Molau & Ka, 2009). Half maximum ours at roughly
λ⊙ = 282 .◦8 (asending branh) and λ⊙ = 283 .◦5 (de-sending branh). The enter value of λ⊙ = 283 .◦15mathes perfetly to the ativity maximum given in theIMO handbook (λ⊙ = 283 .◦16; Rendtel & Arlt, 2008)and to the values obtained from visual observations in2008 (λ⊙ = 283 .◦3; International Meteor Organization,2008) and 2009 (λ⊙ = 283 .◦2; International Meteor Or-ganization, 2009). Due to the asymmetri shape, thehighest video rate ours slightly earlier at 283 .◦0 Solarlongitude. For omparison, the high resolution visualpro�le printed in the IMO handbook is plotted as a linein Figure 3. That pro�le is asymmetri too, but shiftedby +0 .◦1 in Solar longitude.

ReferenesInternational Meteor Organization (2008). �Quad-rantids 2008: visual data quiklook�.http://www.imo.net/live/quadrantids2008.International Meteor Organization (2009). �Quad-rantids 2009: visual data quiklook�.http://www.imo.net/live/quadrantids2009.Molau S. and Ka J. (2009). �Results of the IMO VideoMeteor Network � Otober 2009�. WGN, Journalof the IMO, 37:6, 188�190.Rendtel J. and Arlt R. (2008). Handbook for meteor ob-servers. International Meteor Organization, Pots-dam.Handling Editor: Javor Ka
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Table 1 � Observers ontributing to 2010 January data of the IMO Video Meteor Network.Code Name Plae Camera FOV LM Nights Time (h) MeteorsBENOR Benitez-S. Las Palmas TIMES4 (1.4/50) ⊘ 20
◦ 3 mag 7 22.6 67TIMES5 (0.95/50) ⊘ 10
◦ 3 mag 6 7.0 13BRIBE Brinkmann Herne HERMINE (0.8/6) ⊘ 55◦ 3 mag 9 18.7 58CASFL Castellani Monte Baldo BMH1 (0.8/6) ⊘ 55
◦ 3 mag 22 89.5 279BMH2 (0.8/6) ⊘ 55
◦ 3 mag 18 88.9 270CRIST Crivello Valbrevenna C3P8 (0.8/3.8) ⊘ 80◦ 3 mag 20 96.1 367STG38 (0.8/3.8) ⊘ 80
◦ 3 mag 14 51.7 135ELTMA Eltri Venezia MET38 (0.8/3.8) ⊘ 80
◦ 3 mag 5 21.2 81GONRU Gonalves Tomar TEMPLAR1 (0.8/6) ⊘ 55◦ 3 mag 10 63.1 305TEMPLAR2 (0.8/6) ⊘ 55
◦ 3 mag 12 53.7 193GOVMI Govedi£ Sredi²£e ORION2 (0.8/8) ⊘ 42
◦ 4 mag 9 34.1 162ob DraviHERCA Hergenrother Tuson SALSA (1.2/4) ⊘ 80
◦ 3 mag 9 31.4 83SALSA2 (1.2/4) ⊘ 80
◦ 3 mag 22 82.2 232HINWO Hinz Brannenburg AKM2 (0.85/25) ⊘ 32
◦ 6 mag 1 7.8 20IGAAN Igaz Budapest HUBAJ (0.8/3.8) ⊘ 80
◦ 3 mag 8 21.2 103JOBKL Jobse Oostkapelle BETSY2 (1.2/85) ⊘ 25
◦ 7 mag 8 48.5 270KACJA Ka Kostanjeve METKA (0.8/8) ⊘ 42
◦ 4 mag 5 16.4 47Ljubljana ORION1 (0.8/8) ⊘ 42
◦ 4 mag 3 9.8 48Kamnik REZIKA (0.8/6) ⊘ 55
◦ 3 mag 2 7.4 92STEFKA (0.8/3.8) ⊘ 80
◦ 3 mag 5 20.8 92KERST Kerr Glenlee GOCAM1 (0.8/3.8) ⊘ 80◦ 3 mag 8 47.9 353KOSDE Koshny Noord- LIC1 (1.4/50) ⊘ 60
◦ 6 mag 11 29.6 173wijkerhout TEC1 (1.4/12) ⊘ 30
◦ 4 mag 7 7.7 21LUNRO Lunsford Chula Vista BOCAM (1.4/50) ⊘ 60◦ 6 mag 20 139.2 664MOLSI Molau Seysdorf AVIS2 (1.4/50) ⊘ 60
◦ 6 mag 1 5.3 38MINCAM1 (0.8/8) ⊘ 42
◦ 4 mag 9 22.3 103Ketzür REMO1 (0.8/3.8) ⊘ 80◦ 3 mag 8 14.1 49OCHPA Ohner Albiano ALBIANO (1.2/4.5) ⊘ 68
◦ 3 mag 15 89.8 327OTTMI Otte Pearl City ORIE1 (1.4/16) ⊘ 20
◦ 4 mag 18 85.8 285ROTEC Rothenberg Berlin ARMEFA (0.8/6) ⊘ 55◦ 3 mag 8 15.2 34SCHHA Shremmer Niederkrühten DORAEMON (0.8/3.8) ⊘ 80
◦ 3 mag 9 15.7 57SLAST Slave Ljubljana KAYAK1 (1.8/28) ⊘ 50
◦ 4 mag 1 9.4 40STOEN Stomeo Sorze MIN38 (0.8/3.8) ⊘ 80◦ 3 mag 12 77.3 359SCO38 (0.8/3.8) ⊘ 80
◦ 3 mag 11 88.8 481STRJO Strunk Herford MINCAM2 (0.8/6) ⊘ 55
◦ 3 mag 4 5.4 20MINCAM3 (0.8/8) ⊘ 42◦ 4 mag 3 7.6 23MINCAM5 (0.8/6) ⊘ 55
◦ 3 mag 1 10.6 33TEPIS Teplizky Budapest HUMOB (0.8/3.8) ⊘ 80
◦ 3 mag 2 7.9 23YRJIL Yrjölä Kuusankoski FINEXCAM (0.8/6) ⊘ 55◦ 3 mag 15 77.8 256Overall 31 1 549.5 6 256



