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Two fireballs captiired by Noel White on November 10, 1991, from Isham, Kettering, Northants., England (A = 520356 N ,  
p = 00708 W, h = 76 m). The photograph was exposed from 3h22m to 3h52m UT on HP5 400 ASA film with a 28 m m  
fl2.8 lens and a rotating shutter yielding 20 1:1 breaks per second. The film was developed during 6 minutes in Microphen 
at  20' C. Probably, the brighter fireball was a -4 to -5 Northern Taurid (28 segments on the negative) while the other 
one was a Southern Taurid (11 segments). 
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It  is wit,h deep regret, that, I record the sudden death a t  tjhe 
age of 60 of Dr Jan  Stohl, the President of IATJ Commission 
22,  t,he Commission of the  International Astronomical l’nion 
responsible for Meteors, on Sunday March 21, 1993. 
Jan  spent his last working day putting the final touches to tjhe 
book “Meteors and their parent Iiodies,” a volume based on the 
proceedings of the Smolenice Symposium last July. He spent 
the weekend with his family, and  for most of Sunday they were 
walking in the Iklali. Karpaty mountains. On returning t’o his 
home in  Pezinok, J a n  felt unwell and died of a heart attack 
shortiy therpafter. He leaves behind a widow, Rlarta. and t’wo 
sons. 

Jan was horn in Pezinok, on July 26, 1932, the youngest in 
a family of four boys and t,wo girls. After finishing his high 
school st,udies in Modra, he entered the Comenius University in 
Rrat,islava i n  1951 where lie studied mathematics and physics, 
transferring after the t,liird year to the Charles University in 
Prague where he read astronomy. 

In 1956 he obtained a post at, the Astjroriomical Inst,ituta of the Slovak Academy of Sciences in Rrat,islava, 
in the Division of Int,erpianetaiy Mat,t,er headed by ~ h o s  MresAk. In 1966, he obt,ainecl t,he equivalent, of a 
P1i.D. degree with a thesis entit>ied ”Diurnal and annual variations of sporadic met,eors.” From 1966 to 1968 he 

t,he the Nat,ionai Research Council of Canada  which allowed him to 

His first son was horn j i a  Canntia, h u t  Jzn t l ~ c i d e d  to retxrn to his nat,ive Slovakia to raise h im,  arriving in 
Czechoslovakia just, ~ , W Q  days brfore a iarge niirnl)er of troops from dhe East. He remained in Slovakia for the 
remainder of his career, ?:ccominlg head of i,!ic- Division of Interplanet,ary \Iat , ter  in 1981 and being appointed 
Direct’or of the Inst i tute  ii: Tatransk6 Lomnica in 1089. He had been a member of Commission 22 of the 
Internat,iond Astronomical IJnion since 19’7!l, htitig elected Vice-President of the Commission at, the General 
Assembly at Baltimore i n  1988 and President at Birenos Aires in  1991. \Tit11 t,lie forming of a new country, 
Slovakia, J a n  was elected Vicr-President, of i,he Slovak Academy of Sciences in 1992. This was a fitting tribute 
to both a great astronomer arrci a p:dr’ictii. Slovak. 

rai f ~ t . l l ~ ~ h i p  awarilc-d 
ha. !$lii!man i n  Oli#i,%%. 
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Though he is best known for his work on meteors, Jan  started liis scientific research in stellar astronomy, with 
his first papers being on variable stars. However, he soon “saw the light” and devotctl the remairitlcr of liis life 
to the study of small bodies i n  the solar system, mainly meteoroids and their generic relation to comets and 
asteroids. IIe was an active meteor ohserver (both visual and telrscopic). 

His first papers on meteors were devoted to the diiirnal and seasonal variations of sporadic meteors, the distri- 
bution of radiants, and to the prohlem of hyperliolic meteors. He suggested the existence of a broad “sporadic 
stream” associated with Comet P/Encke. and is also well known for his work on the Taurid meteor complex and 
i ts  origin. In the last years, he searched for a generic association between meteoroid streams and some Apollo 
asteroids. In all, J a n  pul)lisIied more than one hundred scientific papers and attended more than 30 international 
conferences. 

J an  was an  enthusiastic popularizer of astronomy and science. He delivered hundreds of lectures for the public, 
wrote two popular books on astronomy and many popular articles for the newspapers and journals, and was a 
strong supporter of close cooperation between amateur and professional astronomers. .Jan had also dreamt of 
organizing a Symposium i n  his homeland and this also came to fruition with the higlily successful conference held 
in Smolenice in 1992. Without Jan’s enthusiasm and drive, the conference would never have got off the ground, 
and without his charm, many of the minor tlifficulties encountered wonld never have been resolved so smoothly. 

Wi th  the passing of J a n ,  Astronomy has lost one of its true gentlemen-we shall a11 niiss him greatly 

From the Editm-in-Chief I 

Marc Gyssens 

Farst, I also wan t  t o  express m y  sorrow over the unexpected death of Jan ,$tohE. B z s  death 2s an zniiiiense loss for 
the m e t e o r  cominunz ty .  On behalf of t h e  IhlO, President  Jiirgen Rend te l  s en t  c o n d o l e n c e s  t o  M r s .  ,<fohlova. 

M e m b e r s  of ihe IMO should f i n d  e n c l o s e d  iazih fhzs zssiie a Votzng Bul le tzn f o r  the Coiinczl  electzons a n d  ihe 1994 
IMO Meteor Shower Calendar 2s enclosed. Fznally,  a l l  siibscrzbers iuzll recezve wfh this issue a text  on the  1993 
Persezds whzch t h e y  are f r ee  t o  u s e  t o  attract t he  at lentzon of the general  publzc and the local inedza 2 0  ihzs event .  

T h e  1 9 9 3  Persrzds are andecd t h e  bzg event  thzs s u m m e r ,  and everybody zs anxzoiis t o  k n o w  h o w  i h e  s h o w e r  wzll 
per form.  A s  thzs event  zs a u n z q u e  opportuni ty  f o r  the IhfO t o  gazn more vzszbiliiy. at zs very  zinporiant t ha t ,  
should a major outburst  occur, the Organzzntzon be notzfied as soon a s  posszble, preferably w h e n  I h e  eiient zs stzll 
gozng on! Instructzons for t h e  obserzung and f a s t  reporting of an oii lburst  are zncludt ,d  zn thzs issue a n d  repealed 
o n  the back cover. Y o u r  cooperaizon zs grently apprectatrd’ 

T h e  Persezds wzll no doiibl be a m a j o r  topzc of discusszon at the 1993  IhlC tn Pi izni~chel ,  whach 2s a l m o s t  fully 
booked. Do not hest late  t o  regzster nt once zf you did not  yet  d o  s o  and stt l l  wan t  t o  pnrtzczpate! 

Fznally,  thzs zssue as a g a z n  a tlrzck one ,  a s  you ran see. S o  m a n y  arfzcles  a n d  n o t e s  a r rwed  zn the  l a d  f e w  m o n t h s  
that  at as zmposszble t o  arconiniodate a l l  of t h e n 1  zn t h z s  zssiie. O f  course, we gave pr ior i t y  l o  articles related t o  
the Persezds; w e  apologzze t o  t h e  aiilhors whose nrtzcles have been delayed. W e  are hopefiil, hoii1ewr, that  the 
backlog wzll be elzinznaied zn the A u g u s t  zqsiie. T h e  large znfl i ix  of artzcles 2s a l i e o l t h y  sign f o r  o u r  Organizataon. 
There fore  w e  hope that  t h e  conizng nionths wzll proilzdc o w  m e m b e r s  a n d  subscrzbcrs m f h  p l en ly  of  opporlunatzes 
t o  observe a n d  report t he t r  f i nd ings  t o  our-yovr-Journal .  

The 1993 Edition of “Who is Who?” 
Paul RoggPma.ris 

The  next edition of “Who is 14’ho?” will he printed together with the next thick issiie of iVGN,  presumably the 
August issue. IJntil then, it will still he possilile to report changes concerning your entry. LIembers who failed 
to reply to the letter mailed with the Feliruary issue are urged to  iise the extra time to send i n  the required 
information to the Secrctary-General (address on inside back cover). 

If the Angiist issue will indeed be a th i ck  one, all information must lie received 1 ~ y  J i i ly  311 1993. 
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Letters to WGN 
compiled by Marc Gyssens 

Radio reflection d i i r a t i o n  and v i sua l  m a g n i t u d e  
The letter from George Z a y  publzshed an l a s t  year's December zssue (WGN 20 6 ,  p. 210), pozntzng  out  that easually 
brzght meteors do not always y i e l d  long radzo reflectzons and vace-versa, sizll contznves t o  trigger reactnons: 
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Figure 1 - Correlation between radio echo 
duration and visual magnitude. 

I do not understand how someone could say that correlating radio 
durations and visual magnitudes is a iiseless task. Of course, there 
is a close connection, but it is not so simple that one can estalilish a 
sharp cutoff duration such that all meteors with a longer-lasting echo 
are surely fireballs. I think, however, that  statistically, long-duration 
meteors are caused by bright visual meteors. 
Figure 1 shows that there is a significant correlation between long- 
duration radio meteors and bright visual meteors. Short radio echo 
durations are related to faint visnal meteors. For instance, no mete- 
ors fainter than magnitude $4, and only a few meteors of magnitude 
$2 and $ 3 ,  produce radio signals over 1 second. Furthermore, can 
someone tell me why there is an ohvious increase in long-duration ra- 
dio meteors coinciding with the increase in bright meteors during the 
Perseid, Geminid, and other meteor showers if there is no correlation 
between echo duration and visual magnitude? 
Moreover, radio meteors of very long tliiration are extremely infre- 
quent, just like visual fireballs. It is also easy to  explain certain 30+- 
second signals by meteors we do not see. No one can watch the entire 
sky, and I have caught signals from fireballs as far away as over Ger- 
many or Poland. During 1992, I observed 695 154 radio meteors by 
pen recorder, having covered 97.7% of the entire year. Among these 
were 122.5 signals of 30 seconds or more. I believe the 30-second limit 
on my equipment corresponds more or less to the limit for a visual 
fireball. The 1225 signals mentioned above represent 0.2% of all radio 
meteors recorded. In 1992, I also ohserved visually a total  of 243!16 
of effective observing time and saw 1229 meteors. Among these were 
10 fireballs of magnitude -4 or brighter, or 0.8%. Both percentages 
agree very well. I am of the opinion, therefore, that we can still make 
useful notes about long-duration meteors. 

Gotfred M ~ b j e r g  liristensen, May 2, 1993 
Comment by the Editor: Once agarn, n o h o d y  argiies the exzstence of a rorrelatzon between echo duration and 
zmual magnitude. The pozril t h a t  nerds t o  hr made zs t h a t  t h e  correlatzon 2s fazrly complex and that the szmple 
formula used earlzer zn certazn 1340 piiblzratzons 2s no t  generally applacable. 

Following on from the exaniination of radio meteor and visual rn;tgnitrid~ in the letter columns of WGN in recent 
issues, I shoiild like to hroaden the discussion to examine the practical use of the forward-scatter technique itself, 
since it has increasingly seemed to  me in recent times that  we are assuming a level of accuracy in the results 
produced which simply does not exist i n  practice. 
My recent researches have involved me in work concerning the possible correlation of noctilncent clouds, meteor 
shower activity, and Sporadic-E during the northern hemisphere summer, and T hope to  lie ahle to  publish some 
findings from this endeavor in WGN shortly. Of interest from that now, however, is the apparent problem 
encountered by a number of amateurs using short wave radios in estalili4iing whether the propagation mode 
used for transmitting a signal was Sporadic-E, meteor scatter, or Auroral-E, as while all are iisually treated as 
being separate and quite distinct in the literature, in terms of practical observing, this is often not the case. The 
problems created by Sporadic-E for radio amateurs trying to observe the dune daylight showers, for instance, 
have been commented OR in a niimher of places 
In his contribution to the 1994 I M O  Meteor Shower Calendar, .Jeroen Van Wassenhove indicated to  mp that 
he sees the Radio Commission as concentrating primarily on the major showers, since ohserving minor showers 
with the forward-scatter method is simply not reliable enough to get real data. Forward hcatter, for example, 
cannot derive important parameters such as the velocity and the radiant of the meteors, and is moreover heavily 
dependent on the type and orientation of the aerial and set employed, so much so that  a radiant zenith angle 
which would be highly favorable for visual observations may produce ahsolutely no trace of shower radio activity. 
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Jeroen has also very helpfully forwarded some data to me concerning my latest work. consisting of the mhole-year 
raw forward-scatter count graphs, made with a variety of equipment using different frequencies in different years. 
He made the comment that even when the equipment antl frequency remained the same, it was hest not to 
compare the graphs directly between years. The problem could be cleared up hy iiqing correction factors, such 
as commonly used to compute ZHRs visually, but since there are so many different variables involved with each 
individual radio set-up, this is unfortunately impractical. 
The above thoughts, plus discussion with a number of people, some of whom have been involved in the use of 
short wave radios for many years, have led me to wonder how viable forward-scatter observing actually is. I think 
i t  woidtl be a mistake for us to assume it will ever produce the kind of accuracy we are used to seeing with visual 
data ,  despite the possibilities of its use throughout the day with no problems from clouds or moonlight. There 
are in fact a great many more problems instead, due to the vagaries of the phenomenon inuolved, the radios and 
the aerials used, the occasional difficulty in separating one radio propagation mode from another, plus the fact 
that it is far from easy to compare results made by individual observers, even when using similar set-ups. 
Despite this, it does seem to me there is some value in obtaining forward-scatter results, since they do provide a 
guide to what occurs in terms of major meteoric events, and have provided essential confirmation of otherwise 
poorly-observed or unobserved unusually high shower peaks in the past, especially as radio amateurs (not meteor 
workers) rarely give informative details from their use of meteor scatter, other than who they contacted and when. 
In order t o  calibrate the results I M O  observers ohtain, of course, the same equipment must be uwcl regularly, 
and the da t a  scanned routinely. smallnewpar I have no wish to  dissuade the splendid efforts of all forward-scatter 
observers past and present, nor to belittle their work, but I do feel a more realistic approach to the technique 
as a whole would not go amiss. The recent discussion of the problems of deriving magnitudes from radio signal 
strengths is simply the first of what I think may be many such, unless we adopt a fresh att i tude to radio meteor 
observing. 

Alas inz r  M c B e n t h ,  Aprz l  30, 1993  

Changes in ionospherical radio emission caused by meteors 

I n  ihe prevaous Issue (WGN 21:2, pp. 69-71), Andrear, Beg, and KorlevzC reporled o n  a negn l zw  a t f e m p t  l o  
deterinzne changes tn aonospherzc rndzo emzsszon caused b y  me teors .  Followzng t h f  arlzcle was a c o m m e n t  by 
P e t e r  B r o w n  an whzch he suggested t h a t  !he evzdence presented by the authors  nizght n o t  be ronrliiszve. Be low  2s 
a c o m m e n t  o n  P e t e r  Brown’s s t a t e m e n t  b y  D r .  Colzii Keay .  