WGN, the Journal of the IMO 38:2 (2010) 79Results of the IMO Video Meteor Network � February 2010Sirko Molau 1 and Javor Ka 2The 2010 February results of the IMO Video Meteor Network are presented. All nights were overed byobservations from 38 ameras operated by 23 video observers. Less than 1 300 hours of e�etive observing timewere olleted and about 4 400 meteors were reorded. The ativity of two minor showers of February, the
π-Hydrids and the β-Herulids, are presented.Reeived 2010 April 91 IntrodutionWith respet to the weather, February 2010 was anothermonth that we should forget soon. Whereas the south-ern Europeans still had aeptable onditions, the morenorthern observers were almost fully louded out. Onlyin the seond half of February did the weather slowlyimprove. In the end, we olleted less than 1 300 hoursof e�etive observing time � less than any other monthsine June 2008 (Table 1 and Figure 1). The total me-teor number was higher than in February 2009, though,beause the hourly average was 3.4 meteors (omparedto the long-term February average of 2.5 meteors perhour).2 Minor showers of February revisitedFebruary is a month with almost no meteor showers.The IMO video meteor data analysis from 2009 (Molau& Rendtel, 2009) revealed just two ative soures � the
π-Hydrids (101 PIH) between February 4 and 8, andthe newly disovered β-Herulids (418 BHE) betweenFebruary 11 and 15. We heked whether these showerswere present in this year's data as well by reomputingthe meteor shower assignment of all observations withan adapted meteor shower list. The Antihelion sourewas used for omparison. The results are presented inFigure2.A total of 39 π-Hydrids (76 ANT / 570 SPO) and 60
β-Herulids (152 ANT / 1025 SPO) were deteted � thenumber of ANT and SPO in the same ativity intervalare given in brakets. Both showers show the expetedpro�le with maxima on February 6 (PIH) and February12 (BHE), respetively. This agrees well with data fromthe analysis of Molau & Rendtel (2009). The Antihelionsoure, in omparison, shows an almost onstant ativ-ity in all of February. With respet to the plain meteornumbers, the Antihelion soure was slightly more ativethan the other two showers.1Abenstalstr. 13b, 84072 Seysdorf, Germany.Email: sirko�molau.de2Na Ajdov hrib 24, 2310 Slovenska Bistria, Slovenia.Email: javor.ka�orion-drustvo.siIMO bibode WGN-382-molau-vidfebNASA-ADS bibode 2010JIMO...38...79M

Figure 1 � Monthly summary for the e�etive observing time(solid blak line), number of meteors (dashed gray line) andnumber of ameras ative (bars) in 2010 February.