I feel it is necessary to comment on Peter Brown’s remarks following the paper “No evidence of change in 
ionospherical radio emission a t  1 25-10.6 kHz during antl after meteor flight.” Peter Brown stated that the 
mechanzsm iuhzch mzght l e a d  t o  VLF emasston zn me teors  2 9  no t  a t  a l l  undersiood-zt zs p o s s z b l e  t h a t  o n l y  a sma l l  
n u m h e r  of meteors  are znvolved. 
The mechanism that does lead to ELF/VLF emission from very large meteor fireballs has been known since 1980, 
when I first published the “magnetic spaghetti” model (inspired by Fred Hoyle’s theory of sunspots). Within 
two years it was supported by further calculations performed by Vitalij Rronshten, who showed that it could 
generate megawatts of radiated power. I did not push my explanation strongly until it was verified hy the first 
direct observational evidence of radio emissions obtained by Watanabe et al (puhlished in Japanese in 1988, but 
I did not know about it until I visited Japan in 1990). 
My explanation of the generation of the required radio energy relies on the presence of a turbiilent plasma, either 
in the fireball trail or in the ball of plasma resulting from an explosion of the meteoroid. J ly  1992 Meieorztzcs 
paper shows that for continuous radio emission ( u p  to several seconds) the fireball muqt be brighter than -9 
absolute magnitude, a value found empirically many decades ago by Astapovich. In the case of a short (under 1 
second) burst of radio energy generated by an exploding meteoroid (not dealt with in the Meieorztzcs paper) the 
peak magnitude may be less, perhaps as low as -6. The  example observed liy the Japanese was a magnitude -7 
Perseid firelmll, which produced a burst of radio energy lasting only 0.15 seconds 
The paper presented by Antlreic et al., and many other attempts to record radio signals from meteor fireballs, 
have simply not observed fireballs that  are bright enough to  generate the sought-after signals Peter Brown 
was perfectly correct in stating that only a small numb of meteors are involved. hlany months of continuous 
observation will be needed to gather a brief burst of radio noise from an exploding meteor of at least magnitude 
-6, and many years (or even decades) of observations will be necessary to record a radio signal lasting a second 
or so. We do not often have the luck  to witness fireballs brighter than -9 which reach low heights. 
Despite the odds, I hope attempts to record fireball electromagnetic signals will continue, and it woiild be even 
better to  have at the same time a tape-recording of the electrophonic sounds, but tha t  will require a suital~le 
transducer close to the tape-recorder microphone. Some plastic Christmas-tree matcrial that  produces a loud 
rustling sound is about as good as I can suggest a t  this time. There must be sometliing present to transduce the 
audio-frequency radio energy into audible sound energy. 

C‘olzn I i eay ,  Tinzzlerszty of Newcas t l e ,  .4prz/ 8, 1993  
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We also recezved a reactton f rom the authors of the paper  “No ewadence of change zn zonospherzcal radao emission 
at 1.25-10.6 k H z  durzng and after meteor jlzght” t o  Peler Brown’s comments zn iuhzch a d d i t i o n a l  znformatzon on 
the experzment 2s prouzded and certazn crztzczsrns are countered. 

T h e  project described i n  our article was proposed and conducted by Zeljko hndrei:, plasma physicist a t  the 
Ruder BoSkoviC Institute in  Zagreb. Every single component of the equipment was tested separately. After that ,  
the complete configuration was tested. Lucano Beg, engineer in the telecommiinications workshop, is very aware 
of the problems inherent to working at such low frequencies. 
We tested our antenna sensitivity (gain), both in  emission and receiving mode, a t  a frequency of 5 kHz. The 
instruments we used were a Marconi Radio Communication Test Set 2955 R ,  a standard universal instrument 
Matex 3650 CR, and instruments built for the occasion. The measurements resulted in the antenna diagram 
shown in our article. 
Our antenna was most sensitive to the regions in the sky corresponding to a 60’ cone centered at the zenith, a 
small one at 60’ zenith distance, and near the horizon. We were also quite aware that the strength of the signals 
from near the horizon would be lower because of the increased distance. 
I suppose that Peter Brown did not have the figures at hand when he wrote his comment (thzs was zndeed the case, 
Ed.) and that he was speaking about one theoretical antenna sensitivity diagram, while we were using another, 
which might have caused confusion to some readers. In  light of this, we strongly recommend that people involved 
in similar experiments measure the sensitivity for every szngle antenna they wish to use on the frequencies under 
consideration. 

Ii‘orado Korleiizc‘, Aprzl 14, 1993 

Fragmenting dusty meteoroids observed? 
Dr. Duncan S t e e l ,  of t h e  Anglo-Auslralaan ohswvatory, wonders whether certazn phenomena somelimes observed 
durang meteor walches can be altrzbuied t o  fragmenting d u s t y  meteorozds. 

Over the past few decades there has been some evidence accumulated, in particular from spacecraft dust impact 
sensors, for large meteoroids breaking apart into clouds of dust particles when the larger object was close to the 
Earth but well above the atmosphere (see, for example, [l] and [ a ] ) .  A similar phenomenon appears to have been 
witnessed by a meteor olxerver in the USA (John Gallagher [33), who has reported as follows: 

Diffuse luminous objects moving at  angu!ar velocities similar to those of meteors were observed during 
over 200 hours of rneteor watching in 1901 They fell in three broad categories: arcs, patches, antl 
“meteors” similar i n  appearance to  comet comas. Though I a t  first dismissed the possibility of their 
being related to  meteors, 1 reconsidered this relation after eliminating other possible causes such as 
reflections from aircraft lights and tricks of vision. Their meteor-like behavior suggested that perhaps 
these events might be caiised by clouds of exceedingly small meteoroids. visible only because of their 
numbers and compact grouping Because such a formation would be unlikely to be maintained long 
in space, it appeared necessary that the particles involved must have maintained some weak physical 
contact until just prior t o  becoming visible. Perhaps some type of “cosmic dust bunny,” disrupted by 
air resistance, might be the cause of these events. 

Have any I M Q  nieinbers witnessed similar things? If so, I would encourage all observational groups to maintain 
a look-out for such unnsrial meteors. 

[l] Singer S.F. and Stanley J .E. ,  in I A U  Symp. 911: Solid PartzcEes zn the Solar  Sys tem,  I Halliday and R.A.  
McIntosh, eds., Reidel, Dordrecht, 1080, €3. 329. 

[a ]  Fechtig H., in Comets ,  E. Wilkening, ed., CJniversity of Arizona Pre 
[3] Gallagher J.S., Thf  ,Strolling A s t r o n o m e ~  36, 1992, p. 115. 

Duncan S t e e l ,  Anglo-Aiislralzan Obsercatory, M a y  19, 1993 

A s  a mattcr o f  fact ,  Dr. S i f e l ’ s  note reached m e  at  approxznlately t h e  same time a s  a no te  from Mr. Zay who, 
also referrang to Gal lagher ,  dcscrzhes phenomena of i h e  k ind t h a t  DT. Steel i s  a s k i n g  for. 

I would like to hriiig attention to something I have seen on occasions during my meteor observing. I have been 
seeing for the past year antl a half what I have always referred to as “Dark Rroatl Fuzzy Objects.” After dircursing 
this with Peter Brown, I guess the proper terminology is “Dark Meteors ” So that is how 1 will refer to them from 
now on. During all of 1992, I have seen perhaps a dozen. They appeared to he very dark  ohjects of a roughly 
broad rectangular shape moving at a very fast velocity (on a 1-5 scale, a 5 )  I foiintl no real apparent pattern 
for the best time to see them. At first I thought they favored the spring months, I,ut I think this is not a real 
property. Tha t  dozen I have seen always seemed to occur on the edges of m y  vision going from left to  right or 
right to left. I have cliscussrtl this with Robert Liinsford and I personally concliidrtl that since I did not notice 
any going up or down, that they moqt Iikcly were an optical iIIii~ion. Possih1j tliie to fatigue or whatever? Robert 
informs me  of another meteor observer in New Jersey by the name of John (;allagher who has  been writing him 
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about these things. Mr. Gallagher thinks they are “mini-comets” or chunks of ice based on an idea by  Dr.  L.A. 
Frank. I do not know if 1 agree with this idea. I a m  still trying to determine if what I have ‘(seen” is real or 
not. I wrote Gallagher and informed him that my opinion of these “dark meteors” was that I believed them to 
be optical illusions. This  was abollt five months ago, I have seen a couple more since then and pawed them all 
off as illusions. 
But then on the  mornings of hfarch 22 and March 23 ,  I saw three directly in my field of vision while feeling very 
refreshed and alert. I have no doubt that I saw something. T h e  question is which side of my eyeballs did they 
originate from? W h a t  I did see is as follows: the first event occurred a t  10h19” ITT (2h19m a . m .  local time) on 
March 22, 1993. T h e  limiting magnitude was near 5.7. It moved with the fastest velocity I have seen for meteors 
and it was extremely dark and very broad. Its dimensions were roughly rectangular. If I stretched my a r m  out 
full length, it  would seem to be about the size of my tliumhnail. Then later a t  l l h19”  U T  I saw my second event. 
I t  too was in my full vision and again I felt clear-headed and  alert. I t  had the same characteristics as the first 
bu t  was slightly smaller. The  following night, things got more disturbing. At 8h55m l i T ,  I saw another very dark 
object traveling at an  apparent slower velocity. On a 1-5 scale, it  was a 4 .  The  odd thing about this one was that 
it had a rope-like shape and was moving in a direction perpendicular to the “rope.” SVitli my a rm outstretched, 
it wonld be about  as long as two thirds the length of my standard-sized pointer finger. All three objects had to 
be as dark or darker than magnitude 5.8. No trail of any kind was noticed. Wha t  appears to make them visible 
is not how “bright” they were, bu t  rather how dark they seemed in reference to  the hackground sky. They  seem 
to  momentarily blot oiit the background sky glow. I a m  pretty certain tha t  they were not owls or hats,  although 
I have frequently seen both. All three events traversed a distance shorter than the length of Bootes with one 
object making a pa th  sliglitly longer than the longest dimension of Corona Borealis. I have seen them begin and 
I have seen them end. I also had my radio on for meteor reflections (92.9 M H z )  and the antenna was aligned in  
the general direction of where I had seen these “dark meteors.” No sound was heard directly or over the  radio. 
I was able to plot all 3 events. The  coordinates are i n  Table 1. 

Table 1 - Trajectories of dark meteors. 

I I Begin End I Nr.  I 
I I I I I 1 

1Sh58”’ $27’ 17h08m + 2 5 ! 5  
15h36m +34?5 15h45m $25’ 
15h58m +47’ 14h20m +46’ 

Then on one of those two mornings (I  forgot which now. I thought I wrote it down in my notes, but apparently I 
did not.) I saw a broad-shaped meteor of third magnitude and very fast velocity I t  seemed to have a thnmbnail- 
size look to it with an  outstretched arm also. It seemed similar to the broad “dark meteors.” The  only difference 
was tha t  it produced light. This meteor appeared very, very fragile. I t  kind of gave m e  the impression tha t  
it could be a “fuzz-ball” under my children’s bed w i t h  respect to its delicate appearance. T h e  whole structure 
briefly sparkled in several places as it zipped by. 
The  most disturbing thing about these “dark meteors” is that  I do not have any co-observers to confirm what I 
see. I frequently view with Robert Lunsford, but we usually look in slightly different directions. SYhenever I do 
see one, it seems tha t  Robert is looking somewhere else or has just rubbed his eyes or something for a moment.  
T h a t  par t  is frustrating, as Robert has excellent eyesight. In fact I feel that  he has two fish-eye lenses for eyeballs 
and I would very much like for him to see one of these when I do. I feel confident that  I did see something unusual 
in hfarch, bu t  I a m  not confident enough to say that they were not some kind of optical illusion. I t  would be 
very reassuring to hear about others having similar sightings. 

George J .  Zny, .?fay 8, 1993 
On dociimentiiig our photographs 
We recezzied the folloiuang zntereslzng siiggfstzon f r o m  n senzor member, Mr. Noel T/t’/iite. We iui l l  f r y  l o  ncconi- 
modnte hzs suggeslzons zn ihe future. Obserafrs sendzng iis d n i n  are fherefore k z n d l y  n s k e d  t o  supply  71s wzth n l l  
relevnni data. 
I would like to make the suggestion that the scientific value of photographs of meteors and fireballs for inclusion 
in W G N  would increase if all po.;sihle data were included. It would also, I feel, assist other meteor photographers 
t o  assess their own work and perhaps to improve their techniques. The  following details would be helpful: start  
and end of the exposure, date and time of the meteor (if known), “F” number and focal length of the lens, film 
type, speed, and  processing, for the rotating shutter,  breaks per second and open-tn-closed ratio,  a description 
of the object, if identified. and the number of breaks on the negative, and the  location of the camera I)y town 
and country, as well as by latitude a n d  longitude. 

IYoel Ij’hzte, Miirch 17, 1999 
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The 1993 M 0 International eteor Conference 
Puimichel, France, September 23-26 
Paul Roggemnns 

1. Update 
So far, over 50 people from Belgium, Bulgaria, Croatia, the Czech Republic, France, Germany, Hungary, Italy, 
Ireland, the Netherlands, Portugal, Rumania, Russia, Slovakia, Slovenia, Spain, Tadjikistan, and the IJnited 
Kingdom have made arrangements to participate in the Conference. 
We still have some places available, so we invite you to consider participating if you have not yet registered. 
Therefore, you can use the registration form printed in the February issue of CYGN. 
Because we had to arrange for additional more expensive accommodation, the registration fee for people having 
registered or registering after htarch 31 had to be raised to  850 FRF. Of this sum, 100 DEJI (which is 350 FRF) 
must be pre-paid as a reservation fee. The form should be sent to Paul Roggemans, the money to our Treasurer, 
Ina Rendtel (all addresses on inside back cover). If you have difficulties with international currency transfers, 
please ask for special arrangements. 
Of course, people who registered no later than March 31 and did not require special accommodation still benefit 
from the lower rate of 650 F R F  (180 DEM). 

2. Conference program 
As is usual a t  I M C s  the oRicial language a t  the Conference is English. Facilities for other languages are not 
provided; every participant is expected to use the English language to the best of his or her abilities in order to  
communicate. The program of the Conference is as follows: 

e Thursday, Sepleiiiber 23: arrival and welcoming of participants, opening, and introduction program; 
0 Frzday, Sepleniber 24: lectures, poster session, General Assembly of the I M O ,  workshops; 
e Saturday, September Z5: lectures, afternoon excursion by bus to  the Verdon Canyon, open-air dinner, 

e Sunday, Sepfeniher 26: lectures, evaluation and closing, departure of participants. 
informal evening with cheese and wine; 

About 25 lectures and 12 posters have been scheduled so far Presentation of a lecture or poster is still possible: 
mention title and duration. Please note that a written version of your contribution must be delivered at  the 
Conference for inclitsion in the Proceedtngs, which will be published by the IMO.  

3. Practical informatioil 
Participants from certain countries may need a visa to  enter France. For this purpose, the organizer will gladly 
provide a personal invitation. As visa procedures may take several weeks, participants needing a visa should 
contact the French Emhassy or a French Consulate in their country promptly. 
The  organizer will also provide assistance with travel arrangements. In particular, car-pooling among European 
participants is encouraged. Assistance can also be provided in the form of time tables for local public transport. 
Furthermore, a shutt1e service between Puimichel and the local train and bus stations will be organized. 
Additional information on the Internatzonal Meteor Conference can be obtained from the organizer, Paul Rogge- 

. mans (address on inside back cover). Additional information on the Puzinzchel Observatory can be obtained from 
Arlette Stpenmans, La Remise, Puimichel, F-04700 Oraison, France, tel. $33-92 79 94 28. 

Update on the etxor Train Observing Project 
hlark ITirits 

1. Status report of tlie observing project 
As of April 18, 1993, tlie following people have submitted reports for the meteor train observing project. Included 
between brackets is the number of reports received. I wish to thank all observers for their efforts: 

Luc Bastiaens (5), Marc Rastiaens (5), Koen Clement (2)) Eric Crauwels (a), Mark Davis 
(15), Albert De Clerck ( I ) ,  Carl De Pooter ( l ) ,  Werner Depoorter (2)) J .  Kenneth Eakins 
(6)) Phyllis Eicle (6), George W.  Gliba (12) ,  Erwin Gueteris (3), Rohert H. Hays J r .  ( lo) ,  
Inge Leyssens ( I ) ,  Robert Lunsford (18)) Michael J .  Morrow (4) ,  Daniel L. Rhone (2) ,  
Tom Roelandts (4),  Karl Simmons ( l ) ,  Wanda Simmons ( l ) ,  Doug Smith (2)) Sirgfried 
Stapf ( 3 ) ,  hlireille Vanheerentals ( 2 ) ,  Cis Verheeck (3) ,  Jean-Francois Viens ( l ) ,  Linda c. 
Wilson ( 2 ) )  Jean-Marc U'islez (2 ) )  George Zay (75). 
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Most of these reports include complete magnitude and train duration distributions as requested, with the excep- 
tion of those submitted hy Siegfried Stapf and Robert Lunsford. The  latter’s reports cover almost 7000 meteors 
from 53 nights of major shower activity between 1983 and 1991. Despite the fact that only train percentages are 
reported, and this only for shower meteors, these may serve as a valuable reference set I am particiilarly grateful 
to George Zay, who has not only filled out the most reports, bu t  has also collcctetl all other North-American 
reports and is working to further expand the network. 
The  table gives an overview of all complete magnitude and train duration distribution reports received thus far. 
The  number of different nights covered each month is indicated, as well as how many reports were filled out  hy 
how many observers. The  final three columns give the total observing time and the niimber of meteors and trains 
seen. 

Table 1 - Overview of magnitude and train distribution reports 

Year 

1991 

1992 

1993 

Tot 
I 

Month 

M ay 
J 11 II 

Jul 
Aiig 
Sep 
Oct 
Nov 
Dec 

Jan 
Fe b 
Mar 

hl ay 
Jun 
J 111 

Aiig 
Sep 
Oct 
Nov 
Dec 

Jan 
Feb 
Mar 
23 

APr 

Days 

3 
2 
2 
9 
1 
2 
3 
1 

2 
4 
3 
8 

11 
7 
9 

11 
3 
5 
4 
4 

3 
4 

14 
110 - 

Rep. 

3 
2 
3 

19 
1 
2 
3 
2 

2 
7 
3 
8 

12 
9 

22 
33 

3 
5 
5 
4 

3 
4 

14 
158 

Obs. 

1 
2 
2 
8 
1 
2 
2 
2 

2 
3 
2 
2 
4 
3 

11 
17 
1 
1 
2 
1 

1 
1 
1 

26 

T e f f  

5.65 
2.83 
3.80 

37.30 
2.72 
2.36 

10.04 
2.43 

7.72 
19.90 

5.49 
34.49 
35.15 
27.99 
57.12 
54.86 
15.04 
18.95 
25.38 
19.23 

22.40 
19.98 
60.99 

491.82 

Met. 

41 
29 
24 

688 
3 

23 
72 

181 

29 
110 

17 
149 
188 
148 
597 
655 
109 
168 
157 
234 

120 
59 

177 
3978 

Trains 

4 
6 
1 

149 
1 
4 
5 
8 

1 
9 
1 

11 
23 

8 
59 
92 
13  
24 
17 
27 

15 
4 

492 
i n  

Since the major aim of this project is to study meteor trains in a statistical manner covering a large niimlier of 
meteors over a small interval of t ime (1 day),  a great amount of information is still needed. Therefore I wish to 
call upon all active observers to include meteor trains in their observing program and to  report the results to me 
(address on the inside back cover). 

2. The visual meteor train report form 

The  improved version of the report form accompanying this article slioiild be used to report the o lwrved  train 
activity. Most of the information requested is straightforward, bu t  let m e  point oiit the following: 

One page per night per ohserver is needed; 
e For every meteor stream and for the sporadic meteors, a magnitude distriliiition mi id  h e  siipplird as well 

as a train diiration distribution for each magnitude class; 
0 T h e  fact tha t  no meteor trains were seen for a given shower or even for thr piitire observation, is useful 

information too; 

0 The  most active meteor showers (or the sporadics) may occupy the  table, all others are referred to  the lines 
at the  bottom of the page. I n  case a very large number of meteors and trains was seen, the  information 
may be spread over different tahles on separate report forms, which must l)e stapled together; 

0 Very bright meteors or long-lasting train events which do not fit into the table, miist be specified separately 
just  below the tahle. Four different magnitudes Iirighter than  -6 can each hold 8 different train events. In 
case any of the trains was seen to be drifting, circle its duration niimber. In  caqe any prohlrmq or douhts 
remain with correctly filling out the report form, do not liesitate to write me  aliout i t  (espwially if you 
make an  effort to fill out more than just a few). 
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International Meteor Organization 

VIS SERVING FORM 

Date : / (day) - ( ~ ~ n t h )  (year). egin : m. End: m(UT) 
” N/S, h = m. IMOCode: Location : h = ” W, cp = 

Place : Country : 
Observer : iMO Code : 
Net observed time T eff = m =  h. Average Lm = , spread = - 
Total number of meteors : . Remarks 

0 9  0 ,  

magnitude & train duration distribution table. Shower IMO Code : 

specify events brighter than -6m and/or exceedin 5 seconds duration : 
magnitude : - ~ ~ ~ a t ~ o n  - __ ___ ~ - _ID - - circle those events 

that were drifting - I I__---p--__. 

- ~ - ~ ~ - ~ - ~  
Are any drawings of driftin trains inclu~ed ? : es / No (circle a 

Other showers : 

shower : 

first line : magnitude distribution : (mag) nr, (mag) nr, (mag) nr, ... +total 
second line : trains in format nr x nm of ns (number, mag, duration) 
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The Ripple Effect-An Alternative Method 
for Daylight Meteor Observations? 
A last a i r M c  B ca t h 

All meteor observers in the  northern hemisphere are undoubtedly now looking forward to the forthcoming Perseid 
return in August in the  hopes tha t  the third outburst from the  shower in consecutive years will indeed occur, 
following in the wake of the reappearance of the shower’s parent comet, P/Swift-Tuttle, towards the end of last 
year. 

Predictions based on the last two oiithursts, in 1991 and 1992, suggest that  European and North African sites, 
and perhaps also the North-American East Coast, may well be especially favored in 1993 if another unusually 
high Perseid ra te  does take place this year, bu t  naturally, all observers need to  be alert in case the Perseids prove 
as unpredictable as they have in the past. Observers a t  other locations may have tlic chance to spot the  results 
of high Perseid activity visually, however, even in daylight, if the theory behind the phenomenon described below 
is correct. 

The  phenomenon itself, the ripple effect, is a very rare one, and to the knowledge of t h e  authors has been observed 
on only four reported occasions so far. The  ripple effect consists of light and dark bands moving through solar 
halo effects, either singly or i n  irregularly-spaced groups. In all the reports, the halos in question appeared in 
aircraft contrails, suggesting tha t  only very thin clouds of this type are capable of siistaiiiing the effect, although 
this has not been definitely proven to date. Halos themselves result from the reflection or refraction of sunlight 
by minute,  aligned ice-crystals i n  high altitude clouds, most commonly of stratus type, and come i n  a variety of 
forms (cfr. [ I ] ) .  

T h e  idea tha t  these moving ripplcs cou!d be produced by sound waves from meteors was suggested only in 1984 
[ a ] ,  and unfortunately, the phenomenon has not been observed since tha t  date to  allow further research in this 
mat te r .  

Evidence for a meteoric origin for the ripples includes the near coincidence with reported sightings to  meteor 
shower maxima (the four recorded instances occurred on August 9,  1944, July 20, 1949, July 20, 1971, and  June  
17, 1979) and the fact tha t  the time intervals between ripples was in line with moderate to high meteor activity. 
Further information on how the sound waves could be propagated and  why the ripples are seen only in aircraft 
contrails can be found in [2]. 

One reason for the  paucity of observations is undoiibtedly the lack of suitably-placed contrails-with respect t o  the 
Sun at the appropriate times. Contrails can also dissipate in a mat te r  of minute4 too, which further reduces the 
possibility of sightings. An additional problem is a lack of knowledgeable observers, but hopefully, that  difficulty 
has now been partially eliiriinated by this present article. 

Clearly, if this phenomenon is due to meteoric sound waves, observations become more likely if meteor activity 
is high, as we believe may occiir for the Perseitls on August 11 or 12, 1993. Therefore, I woiild urge a11 northern 
hemisphere observers t o  keep watch, particularly during the daylight morning hoiirs when the Perseid radiant is 
a t  its highest in the sky, on these dates, looking for any sign of moving ripples crossing any halo effects which 
may be apparent.  

Observations should include details on the halos seen. the cloud formations they occiirrecl in,  the date, time, 
and location of the sighting, what the ripples looked like, how frequent they were. and how fast they were 
moving-this latter preferably as an  angular measurement in degrees per second. A photographic record would 
be immensely valuable, as there is no such record known at the present time, while a video recortling would be 
even more important.  Please send any positive siglitings of the ripple effect to m e  (ntldress on the inqide back 
cover) as soon as possible after they have been made. This applies whether the effect was olmerved during this 
year’s Perseid shower or not.  

Wi th  a phenomenon so poorly known and under-ol)served, i t  is vital we should lose no opportunity to increase 
our understanding of i t .  

Meanwhile, we wish you success with your Perseid Observations, whether during night-time or daylight! 

References 

[l] 
[a ]  

Greenler R.H.,  "Rainbows, ITalos, Glories”, C‘iim1,ritlge IJniversity Press, 1989. 
Archenhold G.H.,  Quarterly Journal of !he R o y a l  A ~ l r o n o m z c a l  S’oczely 25, 1984, pp.  122- 12.5. 
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Visual Observers' Notes: July-August 1993 
J e f l  Wood 

1. Introduction 
T h e  period July-Aiigiist is the most consistently rich period for meteor rates of the whole year. On a dark night 
an observer can expect to  see over 20 meteors per hour for much of this time. During the last few days of July 
and around Augnst 12 with the maxima of the major showers the &Aquarids and the Perseids, respectively, the 
total number of meteors exceeds 50 per hoiir and rates much higher than this are not iincomrnon at  these times. 
The  rediscovery of P/Swift-Tuttle last fall combined with the Perseid outburst recorded the last two years adds 
t o  the excitement surrounding this year's Perseid return. With all this activity around then, meteor workcrs are 
encouraged to get out and oliserve the many showers that occur. Table 1 lists the more important showers that 
occur during July and August. 
Table 1 below lists some of the more important showers that occiir during Jiily and Angilst. Talile 2 as iisual 
shows the observing conditions moon-wise. 

Table 1 - A list of some of the meteor qliowers to be seen in July-August 1993 

Shower Activity 

Pegasids 
Phoenicids (5111) 
Piscis Aust rinids 
S-Aquarids S 
a-Capricornids 
L-Aquarids S 
&Aquarids N 
Perseids 
K -  C ygnids 
1-Aquarids N 
x- Erid anids 
cy- Aurigids 
Piscids S 

Ju I  0 7 - J ~ l  11 
JIIII 24-Jul 18 
JuI 09-Aug 17 
JIII 0 8 - A ~ g  19 
JuI 03-Aug 25 
JuI 1 5 - A ~ g  25 
Jill Ic5-Aug 25 
JtIl I ' I - A I I ~  24 
A u ~  03-Ang 31 
Aug Il-Sep 20 
Aug 20-Sep 05 
A I I ~  24-Sep 05 
A u ~  15-0ct 14 

Maximum 

Date 

Jul 09 
Jul 15 
Ju1 28 
Jul 28 
Jul 29 
Aiig 03 

Aog 12  
Ang 18 
Ang 20 
Aiig 29 
Sep 01 
Sep 20 

Ang 12  

10707 
11207 
32507 
12507 
12607 
13107 
13907 
13909 
14507 
14707 
15507 
15806 
17707 

Radiant Drift T 

5 O  

7O 
5 O  

5 O  
8' 
5 O  
5 O  
5 O  

6' 
5 O  

G O  

5 O  

$008 S O 0 2  
+ i 0 n  $002 
+ion s o 0 2  

Table 3 
Table 3 
Table 3 
Table 3 
Table 3 

Table 3 
I 

+n:g $002 
s i p 1  n:o 
s o p 9  s o p 2  

70 
47 
35 
41 
23 
34 
42 
5 9 
2 5 
31 
59 
66 
26 

3.0 
3.0 
3.2 
3.2 
2 . 5  
2.9 
3.4 
2.6 
3.0 
3.2 
3.8 
2.5 
3.0 

Table 2 - Moonlight and observing conditions in July-August 1993. 

ZHR 

8 

8 
20 

8 
3 
5 

95 
5 
3 

15  
3 
7 

New Moon: 
First Quarter:  
Full hloon: 
Last Quarter:  

June 20, July 19, August 17 
June 26 ,  July 26, August 24 
July 3, August 2,  September 1 
July 11, August 10 ,  September 9 

2. Perseids 
This shower is active from July 17 to August 24 and traditionally reaches a maximum Z I l R  of aboiit 95 on 
August 12 or 13. Due to  the Full hloon on August 2 ,  observing conditions are not that favorable during the early 
part of August. However, by the time of the maximum, the Moon will have waned sufficiently so that dark-sky 
observations can be made during late evening and early morning hours. A s  the radiant has a high declination, 
the Perseids are best studied from the northern hemisphere. 
In 1992. the Perseids had an outburst with several hundreds of mrteors per hoiir witnessed i n  Asia and Eastern 
Europe. Shortly thereafter, Cornet P/Swift-Tilt tle was finally rediscovered. The year 1992 was the second of two 
consecutive years in which an outburst was seen. (The tloiible maxirnnm W R S  first registercd in  1088 after which 
it became ever more obvious.) A drtailed account of the 1992 outburst can h e  found i n  [ l] .  
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The  prospects for a third consecutive outburst are good, to say the least [2]. In many respects, the P e r w d  events 
in the period 1991-1993 are more or less a repetition of what happened in 1861-18133 at the previoiis return of 
P/Swift-Tuttle. However the circumstances are better now: the orbital distance hetween PISwift-Tilt t le and the 
Earth is now merely 0.001 AU (compared to 0 005 AU in 1863) and a t  the maximiim we will be 8 nionths after 
the comet's perihelion passage (compared to 12 months in 1863). So, if the Perseids are ever t o  show something 
spectacular, it  has to  be now! 
T h e  article by Joe  Rao in this issue offers a very comprehensive outlook on what can be expected from the 1993 
Perseids. 
Needless to say, the 4993 Perseitls provide a unique opportunity to gather valuable information on the hest known 
meteor shower as well as a rare occasion for our Organization to reach the general piihlic. Therefore, please mind 
the following gii i deli n es : 

1 Of course, the  usual I'M0 observing method ceases to be applicable when an  outburst with several hiindreds 
of meteors per hour OCCIITS Following the observers' notes is an article by Ralf Koschack and Robert FIawkes 
precisely describing w h a t  to do under these exceptional circumstances. Please read this article attentively! 