Figure 2 � The number of π-Hydrids, β-Herulids and An-tihelion meteors relative to the number of Sporadis in thesame night. The absolute number of sporadi meteors isshown in the bakground.ReferenesMolau S. and Rendtel J. (2009). �A omprehensive listof meteor showers obtained from 10 years of ob-servations with the IMO Video Meteor Network�.WGN, Journal of the IMO, 37:4, 98�121.Handling Editor: Javor Ka
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Table 1 � Observers ontributing to 2010 February data of the IMO Video Meteor Network.Code Name Plae Camera FOV LM Nights Time (h) MeteorsBRIBE Brinkmann Herne HERMINE (0.8/6) ⊘ 55◦ 3 mag 13 32.1 108CASFL Castellani Monte Baldo BMH1 (0.8/6) ⊘ 55
◦ 3 mag 16 64.2 182BMH2 (0.8/6) ⊘ 55
◦ 3 mag 14 64.9 191CRIST Crivello Valbrevenna C3P8 (0.8/3.8) ⊘ 80◦ 3 mag 14 55.3 193STG38 (0.8/3.8) ⊘ 80
◦ 3 mag 2 3.1 7ELTMA Eltri Venezia MET38 (0.8/3.8) ⊘ 80
◦ 3 mag 3 11.4 27GONRU Gonalves Tomar TEMPLAR1 (0.8/6) ⊘ 55◦ 3 mag 7 41.9 139TEMPLAR2 (0.8/6) ⊘ 55
◦ 3 mag 10 38.8 102GOVMI Govedi£ Sredi²£e ORION2 (0.8/8) ⊘ 42
◦ 4 mag 18 56.1 149ob DraviHERCA Hergenrother Tuson SALSA (1.2/4) ⊘ 80
◦ 3 mag 8 16.7 32SALSA2 (1.2/4) ⊘ 80
◦ 3 mag 22 100.6 241HINWO Hinz Brannenburg AKM2 (0.85/25) ⊘ 32◦ 6 mag 6 16.0 48IGAAN Igaz Budapest HUBAJ (0.8/3.8) ⊘ 80
◦ 3 mag 12 29.2 71JOBKL Jobse Oostkapelle BETSY2 (1.2/85) ⊘ 25
◦ 7 mag 6 52.4 329KACJA Ka Kostanjeve METKA (0.8/8) ⊘ 42
◦ 4 mag 2 1.4 10Ljubljana ORION1 (0.8/8) ⊘ 42
◦ 4 mag 4 4.6 12Kamnik REZIKA (0.8/6) ⊘ 55
◦ 3 mag 4 11.5 23STEFKA (0.8/3.8) ⊘ 80
◦ 3 mag 2 7.8 16KERST Kerr Glenlee GOCAM1 (0.8/3.8) ⊘ 80
◦ 3 mag 9 63.3 417KOSDE Koshny Noord- LIC1 (1.4/50) ⊘ 60
◦ 6 mag 14 51.8 288wijkerhout TEC1 (1.4/12) ⊘ 30
◦ 4 mag 9 12.7 37LUNRO Lunsford Chula Vista BOCAM (1.4/50) ⊘ 60◦ 6 mag 14 86.0 328MOLSI Molau Seysdorf AVIS2 (1.4/50) ⊘ 60
◦ 6 mag 6 9.1 37MINCAM1 (0.8/8) ⊘ 42
◦ 4 mag 9 23.0 81Ketzür REMO1 (0.8/3.8) ⊘ 80◦ 3 mag 10 19.5 41REMO2 (0.8/3.8) ⊘ 80
◦ 3 mag 8 14.2 32OCHPA Ohner Albiano ALBIANO (1.2/4.5) ⊘ 68
◦ 3 mag 14 72.1 214OTTMI Otte Pearl City ORIE1 (1.4/16) ⊘ 20◦ 4 mag 14 47.3 134ROTEC Rothenberg Berlin ARMEFA (0.8/6) ⊘ 55
◦ 3 mag 11 13.2 49SCHHA Shremmer Niederkrühten DORAEMON (0.8/3.8) ⊘ 80
◦ 3 mag 10 18.6 61STOEN Stomeo Sorze MIN38 (0.8/3.8) ⊘ 80◦ 3 mag 12 58.1 224NOA38 (0.8/3.8) ⊘ 80
◦ 3 mag 9 49.9 180SCO38 (0.8/3.8) ⊘ 80
◦ 3 mag 9 59.4 219STRJO Strunk Herford MINCAM2 (0.8/6) ⊘ 55◦ 3 mag 6 14.6 37MINCAM3 (0.8/8) ⊘ 42
◦ 4 mag 1 1.5 3MINCAM5 (0.8/6) ⊘ 55
◦ 3 mag 2 9.2 36TEPIS Teplizky Budapest HUMOB (0.8/3.8) ⊘ 80◦ 3 mag 4 24.0 67YRJIL Yrjölä Kuusankoski FINEXCAM (0.8/6) ⊘ 55
◦ 3 mag 7 26.7 58Overall 28 1 282.2 4 423