2 After the 1992 Perseid outburst, it  took the IlLiO a considerable time to compile a general picture of the 
shower's activity. I f  we do not want to miss this year's unique opportunity to gain visibility among the 
general public as well as the meteor community, i t  is important that  the IMO staff is informed zini i iedza2ely  
about a possible outburst ,  as soon as such an event becomes imminent. In  this way, it is posqihlc to  focus 
the attention of the international media on the event. During the morning after, we intend to prepare and 
distribute a first report on what happened. 
Following the article by Ralf Koschack and Robert FIawkes is a note by Paul Roggemans containing precise 
guidelines for the fast reporting of a possible outburst .  Please also read thiq note attentively! 

3 Finally, this issue has a leaflet enclosed with general information on the PerqeidS. their recent I)chavior, 
and  the  prospects for a 199.1 outburst which you are free to iiqe in raising awareness of the  event for the 
general public and the press in  your region of the world. Please help our-your--Organizatiori hy making 
publicity for this unique event and the ZMO's role in it! 

3. AquaridslCapricorIiids 
This rather complex group of showers were suhject to intense scrutiny during 1989 to 1991. Several thousand 
meteors were recorded. Nevertheless, more da ta  on this still too poorly covered complex are still required. The  
visual observing program requires good observational experience and an observing site south of 45' N .  Looking 
a t  Table 3,  it  is obvious that the observer has to look at a point between the radiantq of the 6-Aqiiaritls N and  the 
L-Aquarids S in order to distinguish between meteors of these southern showers. This will be quite impossible for 
observers sitnated north of 45' N. Observations of this program should s ta r t  only when the radiants have reached 
a siifficient altitude. If possible, two observers should look at the same field simultaneously. This  may allow 
estimates of the  accuracy of the data Only meteors possibly radiating from the A~uar ius /C 'a~~r icornus- reg ion  
should be plotted. It is necessary to consider the tliraction, trail length and angular velocity. All other meteors 
art. counted only. Any Aquaritls or C'apricornitls appearing outside the map's field are also counted after they 
are associated with the radiants given in  Table 3 .  

Table 3 - Radiant drifts for the m-Capricornids, the &-Aquarids South and N o r t h ,  the 6-Aqiiaiidi 
South and Nor th ,  and the Perseitls 

I__ 

6 

-14' 
- 1 3 O  
-11" 
- 0 9 O  
- 0 6 O  
-04' 

-_ 

6-Aqr S 
- 
N - 

3'1° 
329O 
337O 
345O 
3 5 ' O  

- 2 1 O  
-19O 
-17' 
-14' 
- 1 3 O  

6-Aqr N 1 1-Aqr S I L-Aqr 2\; 

316O 
323' 
3 3 2 O  
339O 
3 4 7 O  

-17' 

6 

-07O 
-n,jo 
- 0 3 O  
-nZo 

N - 

12O 
33O 
37' 
50' 
6Fj0 

In doing so, we are ahle to caIculatt= ZHRs based on the tabulatetl radiant positions. and to analyze the radiant 
position iising the  plotted meteor trails only. IVe want to  draw attention to the relationship between the  angular 
velocity of shower meteors, the  altitude of their beginning point lib and the distance D hetween tlieir end point 
and their radiant.  This  criterion is as important as the alignment antl the trail length antl  has to be used carefiilly 
when w i n g  the  counting method. For yonr conveiiience, the relationship hetween thew= quantities is repeated in 
Table 6.  
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Your reports must include the following for each date.  

with respect to the frame of the map) ,  and 
1. copies of yoiir Ai lns  Brno maps with the meteors plotted on them ( X  antl 1’ coordinates shoiiltl be measured 

2. a report using the IiMO Visual Observing Forms. 
T h e  shower association should be done a t  a desk using all criteria, including path length, position with respect 
to the radiant and  angular velocity. For more details, we refer the reader to [ 3 ] .  

4. K-Cygnids 
This  shower is active from August 3 through to August 31 and reaches a maximnm ZIIR of 5 on August 18. 
T h e  radiant position of cy = 286’ and 5 = +59O is virtually constant throughout the activity period due to 
i t s  proximity to  the  North Ecliptic Pole. Its diameter is 6’. For the period August 15 to 25 observers north 
of latitude 45’ N should concentrate on the rc-Cygnids. The  tc-Cygnids are noted for their slow-moving often 
bright meteors. All possible shower members should be plotted. Observers should ensure that the center of their 
observing field is located at a distance less than 40’ from the radiant. 

5. July Phoenicids 
T h e  July Phoenicitls are fairly fast, faint meteors which is probably the reason why they were first detected by 
radio techniques. Since this stream can only be observed from the southern heinisphere where i t  is winter, i t  has 
not been very well monitored to date. As the July Phoenicids are well placed for viewing moon-wise in 1993, 
southern hemisphere observers are therefore encouraged to make this a special project. 

6 .  Piscis Austririids 
T h e  Piscis Austrinids are active frotn July 9 to August 17 and  reach a maximnm ZBR of 5 to 10 meteors per 
hour on July 28. Wi th  the Full Moon occurring on Ailgust 2,  observers can only obtain dark skies up  until the 
maximum. Thus  the I M O  recommends that the period July 12-28 be monitored during 1993. Observers are 
encouraged to observe this shower as part of the Acluarid/Capricoriiids observations. They  shoiild plot all Piscis 
Austrinids occurring in the part of the sky covered by the map  and count those appearing outside the map’s field 
after careful consideration of path length antl angular velocities. 

Table 4 - Radiant positions of the Piscis Austrinids. 

7. rr-Eridanids 
The  n-Eridanids radiate out from the “Loop of Eridanus” during the latter part  of August and early September. 
They  reach maximum on Augiist 29 Olxervations to  da te  indicate that activity varies from year to year. At 
best they produce ZIlRs of around 10, a t  worst they are almost non-existent. The n-Eritlanirls are fast meteors 
and  they frequently produce trains. Observers should watch for these meteors in the pre-dawn hours when the 
radiant is high in the sky and the gihbous hloon has set,. They are best seen in the southcrn hrmisphere. All 
n-Eritlanids should be plotted. 

Table 5 - Radiant positions of the r-Eridanids. 

I Date I c u I r : I  
Ang ‘LO 46’ -17’ 
Ang 28 -15’ I Sep 05 1 1 -13’ I 
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Table 6 - Angiildr velocity ( O / s )  as a function of the alt i tude of t he  meteor's begiuning point h b  and 
the  distance D between the  end point and the radiant for various values of a s t ream's  
geocentric velocity V,. Nb is the alt i tude of the meteor 's  beginning point above the  
Earth 's  surface. 
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Telescopic Observers’ Notes, July-August 1993 
hfalcolm J .  Currie 

1. Perseids 

The  long-awaited return of P/Swift-Tuttle last year and the recent bursts of high activity has fueled consitlPrable 
interest in this year’s Persezd shower. The hope is that the comet has laid down sufficient fresh meteoroid4 that 
will cause greatly enhanced rates. In the past we have been disappointed by such predictions, h i t  certainly the 
omens are good. The  “new” maximum seen in  recent years, and which coincides with the hnrst seen in 1992, is 
timed t o  suit Europe, where the greatest density of observers lies. A crescent moon-fonr days hefore the new 
phase-rises around midnight on the night of maximum, but  will cause minimal interference. 

If remarkable rates do occur the spectacle will prove a compelling attraction to observe with the  naked eye, but 
I hope there will be at least a few telescopic observers active. If we observe only the bright meteors we shall not 
know the effect the return of the comet has had on the numbers of low-mass particles. Telescopic coupled with 
video techniques can give an estimate of the flux of meteors below the naked-eye limit. 

These techniques also give a chance to look a t  the radiant structure. Although visually there appears to be a 
simple symmetric radiant [ 11 these data exclude observations around the shower’s maxima because rates are too 
high t o  plot paths. This is not the case for the telescopic method because the Perseids are not abundant in faint 
meteors. (The fact that  we can see significant nnmbers of telescopic Perseids a t  all is due the overall strength of 
the shower.) Indications of secondary radiants have been claimed around the time of peak activity, and include 
telescopic da t a  [a]. It would be fascinating to see if these claims are justified, or even if a new sub-radiant is 
located. If any are detected we could look for any correlation with maxima in the visual rates. 

Observations should begin from August 10 and made until August 16. For this project, small l~inoci~lars are 
best. Choose field centers about 10°-150 from the Perseid radiant, to reduce the angular speed of the meteors, 
and therefore making them more visible, but so close as to  encroach on the moving radiant. Orient the fields to 
delineate the radiant, for example arranged in an equilateral triangle around the radiant. Alternatively, charts 
can be obtained from me, as can the new report sheets. Please state your typical field limiting magnitude and 
the instrument you intend to use so I can select the charts most suitable. 

Whatever the outcome of the 1993 Perseids I a m  snre we shall learn more of this popular showers 

2. Other showers 

Moving back to July the a- l y r zd  shower is something of an enigma. At its discovery in 1958 and twenty-odd 
years ago this was easily the most prolific shower of the year-some two to  three times the best telescopic showers 
of today. On a visual scale it would have been the equivalent of a ZHR aroiind 150. In 1989 and 1990 it was 
more like a weak minor shower. A s  to whether this change is a permanent decline or is due to a concentration of 
particles in the stream, only regular monitoring can tell. The  meteors are fast, so again select centers 10°-150 
from the radiant at a = 281’ antl 6 = $1105. The activity period is approximately .July 12-20. At the same 
time it is possible to  record o-Dracoiizd meteors. 

Every year there is always a chance to  record activity from the dense area of radiants that  is the Aquarzd- 
Caprzcornzd complm.  hiost favored this year is the third week of July-a time when we do not have many 
observations. Observers should take especial care to plot the meteor paths as carefully as possible, and to use at  
least three field centers separated by 2.5’-30°, around a = 23Oo-2O0 and 6 = $10’. The soiitherly declinations 
favors those in Australia antl South America. For northern observers you should he south of 15’ N ,  though BAA 
data  show that  it is possihle to collect useful data  even as far north as England. 

After the Perseids come the K-Cygnzds. Famed for their slow, bright fireballs, this shower does have moderate 
telescopic activity. I t  is one of several possible weak centers in Cygnus and neighhoring constellations during 
July and August that are apparent i n  recent telcscopic analyses. Only if we see them during more than one year 
can we be confident of their reality. You can use the same field centers as for the Aqnarids. 
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0 hsersratio xcept ion ally igli Activity 
Ralf I<oschack, and Bobert I lnwkes,  Mt .  Allison 1Jniwrsity 

1. Introduction 

During the analysis of the reports on the Perseid outbursts in 1991 and 1992, i t  has become obvious that the 
I M O  standard observing method is not adequate i f  the activity (i.e.) the visible meteor rate) is extraordinarily 
high. Instructions for observing under such exceptional circumstances have hithcrto not been pu1)lished. The 
instrnctions below are the result of a discussion conducted by correspondence and at  the 1992 IMC‘ i n  Slovakia. 
The experiences gained with the analysis of the 1991 and 1992 Perseid outbursts were taken into account. 

A s  the prospects f o r  an oulbursl diirziig the 1993 Pfrsezd niaxzinum durzng the night of Aiigii$t 11-12 are good,  a l l  
observers are urged t o  read the anstruclzons be low very carefully and to carry ou t  thcir observations accordzngly 
an order t o  obtazn results t h a t  wall a l low a rneanziigful analysis.  (Ed.) 

2. Visiial observations 

With increasing meteor frequency, the general problem which arises is that the tirne available for recording the 
data  of a meteor is reduced. Therefore, the more meteors that appear the more yoii should restrict yourself to 
recording the most important data only. The  most irnportant information about a meteor is its brightness. For 
very high activity, shower association is not that  important as only a very small fraction of the meteors will not 
belong to the shower. To keep recordiiig time to an absolute minimum you should just record the magnitudes 
(estimated only to the whole magnitude) on tape If a meteor is obviously sporadic, then add this information; 
all other magnitudes are assiirnetl to helong t o  shower meteors. Do not forget to  piit siifficient time stamps in 
your recording. SYith very high activity, record the time every 5 to 10 minutes. 

It is extremely important to have tlie magnitude for each meteor recorded. Plain counting without estimating 
the magnitudes is almost cornpictely useless for analysis purposes [I]. 

As activity becomes unusually high, first start  the photographic program as ontlinetl in the next section. Since 
visual observations become uraccrtain for very high activity, the photographic program has priority. 

If you feel that  i t  is becoming impossible to record all meteors seen along with their magnitude, record only those 
of $4 and brighter with their magnitude. The fainter meteors should simply he left out.  If even this becomes 
impossible restrict yourself to $2 or brighter or even to magnitude 0 or brighter. T.l’lien activity decreases again, 
proceed in the opposite direction Wlienever you switch to another magnitude thresliold, you must insert a time 
stamp in your recording with a remark such as “brighrer than $4 ” 

If the limiting magnitude is better than approximately $5.0, and if you are a150 carrying out photographic 
observations as outlined in the following section, yoii can stop your visual observation at  the point when it 
becomes impossible to  record all meteors of magnitude +4 or brighter along with their magnitndc. You should 
fully concentrate on the photographic program and enjoy the show. Just record the appearance of briglit fireballs 
and try to estimate the time of rnaximuni activity. For liniiting magnitudes worse t h a n  approximately $5 0 ,  this 
change in procedure is recommendtvl as soon as yoii have to switch to only recording meteors of magnitude 0 or 
brighter. 

Soon after the event you should report the complete record of the observation (i e. ,  the meteor list with time 
stamps, begin, end, breaks, and information about clouds and limiting magnitiidr,) to the VMDB responsible. 
Also enclose a short report including the estimated time of the maxinium, remarkable events such as bright 
fireballs, special circumstances, remarkable properties of the meteors (e.g., persistent trains) This procedure of 
reporting the complete record of the observation should be used whenever the activity gets extraordinarily high 
(ZHR greater than about 200). 

3. Photographic observations 

The  visiial observing technique has the advantage of allowing the analysis of meteors down to magnitude $5 or 
$6. Thanks to the size of the sample obtained, i.e.,  the rather large number of mtteors on which an  analysis 
can be based, visiial observing yields accurate results despite its suhjective cliaractpr. Photographj is a more 
objective technique, hint suffers from its poor liniiting magnitude for meteors, which is $1-$2, and its res t r ic t4  
field of view. Even during a “normal” maximum of a major shower only 1-2 meteors per hour can he caught by 
one camera. Such a sample is far too small to analyze rates and magnitude distrihiitions. 

For very high activity, however, this restriction no longer holds. On a 3-minute exposiire takwi during the 
great Leonid storm in 1966, for instairce, some 40 meteors appear! hloreover, viiiial results become increasingly 
uncertain with increasing activity. Tlence photography is clearly favored for the monii oring of very high activity. 
An analyzing procedure for photographic oliservations is under preparation and will I)e piilili~hctl in IT’GN. 
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Generally, you can use any camera with any film and point the camera in any direction feasible from your 
observing site. In the following paragraphs the most favorable parameters are given. The  closer you follow 
the instructions below the more accurate the results obtained from your observation will 1)ecome. Therefore, 
you should prepare your observation in accordance with these instructions if very high activity is predicted. 
For unexpected meteor storms, however, you have to use the equipment you have at  hand even if it is not the 
optimum. In order to be prepared for unexpected outbursts you should carry a camera with you whenever you 
go outside for observing. 

Camera 
For our purpose, 35-mm cameras or medium-format cameras (6 x 6 cm, 6 x 9 cm) are the best. If you can use only 
one camera the standard lens o f f  E 50 m m  for 35-nim cameras or o€ f x 80 nim for medium-format cameras is 
optimal. In order t o  improve the quality of the image the speed of the lens should be restricted to  f/2-f/2.8. 
If two cameras are availalile, the second one should be used in connection with a wide-angle lens, preferahly a 
fish-eye lens. 
T h e  photographs taken with the first camera are used to determine hourly rates and magnitude distribution, for 
which a relatively small field and a good limiting magnitude for meteors are desirable. This is the most important 
information. The  second camera provides information about the appearance of fireballs. Here the field of the 
second camera needs to  be as large as possible. 
Since the short exposure times must be recorded exactly, and you want to have enough time to  enjoy the show 
or to  carry out visual olxwvations, it is suggested that only two cameras be used as mentioned above. Four 
cameras operated with long exposure times cannot provide information as valuable as the information obtained 
from two cameras operated with short exposure times. 

Film 
Clearly, black-and-white negative films of 400-3200 ASA are appropriate. Color films are nearly useless for 
scientific analysis. 

Exposure lames 
Begin and end of each exposure have to be recorded with an accuracy of & l  s. The optimum exposure time 
depends on the activity ant1 should range between 10 minutes when the activity is not that high to about 2 
minutes for an extraordinary meteor storm. Try to avoid having to  change the film while a t  the same time 
keeping the exposure times as short as possible. 

Dzrectzon of the camera f i e l d  
In azimuth, the wide-angle camera shoiild be pointed in a direction opposite the direction of the radiant. The 
lower edge of the field should be 10'-20' above the horizon. A fish-eye camera should be pointed to  the zenith, 
of course. 
The  camera with a standard lens is pointed towards the same azimuth. The optimal elevation of the field center 
depends on the radiant elevation and is given in Table 1. 

Table 1 - Optimum elevation of the field center 
(camera with standard lens) depending 
on the radiant elevation. 

T h e  analyzing procedure requires the photographic limiting magnitude for the shower meteors to be constant 
over the camera field. Since the photographic limiting magnitude depends on the angular \peed of the shower 
meteors, the latter must vary as little as possible across the camera field. Tliis requirement yields the optimal 
elevations listed in Table 1.  

Reportzng the  results 
The  analysis of the photographs will be carried out by an ZMO responsible who is specializd i n  this field since 
the procedure is difficult to deal with. As i t  is not practicable to  mail the negatives, yon are asked to make 
high-quality paper prints of the format 13 x 18 cm or larger. Ensure that the whole area of the negatiw is on 
the print. 
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For each photograph, you should report the following: 
e date; 
e start  and end of the exposure i n  UT, 
0 approximate field center i n  riglit ascension and declination; 
e observing site (geographic coordinates as accurately as possible); 
e observer; 
0 focal length and effective speed of the lens; 
e format of the negative, and 
0 film, process, effective sensitivity. 

Send the paper prints to the V M D B  responsible as soon as possible. 
Use of a mdeo  camera 
If you have access to  a video camera, you are encouraged to use i t .  Although normal color carncorders are 
limited to  about magnitude $2, the precise timing and the possibility for frame-by-frame analyses compensate 
for sensitivity limitations. Better sensitivities can be obtained with special high sensitivity monochrome video 
cameras, or with image-intensified video cameras. 
Use the largest aperture possible with your video camera Icns. If i t  is a zoom lens. you will want to adjust for a 
fairly wide angle. Once you have selected a “zoom” setting, do not change i t  during the coiirse of the oliservations. 
Set tlie focus to “manual” at infinity, as some types of automatic focus mechanisms will not operate properly 
when aimed at an almost black sky. For most purposes you will not want to  use the electronic shutter available 
on CCD video cameras since the sensitivity will be further decreased. Some observers may, however, want to 
use this feature to specificall) look for wake--in this caw be sure to note the electronic shutter speed used (e.g., 

Turn the time display to “on” and set it to the finest tirne increment possible. Synchronize your clock time to a 
standard time signal. If no video time signal is possible with your camera, briefly blank the picture (by covering 
the lens) a t  several recorded times. Recording a short wave radio time signal on the audio track of the video 
recording offers another tiiiiing option (or more simply, using a microphone to place time markers on the audio 
track according to the time indicated on an accurate and calibrated clock). 
Use high quality video tape, and i n  most cases i t  is preferable to iise the highest recording tape s p e d  possible 
(e.g., SP in VHS, Beta I or 11). 
Unless a clock-driven equatorial mount is available, use a firm tripod with a fixed direction. Select an observing 
direction in the same way as suggested above for photographic work, but adjust it as necessary to make sure that 
a minimum of 3 stars are visible in your field of view. 
It  will assist with photometric corrections if, at the beginning or ending of your observing period, you record 
several minutes wish the same camera settings but with the camera skewed at  angular rates roughly corresponding 
to that of the expected shower. Note the identification of the stars used in the test. 
Immediately after the observations, make a copy of the video tape. It is acceptable (perhaps even preferable) 
to  make this copy on a slow tape speed (e.g., SLP in  VI-IS or Beta III) ,  since frame-by-frame advance is better 
on most machines with slow tape speeds. I n  making the copy of your tape use the “vidco in” and “video out” 
connectors, rather than the RF modulated signal. Be sure to  use shielded cahles intended for video work in 
making the copy 
Carefully review the tape a t  least once (preferably twice) to make a listing of all meteor occurrences. This will 
make i t  easy for others to  complete the analysis of your observations. For each meteor note the following: 

1/1000 s). 

0 date and time (UT) to the nearest second; 
0 position of the meteor on tlie screen; 
0 apparent direction of motion; 
0 approximate apparent angular speed; and 
0 approximate apparent luminosity, in magnitudes. 

Send this information and a copy of tlie tape to  the Vd%fDB responsible as soon as possihle. 
T h e  current  V M 3 B  respnnszbie is Rnziier Arll 
pos ta l  codes zn G e r m a n y ’  (Ed.) 

Bzs address zs on the znszde hack cover.  Xotzce t h ~  c h a n g e  zn 
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The IMO on Alert for the 1993 Perseids! 
P a d  Roggemans 

It  is impossible to  predict a meteor storm and it is very rare to observe one in a human lifespan Notwithstanding, 
our current knowledge of the Perseids and their parent comet indicates that  something spectacular might happen 
on the  night of Aiigust 11-12, visible mainly over Europe. The  possibility of a meteor storm poses a major 
dilemma. On the one hand one can take a “wait and see” att i tude,  risking that a major storm occurs with 
millions of potential watchers asleep. On the other hand, one can make a lot of fuss and involve the media at 
the  risk of making a fool of oneself if nothing happens. For instance, astronomers were blamctl for announcing a 
Leonid s torm in 1899 which  did not occur. This blame might have been avoidcd if the orbital configuration of 
the  Ea r th  and comet had heen known better After examining the literature to figure out the probability of a 
very remarkable Perseid return materializing in 1993, I have concluded tha t  it seems almost certain we are going 
to cross a dense belt of fresh cometary particles. In view of what we know, it woiild actually lie more surprising 
if just normal rates orci~rre‘d than if we become witness to  rates of several hundreds of meteors per hour or even 
s torm conditions: the Earth will indeed almost intersect P/Swift-Tuttle’s orbit. closely behind the comet. 
Wi th  the  “wait and see” option we have nothing to lose, but also nothing to gain. If on the other hand we 
take the  initiative and involve the tnedia we may IJP  able to generate much positive publicity for meteor work; if 
moreover we carefully point oat tha t  we cannot fully guarantee a burst of Perseid activity, nohody can blame us 
later for having predicted wi th  absolute certainty that a “rain of shooting s t a n ”  will occur. Taking into account 
this consideration, the 1M0 will undertake the following steps: 
A press release wzll be sent l o  t h e  i n a m  press agenczes and mternatzonnl T V  nr tworks ,  t o  direct their attention 
to the  possibility of exceptional Perseid activity. \.Ye cannot write to all local press agencies, observatories, or 
societies, however. Yoii can play a vital part  in this by informing your local media If you as an IMO memher do 
inform your local press, we urge you to be careful 111 your wording: please emphasize tha t  nobody can predict a 
meteor s torm with certainty in advance, hut that  thcre are nevertheless fairly good indications something special 
may happen this time. Also be careful when converting U T  to your local time. You may refer to the ZkfO, but 
then use only information endorsed by the IAIO.  For your convenience, we enclose in this issue a document you 
are welcome to  use as the ba5i.J for a press release. !&low, we list the relevant articles i n  WCI“ tha t  you can use 
to document your articles or statements: 

0 WGN 19:s: pp. 181-184, 
0 WGN 2012 pp. 57-59; 
0 

0 

o WGiQ 2111: pp. 13-18; 
0 WGN 21:3. pp. 110-120. 

WGN 20:5‘ pp. 192-197, 1). 198, pp. 199-200, 131). 200-202, pp. 203-204, 1>1). 204-205, 1 ’ ~ .  205-206; 
WGN 20:6: p. 238 ,  pp. 238-240; 

We even hope to  obtain live coverage from one or two T V  stations a t  one of our olwerving stations. Perhaps you 
will be able to follow the Pcrseitl shower in progress on your TV!  
A f a s t  cornrnunzcalzon nelr;uo7+ has been se t  up  with coordinating centers i n  France a t  Puirnichel and Hove near 
Antwerp in Belgium hlost 1.110 officers will lie out i n  the observing fields, and some will be on the move to escape 
from bad  weather. Therefore we selected Puimichel, from where most observing projects i n  Southern France are 
coordinated, as a headqcarters to collect olwrvational reports at the very start  of any iiniisual activity. We 
therefore ask all observing teams to phone Puimichel ($33-92 79 94 28) immediately when you see that activity 
is significantly above normal. Report briefly the following essential da ta .  

your name and  location, and number of observers; 
e activity level (e.g , 50 Perseids/lO minutes) and time in U T ,  
e tendency of the activity. Increasing or decreasing; 
e sky conditions: cloud percentage and lirniting magnitude; and 
0 characteristics: abundance of bright or faint meteors, train phenomena, etc. 

Each reporting should be kept short (1 LO 2 minutes) in order to keep the lines free. As a hack-up reporting 
site, in case you fail to reach Puimichel, call the Public Observatory ITrania in Hove near Antwerp in Rdgium 
at +32-3-455 07 32, where hlarc Cryssens will set up a secondary da ta  center Bawd upon our own results in 
Southern France and the incoining phone calls i n  Puimichel, the I M O  olxerving t r a m  in France (Peter Brown, 
Martin Beech, Marc de Lignie, Klaas Jollse. Paul Roggemans, and Yaw0 Yahri) will deciclr whether or not to 
send ou t  a warning to  alert international news agencies. If the decision is poyitive, Piiiiniclicl will then contact 
Hove, where messages prepared for different scenarios will be ready. From there, the appropriate messagr will 
be sent to  the  international press anti BBSs. M’e hope to arrange all this i n  a time lapse of 15 minutes or less 
after the  first sign of spccial activity. Thrrcfore, 21 z s  z r n p o ~ t a n l  t o  co7itniun?cnlr y n ~ r  first rrport as soon U S  

szgnzficantly znrreased a r f i i l i l y  2 5  npparen t ,  a n d  no t  l o  w n a t  f o r  a ful l -grown 7r ir fror  storm! 
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After these first minute:? of int,ense con~niunicat,iorl on t,he verge of a possible meteor st,orm, we expect com- 
munication to calm down as everybocly wan t s  to watch the show! Notice t h a t  yoir should not, cnl l  P i i i in iche l  
or A n t w e r p  j u s t  t o  gel  an u p d a t e  on ( h e  lnlesi  si i i iotion! If YOU cannot observe yourself, watch your T V  news 
or listen to  the radio. For the  iM0 it. is very irnport,ant to keep the lines in Puiniicliel and Hove available for 
important news 011 changes ii; a .  be ahie to take proper action. In pnrticulnr,  it goes  w i l h o u t  s a y i n g  
tha t  u n d e r  no cdrcurnsidnces s h o u l d  t h e  phone n u i i t b e ~ s  abovc  be passed  on t o  the general  public! 
At the end of tjhe observiiig n i g i ~ t ,  our last task is to immediately compile a more complet'e report for the 
international media and astronomical irist,itutes. T h e r e f o r e  w e  ask  y o u  l o  report y o u r  preli.rninary resulfs on t h e  
en t i r e  n igh t  t o  one of the data  cent,er.i. For this purpose, you can cad1 to  Antwerp all night and to Puimichel 
between 3h3Qm and Sh UT.  You can also send this report by e-mail to gyssensewins.uia.ac.be. Be mindful, 
however, that  e-mail messages will not be read before approximately S1'30'" UT! A t  Sh [JT, communications will 
be collected antl sumrmari2ed b y  both data centers after which a first preliminary overview of August 11-12 will 
be prepared in Antwerp. Thierejore; niai le  s'ui-e your  repori r e a c h e s  us before Sh TJT! After that time, t>liere might 
be nobody present to  answer t h e  phone! Without complications; everybody will finally get tjo sleep at, 7h IJT, 
after one of the longest and inosf exciting iaig?ids meteor-wise in history! 

. I 

2. Call to all D 

Many observers a n d  observing t,eares will anxioi.isly coont, down r,c the evening of Aiigiist 11-12. Clouds no 
doubt will make observers trme, so case of overcast skies i t  may be appropriate to escape t o  a better site. 
Driving to an unknown observing area, however, can :creak problems, and therefore i t  would be very helpful if 
the groups who must escape from c l o ~ t i s  coriItE join n~ighhorii ig teams. We would likc t,o know where teams plan 
to observe, how they can b e  contacietl, a n d  if t,hey can help t,eams on the riiii t,o escape from bad weather in 
their area. Especially for the big mnleii3ie.-station project i n  Southern France, a scenario for emergency action on 
August 11-12 has been considered. Therefore, we need to know where we can put different groups of observers 
and equipment in  special areas i n  France, It,aly, Spain, or Switzerland in advance. Please do not wait until 
maximum, but  provide P oggeinans wit,h t,he necessary information immediat,ely! 

3. Call to observers i g  

On August, 10, 1993, at 1%" UT, a n~ee t~ ing  wi th  ai! oi:sei.vi:ig teams in Southern France will take place in 
Puimichel. You are weicorne t,u at,t,eu:i this mcetiiig to hrlp facilitate coordination procedures and to  fine-tune 
preparations for the night' of Aiigiast, 1 i -12,  antl also to arrange any possible observer drop-offs i n  case of poor 
weather. Flease inform 11s at, least two dqys i n  advance i f  y o i i  also wish to  fake a liinch in Puimichel. 
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Progress in etesr Science 
A r f a c l e s  zn ihzs seclzon h o v e  been f o r m a l l y  re fereed  b y  ai least  o n e  p r o f e s s z o n a l  a n d  o n e  experzenced ,  k n o i c l ~ d g e a b l e  
a m a t e u r  m e i e o r  w o r k e r ,  a n d  deal  wi th  glohal a n a l y s e s  o f  m e t e o r  d a t a ,  m e t h o d s  f o r  m e t e o r  observzng a n d  d a t a  
r e d u c i z o n ,  o b s e r v a t a o n s  wzfh p r o f e w z o n a l  e q u z p m e n i ,  o r  i%eoretaca/ studzes. 