The International Meteor Organization
web site http://www.imo.net

CouncilPresident: Jürgen Rendtel,Eshenweg 16, D-14476 Marquardt, Germany.tel. +49 33208 50753e-mail: jrendtel�aip.deVie-President Cis Verbeek,Horststraat 89, B-2370 Arendonk, Belgium.e-mail: is.verbeek�sarlet.beSeretary-General: Robert Lunsford1828 Cobblereek Street, Chula Vista,CA 91913-3917, USA. tel. +1 619 585 9642e-mail: lunro.imo.usa�ox.netTreasurer: Mar Gyssens, Heerbaan 74,B-2530 Boehout, Belgium.e-mail: mar.gyssens�uhasselt.beBIC: GEBABEBBIBAN: BE30 0014 7327 5911Always state BIC and IBAN odes together!Chek international transfer harges with yourbank; you are responsible for paying these.Other Counil members:Rainer Arlt, Friedenstraÿe 5, D-14109 Berlin,Germany. e-mail: rarlt�aip.deGeert Barentsen, Armagh Observatory, College Hill,Armagh BT61 9DG, Northern Ireland, UK.e-mail: gba�arm.a.uk

Detlef Koshny, Zeestraat 46,NL-2211 XH Noordwijkerhout, Netherlands.e-mail: detlef.koshny�esa.intSirko Molau, Abenstalstraÿe 13b,D-84072 Seysdorf, Germany.e-mail: sirko�molau.de
Commission DirectorsFIreball DAta Center: André KnöfelAm Observatorium 2,D-15848 Lindenberg, Germany.e-mail: fida�imo.netPhotographi Commission: vaantRadio Commission: Jean-Louis RaultSoiété Astronomique de Frane,16, rue de la Vallée,91360 Epinay sur Orge, Frane.email: f6agr�orange.frTelesopi Commission: Malolm Currie25, Collett Way, Grove,Wantage, Oxfordshire OX12 0NT, UK.e-mail: mj�star.rl.a.ukVideo Commission: Sirko MolauVisual Commission: Rainer Arlt

WGNEditor-in-hief: Javor KaNa Ajdov hrib 24, SI-2310 Slovenska Bistria,Slovenia. e-mail: wgn�imo.net;inlude METEOR in the e-mail subjet lineEditorial board: �. Andrei¢, R. Arlt, D.J. Asher,J. Correira, M. Gyssens, H.V. Hendrix,C. Hergenrother, J. Rendtel, J.-L. Rault,
C. Trayner, M. Triglav-�ekada, C. Verbeek.Advisory board: M. Beeh, P. Brown, M. Currie,M. de Lignie, W.G. Elford, R.L. Hawkes,D.W. Hughes, J. Jones, C. Keay, G.W. Kronk,R.H. MNaught, P. Prave, G. Spalding,M. �imek, I. Williams.

IMO SalesAvailable from the Treasurer or the Eletroni Shop on the IMO Website ¿ $IMO membership, inluding subsription to WGN Vol. 38 (2010)Surfae mail 26 39Air Mail (outside Europe only) 49 73Bak issues of WGN on paperVols. 26 (1998) � 37 (2009) exept 30 (2002), per omplete volume 15 23Proeedings of the International Meteor Conferene on paper1990, 1991, 1993, 1995, 1996, 1999, 2000, 2002, 2003, per year 10 152005, 2006 15 23Proeedings of the Meteor Orbit Determination Workshop 2006 15 23Proeedings of the Radio Meteor Shool 2005 on paper 15 23Handbook for Meteor Observers 20 29Eletroni mediaMeteor Beliefs Projet CD-ROM 4 6DVD: WGN Vols. 6�30 & IMC 1991, 1993�96, 2001�04 45 69



Meteorite-dropping fireball in Slovakia

frame 4, t=0.6 s frame 5, t=0.8 s frame 6, t=1.0 s

frame 7, t=1.2 s frame 8, t=1.4 s frame 9, t=1.6 s

frame 10, t=1.8 s frame 11, t=2.0 s frame 12, t=2.4 s

frame 13, t=2.6 s frame 14, t=2.8 s frame 15, t=3.0 s

frame 16, t=3.2 s frame 17, t=3.4 s frame 18, t=3.6 s

On 2010 February 28 at 22h24m46s UT a bright bolide lit the skies over the Central Europe. Almost 4 kg

meteorites were recovered near Košice, Slovakia until end March 2010. The images show security camera

frames from near Budapest, Hungary. Courtesy of Krisztián Sárneczky and László Kiss.