Jurgen Rendtel, Xnlf Koschuck and Rainer Arlt 

For the  first time, a complete activity profile of this meteor shower was obtained from visual ohservations during 
the  1992 I M O  Quadrantid projcct. I n  total ,  18 434 shower meteors were reported by 106 ohservers. The  ZBR- 
peak (ZHR=145) occurred at Ad = 283015 (eq. 2000 0) and is very narrow. Its full width at half maximum is 
AX0 = 006, or 14 hours. The rate profile is slightly skewed toward i ts  pre-maximum region. The  population 
index r is low around the peak with r w 2.1 being the lowest value calculated. A systematic increase of r found 
during the  maximum night is discussed. T h e  highest number density of particles causing meteors of at least +6.5 
was encountered at A?, = 283: 15 and was 380 particles per lo9  km3, which is higher than  in the average Perseid 
shower, bu t  about 30% lower t h a n  in a Geminid shower. Comparisons with observations in previous years are 
presented. No particular features are found for these returns of the shower. An activity profile for the period 
1986-1992 is presented. There is some indication that higher than average peaks occurred during this period. 
This  result could be related to the average orbital period of the Quadrantid meteoroids. 

1. Introduction 
The  Quadrantid shower is generally diffictilt to observe. The  activity shows a high bnt very 
narrow peak and although the northern winter nights are long, only the second half of the night 
can be used for effective observations as the radiant reaches its lowest point around 20h local 
time. Both the narrow peak and the short period for which the shower can be watched from one 
site make it proha1,le that one observer will miss the maximum. The often bad weather i n  early 
January adds to  these unfavorable circumstances. For these reasons it is almost impossible to 
perform an analysis of this stream based on observational da ta  from only one site or country 
and hence glohal cooperation is necessary. The 1992 return brought together several fortunate 
circumstances. The  maximum occurred during the European morning hours and the weather 
conditions were atypically good for the Old Continent where most observers were active at that 
time. Japanese and North American observers completed the coverage. This resulted in the 
most successful Quadrantid watch ever analyzed hy the I M O .  In total ,  106 observers reported 
18 434 shower meteors seen in 739.336 man hours of effective observing time. The  individual data 
will be published, as iisual, in the respective volume of the WGiV Report Series. We are grateful 
t o  the following observers who made this analysis possible wit11 their observational efforts. We 
list the observer's name, I?ilO-code, number of Quadrantids and the effective observing time: 

Rainer Arl t  (ARLRA, 485, 39!94). Kremena Baltova (BALKR,  6 ,  3h65), David Batten (BATDA, 0 ,  2h70), 
Luis R. Bellot (BELLU, 286, 12!74), Ragnar Bodefelti ( B O D R A ,  177, 2!16), Grant  Bonnel ( B O N G R ,  91, 
3h00), Peter Brown (BROPE, 94) 5"35), &car Cervera Garcia (CEROS, 289, 5?04), Jiang Chang-giii 
( C H A J I ,  101, 2h62), Yang Chiinping (CHUYA,  80, 2h50), Peter Dalakov (DALPE, 167, lOh97), Vincent 
Devore (DEVVI, 55, 3hO6), Josh V. Diaz Martinez (DIAJO, 190, 3h54), Aaron Doherty (DOHAA, 40, 
2h97), Kathrin Diiber (DWBKA, 91, 2h48), Kriszti6n hdes (EDEKR, 392, 8h45), Roland Egger (EGGRO,  
15, 7!87) ,  J6n Fabricitas (FABJA, 152, 4'!Gl), Andrea Friebel (FRIAN, 180, 8h61), Keiiti Fnkui (FUKKE, 
41, 4h92) ,  h'lichael Funke (FUNMI, 40, lh24), Kai Gaarder ( G A A K A ,  90, 2h6 l ) ,  John  Gallagher ( G A L J O ,  1 ,  
7h00), Ivanka Getsova (GETIV, 127, 9!40), Valentin Grigore (GRIVA, 10,  3 h 0 0 ) ,  Gabi Koschny (HADGA,  
284, 9h68), Jung IJan-Snh (HANJU,  23, 3h32), Werner Hasubick (HASWE, 63, 1?11), D6ra Havassy 
(HAVRO,  360, BhOO), Rolierto €laver (HAVRO, 49, 2!00), Lars T. Heen (HEELA, 53, lh57), Trond E. 
Hillestad (HILTR, 1023. 1 I h 5 2 ) ,  Heinrich P. Rimmelbauer (HIMHE,  64, 3h17), Daiyu Ito (ITODA, 57, 
2?55), Klaus .Tandl (JAWKL, 133, :3'.'00), Anne Jokinen ( J O K A N ,  88, 4?25), Stanislav Kaniansky (KANST, 
148, 4h6l ) ,  Junji Kavvarnura (KAWJU, 51 , 4h3l ) ,  Akos Kereszturi (KERAK,  532, 8h45), Timo KinnunPn 

Authors' addresses: J .  Rencttel ,  CiontardstraBe 1 1 ,  D-14471, Potsdam, Germany; R.  Koschack. Prof.-M'agenfeld- 
Ring 33, D-02943 SVciRwasser, Germany; R .  A r l t ,  Berliner StraBe 41, D-14467, Potsdam, Germany. 
WGN, t h e  J o u r n a l  o f  t h e  I n i e r n n l z o n a l  ,iCfeffor O r g a n z r a i z o n ,  i701. $1, N o .  3, Ji inr  1993, p p .  97-109. 
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(KINTI, 146, 4h73), A n d r f :  Kriofel (KNBAN, 178, 6hl  I ) ,  Bernhard Koch (KOCBE, 505, 39h45), Rernd 
Koch (KOCBR, 72, lh2$) ,  Det,lef Koschny (KOSDE,  436, 12h15), Kazimierz Kosz (KOSKA, 33, 1!87), 
Ralf Koschack (KQSRA, 1287, 44h70), Norbert  Kremminger (KRENO,  90, 3h75), Gotfred M .  Kristensen 
( K R I G O ,  17, 2h08), Cryijngyver Kudor (KWDGY,  379, 8h45): Robert Lunsford (LWNRO, 59, 3h25), Jorgen 
Mad (MADJO,  126, 4h58); Veikko Makela (MAKVE, 68, 3h68), Katuhiko Mameta (MAMKA, 56, 3h19), 
Krasimir Manov ( A N K R ,  163, 9h44), Antonio F. Marin (MARAT, 79, 2h44), Mane1 Marin (MARMN, 222, 
3h20), Alastair McReath (MCBAL,  289, 9h50)j Sirko Molau (MOLSI, 130, 2h27), Sandra Niedermair 
(NIESA, 219, lOhSO), Atanss  Nikolov (NIKAT, 192, 7h79), Markku Nissinen (NISMA, 1, lh07), Seiko 
Nishioka (NISSE, 40,  2h 17), Mirko Nitschke (NITMI, 104, 2!27), Kazuhiro Osada (OSAKA, 14, lh93), 
Leo Rajala (RAJLE, 189, 7h62), Pia Rama (RAMPI, 107, 3!29), Thomas Rattei (RATTH, 132, 2h82), 
Ina Rendtel (RENIN, 787, 51: 19), Jiirgen Rendtel (RENJW, 592, 53h83), Paul Roggemans (ROGPA, 506, 
47h59), Tuomo R,oine (ROITW, 82,  2h42), Antonio R o m h  (ROMAN, 263, 5h52), IIolger Sack ( S A C H O ,  
50, lhG3), Toru Sagayama (SAGTO, 9, 5hG3), Kotaro Sakuma (SAKKO, 26, 2h58), KrisztiAn S h e c z k y  
(SARKR, 494, 8!45), Iliromi Sat,o (SATHI, 29, 1'703)) Koetu Sat0 (SATKO, 1, 1h98), Tatuo Sato (SATTA, 
18, 7h29), Johannes Schnoller (SCHJH, 143, 3h45), Takashi Sekiguchi (SEKTA, 206, 8h91), Yasiio Shiba 
(SIBYA,  43, Ih33) ,  Tikara Simoda (SIMTI, 44 ,  lh67),  Hiroyuki Sioi (SIOHI, 109, 3h62), Juraj  Skvarka 
(SKVJW, 140, 4hG6), J . N .  Smith (SMPJN, 101, 3h63), Ulrich Sperberg (SPEWL, 103, l h l s ) ,  Detlef Spotter 
(SPODE, 398, 14h44), Siegfried S h p f  (STASI, 434, 41h IG) ,  Stefan Strobele (STiST, 472, 22h89), David 
Swann (SWADA, 5,  Ih98),  Quyang Tianjing (TIAQU, 12,  lh95),  Hiroyuki Tomioka (TOMHI, 61, 8h94), 
Sebastia Torrell (TORSE, 270, 31122)) Tuornas Torronen (TORTU, 87, 3h00), Josep M. Trig0 Rodriguez 
(TRIJO, 537, Gh90), Satosi [Jehara (UEHSA, 66, 4h86), Tadasi IJsiii (WSWTA, 33, 2h83), Yoshiaki Uyama 
(UYAYO, 64,  2!38), Roger Venable (VEIRO, 115, 3h28), Roland Winkler ( W I N R O ,  105, 7!83), Nikolai 
Wiinsche ( W W N N I ,  164, 5! 18), Yasuo,Vabu ( Y A B Y A ,  3 ,  1h53), Liri Yunxing ( Y W N L I ,  44, 3?94), Peter 
Zimnikoval (ZIMPE, 142, 3h33), Miroslav ZndSik (ZNAMI, 223, 4h6l).  

2. The population index profile 

As shown in [I] and recent show7er analyses [2,3] the population index r is the fundamental 
quantity required for detailed analyses. The method of determination of the r-profile has been 
described in [I] and very recently i n  [ 3 ] ,  First, all individual r-values have been computed from 
the magnitude distributions and finally the sliding average procedure including outlier rejection 
[3] has been applied to  obtain a profile. The large qriantity of da ta  permitted the determination 
of the population index profile for the whole activity period of the shower. From A 0  = 27800 to  
A 0  = 28207 a sampling period of 300 width shifted by 105 was chosen. For the maximum period 
282'17 5 A 0  5 283"5 a sampling period of 0006 width shifted by 0003 'was possible, and for the 
post ma.ximum period 28305 5 A(3 5 2 8 T O  the sampling period was 200 shifted b y  100. The 
resulting profiles are shown i n  Figures 1 and 2 and in Table 1. The  error bars correspond to  the 
6S% coifid en ce 
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Figure 1 - Profile of the population inc!ex r for the 1992 Qiiadrantids. Solar lon- 
gitndes are w i t h  resppct to eq. 2000.0. Details €or the night of the 
maximiiiri are shown i n  Figure 2 .  Before and after the maximum the 
valtie ~f r does not tliffp'cr from that of the sporadic background. 
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2. a 

Figure 2 - Profile of the population index T around the activity maximum, show- 
ing a steady increase in  activity within about 6 hours. This featiiw is 
disciissed i n  the text. 

Before and after maximum, the population index of the Quadrantids is comparable to that of 
the sporadic meteors. In  tlie central part  of the stream r drops to allout 2.1. The  population 
index values for the interval 28300 5 A 0  5 283025 are the most reliable as they are based on a 
very large quantity of data. During this period of only 6 hours, the value of increases steadily 
from r = 2.1 to  r = 2.4. 

According to  the r-profile shown in Figure 2 the minimiirn of r occurs around A 0  = 28300, i.e., 
about 0015 before the ZTTR peak. Interpreting this feature, one has to bear in mind that the 
da ta  in the interval A 0  = 283'100 to A 0  = 28302<5 are based on European observations during 
the latter half of the night, i n  which the radiant rises from some 20' elevation to about 60'. 
It is possible that the olxerved increase in r is not caused by a real increase in the proportion 
of smaller particles, but is due instead to  a dependence on entry angle of the transformation 
process of tlie particle's kinetic energy into radiation. 

Tahle 1 - Profile of the popnlation index T for the 1992 Quadrantids. It is derived 
from the magnitude distributions of the 75 observers who also sent magni- 
tude  data. Note the  very small steps around the peak. 

A, (2000.0) 

2780 10 
279098 
280096 
2820005 
282083 
283000 
283003 
283007 
2830 11 
2830 17 
283020 
283023 
283032 
283049 
2840 14 

Date 

DPC 30 
Jan 01 
Jan 02 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 04 
Jan 05 

r 

3.67 f 0.43 
3.11 f 0.19 
2.97 f 0.04 
3.08 f 0.29 
2.25 i 0.20 
2.1 1 f 0.09 
2.1 1 i 0.07 
2.15 & 0.05 
2.21 4 0.06 
2.30 & 0.06 
2.34 f 0.06 
2 . 3 8 4  0.11 
2.25 f 0.28 
2.25 i 0.48 
3.23 4 0.37 

Qua 

44 
284 
389 
1'49 
110 
32 1 

1502 
4657 
4038 
3035 
2315 

927 
127 
99 

486 

7.33 
7.14 
7.18 
7.46 
6.20 
6.56 
6.17 
5.91 
6.14 
6.62 
6.59 
6.53 
5.97 
5.96 
6.67 
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3. The ZHR profile 
To begin, all individual ZIIRs  were computed for which the radiant elevation was greater than 
20' and the total correction factor was less than 5 .  This correction factor is given by 

C]*,, x F x c,, 
with Clm the correction factor for limiting magnitiide, F the correction factor for field ohstruc- 
tion, and C, the zenith correction factor. 

As explained i n  [ 3 ] ,  the determination of perception coefficients for individiial observers [4,1] 
requires intervals of relatively constant and high shower activity. For the Quadrantids such 
periods cannot be found. As long as the activity is constant, the rate is too low for a reliable de- 
termination of the perception coefficients. Approaching the maximum, the activity dramatically 
changes within very short time scales. 

Experience from recent analyses show that the perception differences between intlivicli~al ob- 
servers are sometimes considerable and cannot be neglected. Therefore, we proceeclcd on the 
assumption that the perception characteristics of an observer do not change over a period of 
a few months. We applied the average limiting magnitude offsets Alni for the observers deter- 
mined from the analyses of the 1991 Geiiiinitls [3]  and the 1991 Perseitls (iinder preparation) for 
perception correction of the Quadrantid ZIIRs. 
Next, the ZHR profile was determined from the perception corrected individual ZI-IRs by appli- 
cation of the sliding average procediire including outlier rejection descrilied in [3]. According to  
the availahle data and the variations of t,he ZI-IR the following sampling periods and shifts were 
chose~i (Table 2) 

Table 2 - Intervals chosen for the calculation of the ZHR-profilc. The 
smallest resolvable structures are of the  order of 0005. 

2770 5-28205 
28205-28304 
283!4-28500 

The  resulting Z H R  profile is shown in  Figures 3 and 4 and the values are listed in Taljle 3 .  The 
given error bars correspond to the 6S% confidence interval of the average. 
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Figure 3 - ZHR profile of the 1992 Quadrantids derived from all sc l cc t rd  obser- 
vations for the entire activity pcriod (eq 2000.0). 
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Figure 4 - ZIIR profile of the 1992 Quadrantids around the activity maximum on 
January 4 UT. The  peak period coincided with the European morning 
hours, and most olwervers were active from midnight to  dawn. The 
observational material is therefore relatively homogeneous. 

The maximum of ZHR=145 occurred at Xo = 283015. This corresponds to 4h IJT on 4 January 
1992. From Am = 283'lO to Xa = 2 8 T 2 5  the ZIIR varies little and exceeds a value of 130. The 
decrease after the maximum is steeper than the increase before the maximum. A similar feature 
was also recently descrilwd for the Geminid shower [:3]. The peak is very narrow; its full width 
at half maximurn (FWIIM) is just AX0 = 006, or 14 hours. As seen from Figure 3, the ZIIR is 
of the order of the background activity roughly 14 hours before and after the peak (full width of 
the peak AX0 = 102, or 28 hours). From radar data a FWHM of AX,, = 0052 f 0007 has been 
found [5]. 

1 

4. Spatial number density profile 
111 [I], [a], and [ 3 ] ,  i t  was explained in  detail that the ZIrR profile neither represents the profile 
of the spatial niimber density nor the flux density along the cross-section of the stream as it is 
affected by human perception properties. First, the spatial number density of particles causing 
meteors of magnitude at least $6.5 absolute magnitude was calculated according to the method 
described in [l].  The result is shown i n  Figures 5 and 6. 

O L  1 

Figure 5 - Spatial number density of particles causing meteors of a t  least $6.5 ah- 
solitte magnitude per lo9 k i l l 3  (eq. 2000.0). Since the population intlcx 
T varies smoothly, the shape of the number density profile resenil)lcs 
the ZHR-profile very closely. 

278 0 279 0 280, 0 281 0 282, 0 283. 0 284, 0 285, 0 
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Figure 6 - Details of Figure 5 near maximum activity. This figure must be seen 
in connection with the  respective r.-profile and tlie detailpd ZIIR-curve 
for t l i ~  same period. 

The  peak density of these particles was observed about 0005 or l h 2  after the ZHR maximum. 
However, this conclusion depends on the reality of the increase of r towards the morning (highest 
radiant position in Europe), which was discussed above. The  peak dcnsity of smaller particles 
registered by radio techniques is reputed to occur several hours before the visual peak [GI. Ac- 
cording to the relationship 

771 = 40 - 2.510g (2.732 x 10*0h10.g2~3'g1 1 
given in [7], the absolute magnitude m = SG.5 corresponds to  a particle mass M = 0.22 mg for 
the Quadrantid meteoroids entering the Earth's atmosphere at t~ = 41 km/s.  

To show the profile for larger particles, the spatial number density for particles causing meteors 
of at least +Om4 absolute magnitude was computed (Figure 7). According to the equation given 
above, a meteor of +0.4 corresponds to a particle of mass 100 mg. Instead of a peak there is 
a plateau of nearly constant density from A,, = 28300 to  A 0  = 283014, showing that during 
the entire period the number density of this particle population was roiighly constant. This is 
also consistent with radio observations of echoes longer than 8 s during the Quadrantids 1992, 
presented in  graphical form by Simek [8] at  the 1992 ZMC in Smolenice. 

- c + +  + -  + 

+ +  
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0. 4 

0 .  0 
282. 6 283. 0 283. 4 

Figure 7 - Spatial number density of particles causing meteors of at least 
$0.4 ahsolute magnitude per l o 9  k m 3  (eq. 2000.0). According 
to the equation cited in the text, the magnitude $0.4 for the 
Quadrantids corresponds to a particle mass of 100 mg. 

o.8L 
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Table 3 - Data calculated from the 1992 Qi~atlrantid return: ZfIR, population index r ,  mass index s ,  and number 
density of particks causing meteors of a t  least $6.5 ( p c  5 )  and a t  least $0.4 corresponding to about 100 mg 
(PO 4 ) .  The figiires pfi 5 and po 4 give the number of particles per 10’ k m 3 .  
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282.74 
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6.72 
6.77 
6.85 
6.69 
5.92 
6.07 
6.04 
5.97 
6.08 
6.07 
5.97 
6.11 
6.14 
6.23 
6.43 
6.45 
6.10 
6.11 
6.18 
6.00 
5.84 
6.40 
6.72 
6.95 
5.70 

ZIIR 

4.0 & 0.6 
3.5 f 0.8 
4.4 & 0.7 
5.7 f 0.7 

11.5 f 1.0 
45.6 i 14.9 
52.5 f 5.3 
66.0 f 6.9 
72.2 f 8.0 
92.7 f 12.6 

106.8 f 13.5 
131.9 f 4.5 
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133.3 f 5.1 
143.9 f 4.3 
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3.3 & 0.0 

PF.5 

44.1 f 16.4 
31.0f  11.3 
29.8 f 8.1 
34.6 f 7.4 
72.0 f 23.1 

139.8 f 73.4 
141.9 f 59.2 
161.3 f 68.0 
170.4 f 74.2 
203.6 & 83.7 
201.2 f 64.6 
233.7 f 98.2 
238.2 f 49.2 
256.2 f 48.3 
321.9 f 58.2 
365.4 f 67.6 
376.3 f 73.5 
368.5 f 115.3 
232.3 f 145.8 
225.7 f 153.5 
101.5 f 97.1 
114.1 f 88.3 

66.4 f 30.5 
63.4 f 24.7 
59.4 f 20.5 
25.5 f 11.6 

p0.4 

6.1 
4.8 
5.4 
6.6 

13.5 
36.2 
38.7 
45.7 
49.0 
60.1 
62.8 
74.5 
75.4 
79.4 
94.4 

102.2 
102.5 
101.1 
67.6 
65.7 
29.2 
28.1 
12.0 
10.9 

10 
4.3 

The  different shapes and maximum times of the ZIIR profile relative to  the spatial niimher 
density profiles for different masses result from the variation of tlie population index 1’. As 
already discussed, the spatial number density profiles are only as reliable as the profile of the 
population index. 

5 .  Comparison with previous returns 
It has been contended that the Quadrantids have a variable time and strength of maximum 
activity from year to year. However, previous analyses as well as model calculations [6,9,10] were 
based on the data  obtained by single ohservers or groups [ l l ]  or inrliviclual radar stations [la]. 
Also. general descriptions (e.g., [13]) refer to  siicli data  sets. Analyses of visual observations from 
only one site or country will certainly lead to this conclusion due to  tlie circumstances described 
in the Introduction. 

It is also possible that worldwide data  will give poor information concerning the peak of the 
stream. Imagine, for example, a peak occurring at about 15h TJT, i.e., daylight in  most parts of 
Europe. This corresponds to 10-l lh  local time (LT) on North Ainerica’s East Coast to  ahout 
7’’ LT on the West Coast so the peak will occur in daylight from there. For Japan this would 
correspond to approximately 2:jh LT which is 3 hours after the radiant reaches its lowest point 
and when it is at about 15’ elevation. For Asia and eastern Europe the period would also mark 
the t ime the radiant is a t  its lowest point. As a result, i n  this scenario only ohservers in Alaska 
and on Pacific Islands woiild see the maximum. 

From this example and for all the reasons listed i n  the Introduction, it is therefore quite excep- 
tional for the shower maximum to be monitorahle from one particular place iintler acceptable 
circumstances. The  largest observed rates of the sliower will vary greatly from year to year 
depending on the part of the activity profilc ohservable from a set location. 



104 WGN, the Jorirnal of the IhfO 21:3 (1993) 

For streams without considerahle variations i n  the activity profile it is possible to  clctcrmine an 
average profile by superposing data  from several years. But if tlie stream does vary in its activity 
profile from year to year, this method is hardly applicable. 

To study the average variations it is necessary to obtain a complete profile per year. Cknerally, 
this is only possible by means of global cooperation amongst meteor ohservers. But even now 
with the I440 and the evolution i t  has known, it is very difficult to obtain a reliable and complete 
activity profile for the Qiiatlrantitls diie to iinfavoralile circumstances. There will always be parts 
of the profile based on few ohscrvations. 

For the analysis of variations of the activity profile, only the reliable parts of the profiles of the 
individual years should lie nsed. 

The VMDB contains valuable Quadrantid data for 1986, 1987, 1989, 1990, and 1992. These 
data were analyzed, using the procedure applied to  the 1992 data. Only results which can be 
considered reliable are then compared amongst tlie different profiles. 

6. Population index 

Only for the 1992 return were there en01igh data  to obtain a profile of the population index. 

For tlie years before 1989, not a single value could be computed due to lack of data. In 1989 
and 1990, mostly European observers reported magnitude distributions. For these years, it  was 
possible to compute an average r-valne for the European observing window. The  result is shown 
in Table 4. 

Table 4 - Population indices r c o m p u t ~ d  from data of 1989 and 1990. 

As can be seen in Figiire 8, the values of 1989 and 1990 fit the 1992 profile very well. Therefore we 
suspect that the population index profile does not vary significantly from year to year. However, 
the amount of data for the years prior to 1992 is small, hence variations of the profile cannot be 
excluded. This also holds, of course, for longer-term variations. 

3. 2 

2 .  8 

E d - $ [  ; [ I 
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283, 0 283 .  4 

2 , 0 j  
2 8 2 ,  6 

Figiire 8 - Values of the popiilation intlex T obtained from data of different 
years (crosses for 1989, squares for 1980, and pluses for 1992). 
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7. ZHR profile 

To avoid systematic errors introduced by large and uncertain correction factors, only ZTIRs 
corresponding to  a radiant elevation greater than 20' and a limiting magnitude better than 5.0 
were computed. 

The  ZHR profile was computed without perception correction by applying the sliding average 
procedure [3] including outlier rejection. The  sampling period was 0?2 shifted by 001. The 
profiles of the individual years are shown in Figures 9-13. 

To filter out the reliable parts of the individual profiles, an objective measure for the reliability 
of the individual data points has to he found. If a particular data point is based on the average 
of only a few observations, the standard deviation of the average is not a suitahle measure for 
reliallility. The  reliability of an average ZHR value increases with the number of contributing 
observers, their effective observing time, limiting magnitude, and radiant elevation. If we divide 
the total number of meteors N from wliich a mean ZHR was calculated by this average, we get 
the equivalent effective ohserving t ime Teq during which an observer with limiting magnitude 
6.5 and the radiant at tlie zenith had to  watch to obtain the same results: 

The  quantity Teq is a suitable measure for the reliability of an average ZHR. If, for instance, one 
observer observes for 1 hour wi th  a limiting magnitude of 6.5 and 30' radiant elevation, his Teq 
is 0.5 hours, since the zenith correction factor C, equals 2. In the same manner, Teq is reduced 
if tlie limiting magnitude is less than 6.5. Figures 9113 show Teq for every data poiiit. 

2 8 2 . 0  282.  4  282,  8  283.  2  283.  6 284.  0 

10 

282 0 282 4 282 8 2 8 3  2 

+. 

+ 

+ 

285. 6 284.  0 

Figure 9 - ZHR profile of the 1986 Quadrantids ( l e f l ) .  In the adjacent diagram (rzght), Teq is shown for each of 
the ZHRs displayed in the profile. Only a few observations were available. 

282,  0 282.  4 282.  8 283,  2 283,  6 284,  0 

Figure 10 -Same as Figure 9 ,  for the 1987 Quadrantids. In this case, there is good observational data around 
the peak. 



106 R'GN, the Journal of the IMO 21:3 (1993) 

140 

120 

100 

6 0  

6 0  

4 0  

20 

0' 

Figure 11 -Same as Figure 9,  for t,he 1989 Quatirant,ids. The period is covered with good data. 
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Figure 12 -Same as Figurp 9, for the 1990 Quadrantids 
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Figure 13 -Same as Figure 9, for the 1992 Qiiadrantids. The quality of the 1992 analysis becomes ohvious. Note 
the different, scale of the ordinate axis. 

To consider a data point reliable, a miniInllm Teq of 4 lioiirs was chosen. All da ta  points based 
on Teq > 4 hours were plotted i n  Figure 14. This figure contains the reliahle parts of tlie ZHR 
profiles of the individual years that  can be compared. 

It is quite obvious that  the parts of the 1989 profile are shifted by ahout 0015 against the 
profiles of the other years. This implies that  also tlie maximum of the 1989 profile, which was 
insufficiently documented by observations, may have occurred later than in the other years. 

For other years there is no obvious shift, but small offsets AX0 < 001 cannot be excliiclecl. 

In years where the maximiim period = 2S300 to An = 2830225 was sufficiently covered by 
observations (1987, 1992) the maximum ZHR reaches about 140. In 19S9 and 1990 the peak 
rates were about 80, hut this is based 011 very little Teq. It  is possible that  a difference of this 
order is caused by systematic effects introduced by too little observational data.  More likely, the 
maximum ZHR was in fact lower in 1989 and 1990 than in 19S7 and 199'2. 
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Figure 14 -Rclialile ZIIR values (Teq > 4 hours) from different years superposed in 
one diagram define an “average activity profile” for the period 1986-1982. 

For 1990, there is a strong indication that tlie peak ZHR was considerably lower than in 1992. 
Figure 14 does not sliow an offset i n  solar longitiide between the 1990 and 1992 profiles. The  
1990 ZlIR values for A 0  = 282075 and A@ = 28303, however, are only about 1ialf that of the 
corresponding 1992 ZITRs. Similar differences of the peak ZHR hetween 70 and 190 are reported 
from other analyses siimmarized in [ l l ]  and [13]. Bearing in mind the restrictions inherent in 
gathering data  from one site, these results shoiild be checked carefully before using them for 
furt 11 er analysis. 

Finally, it can be concluded that there is certainly an offset in solar longitude of the ZHR profile 
between different years and probably a variation of the maxiinnm ZFIR. 

Quadrantid maxima of different activity have been reported i n  the past [14,11,9]. Old ohser- 
vations rarely allow the calculation of rates comparable to our ZFIR. Prentice [14] reduced the 
rates for zenith position of tlie radiant applying a factor sin(h + 6’) with h the  radiant elevation. 
In the case of low radiant position this tends to undercorrect the rates. However, no correction 
for the limiting magnitude was done in his work. As the rates are based on single observations 
(Table 5 ) ,  they possibly do not represent tlie maximum. The  average in other years listed in 
[14] is al)oiit 45.  Therefore, the value ZHR = 79 in 1922 should be regarded as a high rate. In 
Table 5 ,  we siirnmarize all activity peaks which likely showed enhancements. 

Table 5 - Quadrantid maxima with higher than average activity. In the  case of summarized ob- 
servations, the radiant elevation h refers to an average valiie for the period of the peak. 
Otherwise, the elevation is given according to the source cited. For the applied correction, 
see the explanations in the text.  

120 min;  A.S .  Herschel [I41 
70 min; P.M. Ryves [I41 
70 min;  F.JV. Denning [14] 

105 ohservers in U K  and 11s [ I l l  
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Let us consider the returns of 1864, 1909, and 1922 [14], as well as the returns of 1965 and 1970 
[15], all of which showed higher than normal activity. Furthermore we may add tlie returns of 
1987 and 1992 to the list from this study. Going back in time, the “high peaks” back to 1922 
can be fitted with each other using the mean orliital period of the Quadrantid shower of 5.38 
years [16] or 5.36 years 151. This is not the case for the 1909 peak, and also the 1864 peak does 
not fit well with this period, but would do so with a slightly shorter one. 

With an aphelion distance for the average Quadrantids of 5.7 AU, being very close to .Jupiter’s 
orbit (5.2 AU), the orbit of the Quadrantids is closely tied to  that of Jupiter. Therefore, con- 
siderable changes in the shower may occur over a period of nearly 130 years. 

8. Conclusions 

In our study, we find a smooth profile of t he  population index T of the Quadrantids. Before 
and after the rnaxirnnm period it resembles the value of the sporadic meteors. The  lowest value 
of T = 2.1 occurs when tlie peak activity level is reached. Additionally, we find an increase of 
the population index T during the night of the activity maximum. This is probably not a real 
characteristic of the shower, but an effect resulting from changing entry angles. The  peak was 
covered by European observers. During their observational period the elevation of the radiant 
steadily increased. Therefore, the increase in r from 2.1 to 2.4 within 6 hours should be regarded 
as an artifact. 

The  maximum values of the ZHR and numl3er density curves derived from the Quadrantids 1992 
show nearly no effects of mass segregation. The  peaks for fainter meteors (rn 5 6.5) and brighter 
meteors (rn 5 0.4) occur a t  nearly the same time, while Simek’s [9] figlire shows that  the number 
of radar echoes of 1 s 5 T 8 s duration is the highest about AX0 = 0?3 earlier than for echoes 
of T > 8 s. 

The  Quadrantid peak is very iiarrow. Its FWHhl is AX0 = 006 or 14 hours. The  activity reaches 
the level of backgroiind activity about 14 hours before and after the peak. 

When comparing activity profiles of earlier returns obtained from data  representing a restricted 
longitude range, these da ta  must be checked very carefully because of the widely varying obser- 
vational circumstances of the returns. Analyses of global da ta  from 1986 to  1992 show that  an 
offset of the peak in solar longitude may occur. As well, different peak activity levels seem to 
have occurred in the past as well as in some recent returns. Although such data  should be treated 
with caution, there is a possible connection with the mean orbital period of the Quandrantids 
of 5.38 years. 

Observations of the Quadrantids require global cooperation, since the crossing of the central part 
of the stream happens within ahout 14 hours. Recause of possible time shifts of the peak, all 
observers should be alerted i n  order to obtain suficient da t a  from sites with radiant clevations 
greater than 20”. 
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ne? 
Joe Rao 
The  chance of a very significant, if not substantial display of Perseid meteors may occur in 1993. For the first 
time since the Leonids of 1966, there exists a very real prospect of a full-fledged “dorm” of meteors occurring, 
thanks mainly to  the recent return of the Perseitls parent comet, P/Swift-Tuttle. The anomalously high Perseid 
activity noted over the Far East antl Asia in 1991 and 1992 seemingly heralded P/Swift-Tuttle’s arrival, and may 
be heralding a truly stupendous shower for 1993. 
The author proposes that ,  unlike the previously accepted concept of the Perseids as an evenly distributed stream, 
a dense concentration of meteoric material accompanies €‘/Swift-Tuttle in its orbit. In  addition, he demonstrates 
that the orliits of Earth and this comet have drawn closer to each other by more than 0.022 AU since the early 
18th century; i t  is also noted that after 1737, likely due to  planetary perturbations and non-gravitational forces, 
the comet experienced a dramatic shift inward toward the Son a t  its perihelion point. This is confirmed by way 
of presenting a list of previous possible apparitions dating backwards i n  time, to the ninth century A.D.  
A prediction for a possible ‘%iirst” of Perseid activity is attempted: tlie Earth will follow €‘/Swift-Tuttle to the 
descending node by jus t  under 224 days antl the distance between the Earth and comet orbits is only 0.00094 
AU with the Earth passing inside the comet’s orbit. If the particles follow the comet’s orbit exactly, the shower 
maximum should occur on August 12 052, 1993. This highly favors Europe, and might allow high Perseid activity 
to be detected as far west as the Canadian Maritimes and the IJnited States East Coast. However, observers are 
cautioned that the behavior of the peaks in 1991 antl 1992 w i t h  respect to the comet’s nodal longitude suggest 
that the 1993 peak may actually occur  closer to August 11.932. 
A look back a t  Perseid activity at P/Swift-Tiittle’s last visit i n  1861-1863 suggests unusually high Perseid rates, 
with the “suggestion” that the  1863 display may have approached the level of a meteor storm The  aiithor makes 
a comment (based solely on the Perseid observations made in 1991 and 1902) that peak activity in 1993 is not 
likely to last more than one hour, adding that the geometry between the Sun, Earth and comet in 1993 seemingly 
favors an even greater enhancement of Perseid acticity than what was seen in 1863. Orbital similarities between 
the great Leonitl storm of 1833 and the iipcoming situation for the 1993 Perseids are brought to light. The 
intrinsic brightness for P/Swift-Tuttle and other storrn-producing comets are compared. 
Finally, a very rare phenomenon (possibly similar in nature to the Zodiacal Light) is briefly discussed: the 
prospect of actually detecting the particles prodiicirig the Perseid stream in interplanetary space just  prior to  or 
just after encountering the Earth. 

For those who have a particular interest i i i  meteor observing, there has been a keen sense of 
anticipation as we moved into the decade of the 1990s. For many years, hopes have heen high 
that before the end of this decade, Earth woiild lie treated to  a stuperidoiis “storm” of meteors; 
the entire sky becoming ahlaze with a celestial pyrotechnics display. Such an extremely rare 
conflagration of Solar System debris can only occur after our Earth makes a close approach to  a 
passing comet. As a cornet nears the Sun. tiny particles are shed from its nucleus. Thus its orbit 
is not an imaginary path tlirongh space like Eartli’s, but a continuous “river of diist” moving 
in the same direction as tlie cornet. Each time Earth crosses one of these diist rivers, i t  collides 
with millions of tiny orhitirig particles that  have been released into space in the wake of their 
parent cornet 

Observers viewing a collision bctween tlie Earth and a tiiiy comet particle will typically see a 
fast-moving streak of light i n  the night sky-a ‘.shooting star.” hleteor streams contain such 
particles (meteoroids) traveling in roughly parallel orbits. arid the collision of many particles 
with the Earth’s atmosphere causes a meteor shower. There are about a dozen anriiial meteor 
showers (tens of meteors per hour), and  hiindreds of minor ones (mostly so weak tha t  the word 
“shower” is a great exaggeration). It n.ould seem that in these cases that the parent comets 
disintegrated into meteor strcarns eons ago, and the streams themselves have almost conipletely 
diffused into space, making them hardly distinguishalile from sporadic meteors. 
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Then there are the meteor storms. 

On these very rare occasions, large niimbers (thousands) of meteors are seen in a very short 
interval of t i m e . .  . a few hours or less. Yet, even in such a meteor storm, the individual mete- 
oroids are at least 30 kilometers apart i n  space. Meteor storms are made of particles that are 
still mainly bunched-up or cliimped together near the parent comet, while the annual showers 
have an even spread of particles along an orhit which the Earth intersects at least once a year. 
The last time such a grand display occurred was in November of 1966, when the Leoiiid meteors 
put on one of the greatest displays i n  history, with maximum rates for the West Coast of North 
America briefly attaining 2400 meteors per minute, or 144 000 per hour! The comet from which 
the Leonids are derived (1965 IV P/Tempel-Tuttle) has a period of about 33 years and is due to 
return to the vicinity of the Sun in late February, 1998. Thus it would seem that another great 
meteor storm will become increasingly possible as we progress toward the years 1998 or 1999. 

However, i t  now appears that  we might not have to wait that  long for a chance at seeing siich a 
magnificent spectacle. A n  interesting opportunity could present itself to us in this current year 
of 1993. It is not the Leonids, however, that  may bring us this storm of meteors. For this year’s 
potential sky spectacular comes from what only a few years ago would have been considered to 
be a completely unexpected source, namely the annual Perseid meteors of August. 

Astronomy books and reference texts often refer to  the contrasts between the Leonids and the 
Perseids. The Leonids are usiially dcfined as a periodic stream of which the Earth crosses the 
main “clump” of meteoric material every 3 3  years and causes shooting stars to  come raining 
down from the starry sky in a meteor storm. As for the Perseitls, here is an example of a 
“typical” definition taken from the 1971 edition of the Encyclopedia Brittanica: 

In the  case of the Pcrseid shower . . . t h e  dispersion (of particles) around the orbit is 
so complete t h a t  n o  evidcnce of long  term periodicity can be f o u n d .  

Such a widely accepted categorization for the Perseid shower has only recently changed. This 
annual display, which has always been considered to be an excellent example of fairly reliable 
and steady meteor stream has, over the past two years, given strong signals that an impending 
meteor storm may indeed be brewing. I n  1991, a surprising “burst” of Perseid activity was noted 
by amateurs i n  Japan.  Some estimations placed the hourly rate in excess of 450. Then, in 1992, 
despite the bright light of a nearly Full Moon and generally unfavorable weather conditions, sky 
watchers in the Orient and across Asia again saw another striking Perseid shower. Even where 
skies were cloudy and hazy, came reports of brilliant fireballs appearing like small moons flying 
behind the cloiids, or lightning Jflashiug durang a storm. 

This unprecedented biirst of activity was ending as darkness fell on Europe, biit even amateurs 
as far away as the Netherlancls reported Perseids, despite bright evening twilight, that rivaled 
Venus, and accompanied by luminoiis trains lasting for many seconds. 

2. The theory of orbit closure 

It is well documented that the progeni tor of the Perseid meteors, P/Swift-Tuttle, has played a 
significant role in the recent increase in Perseid activity seen diiring the past two years. The hunt 
for and the eventual recovery of this comet by .Japanese amateur Tsuruliiko Kiuchi on September 
26 of last year, lirought to a close one of the most interesting chapters in the recent annals of 
cometary astronomy. But of greater interest now is how the comet’s recent passage throiigh the 
inner Solar System will affect the 1993 Perseids. In  many ways, the recovery of P/Swift-Tuttle 
was the final missing piece i n  the puzzle that had heen developing over recent years surrounding 
the Perseid stream (Figure 1).  \Vhereas the material responsihle for producing the traditional 
Perseid showers has been ‘‘laid clo\i71~11” over liundseds and thoiisands of years, this new brief, 
sharp maximum is likely being caused by a very localized region of particles, far more thickly 
clustered together and in thc immediate viciiiity of the comet (Figure 2). 
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Figure 1 - The orbits of the Perseid meteor stream as determined by radio-echo observations 
compared with the orbit of Comet P/Swift-Tuttle. Projection is on the plane of the 
comet’s orbit. Diagram from M e t e o r  As fronomy by A.C.B. Love11 (1954). 

/’ 
/ 

\ 

Figure 2 - A l  left, meteoroids are strung out uniformly in their orbit; u2 right, a meteoroid swarm “hiinched 
up.” Diagram from Meteors  a n d  Meleoroids  by David C. Knight (1969). 

When this new feature first began to be recognized i n  1988, it was virtually indistinguishable from 
the “traditional” maximum, but since 1991, as the comet approached, we have entered a region 
of particles, that  has only been very recently ejectecl-perhaps no more than two revoliitions ago. 
It is obvious that this material is less dispersed and richer in  larger particles. As was noted near 
the beginning of this article, the original concept was that this material was evenly spread-out 
across the comet’s orbit. 
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However, now there is a reason to lielieve that ,  i n  the same manner as the Leonids’ parent 
comet, there is a tremencloiis concentration or (‘knot” of cosmic debris that  is accompanying 
P/Swift-Tuttle as it moves aroiind the Sun. This knot had been “masked” from our view for 
all these years simply because the Earth never fully encountered it. Calculations that I made 
in June of last year, and confirmed hy Dr. Brian G. Marsden of the Smithsonian Astrophysical 
Observatory in Cambridge, Massachusetts, indicates that  the distance between the orbit of Earth 
and P/Swift-Tuttle have drawn closer together over the past two centuries. 
In fact, according to  another orbital expert, Dr. Donald K. Yeomans of the .Jet Propulsion 
Laboratory in Pasadena, California, the orbits are presently separated by a mere 0.00094 AU 
(140000 km) at the descending node, compared to  0.005 A U  in the 19th and 0.023 AU in the 
18th century. This, I feel, is the key to why there are no records that exist of any remarkable 
Perseid showers in  the 18th century, while there were indeed spectacular displays during the 
1861 to  1863 time span-the years that  surround the previous apparition of P/Swift-Tuttle. 
Earth probably grazed a portion of that  thick concentration of material during 1861-1863. In 
the current situation, with the near-coincideiice of the two orbits separated by less than 0.001 
AU,  it becomes obvious that Earth is now i n  the process of passing almost directly through this 
fresh “knot” of material during 1992-1993. Incidentally, at the next return of the comet i n  July 
2126, the Earth-comet orbit separation (according to  Dr. Marsden) will actually become very 
slightly larger a t  0.003 AU. 

Figure 3 - T h e  relative proximity (to scale) of the Earth-h‘Ioon system, compared to Comet P/Swift-Tuttle at 
the descending node of the comet’s orbit for its three most recent apparitions. Note that  in 1908, the 
comet’s orbit is more than 2.5 times nearer to Earth than i s  the orhit of the Moon. Circular stippled 
areas indicate the approximate linear diameter of the comet’s coma. 
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It should be stressed that the current configuration between Earth and P/Swift-Tuttle is quite 
unique--at least over this past millenniiirn (Figure 3). In Novemher, 1992, at my request, 
Dr. Marsden kindly supplied past perihelion dates and perihelion distances of Comet P/Swift- 
Tuttle going back to the year 826 A.D. While it is likely that orbital elements of this cornet for 
earlier possible returns will l ~ ~ o m e  increasiIigly refined with the passage of time, these rough 
data provided by Dr. Marsden (summarized in Table 1) indicate that  through eight revolutions 
of P/Swift-Tuttle from 826 A.D. to 1737 A.D., the perihelion distance varied little from an 
average of 0.975 AU. As a result of this, the  separation between the orbits of Earth and comet 
also changed little; my own rough calculations show an average separation of about 0.02 AU. 
Apparently, after the 1737 apparition, a significant shift in the comet’s orbit inward toward the 
Sun occurred, leading to the closure of tlic separation between Earth and comet. 

In fact, the perihelion distance of P/Swift-Tuttle shrank from a maxirnum of 0.9800 ATJ i n  1737, 
to 0.9627 AU i n  1862 down to the current r-ninimum of 0.9582 AU in 1992.T 

Table 1 - Changes in perihelion distance of P/Swift- 
Ti1 t t le. 

Perihelion date 

826, April 
950, April 

1079, Septemhes 
1212, November 
1348, May 
1479, October 
1610, February 
1737, June  
1862, August 
1992, December 

Perihelion distance 

0.977 AU 
0.976 AU 
0.972 AIJ 
0.974 AU 
0.975 A U  
0.970 A17 
0.977 AU 
0.980 AU 
0.963 AlJ  
0.958 AU 

3. When and where will the  Persei urst” in 1993? 

What part  of tlie Earth will be most favored to see another potential “lwrst” of Perseid activity 
in 1993? The calculation is simple enough, provided one knoivs exactly the plane of the orbit 
of the meteors, for the encoiinter must take place a t  the moment when the Earth crosses that 
plane ( the descending node). 

If we suppose that they are moving in the same plane as ?/Swift-Tuttle, then we shoiild reach 
tlie Perseid Inaxiinunn as we cross the orbital plane of the comet on Angust 12, at 1”15’” UT. 
This woiild favor all of Europe and might even Include a part of eastern North America where 
darkness will be  falling during the early evening of August 11 (Figure 4) .  The  trouble with this 
prediction is that the main mcteor swarm has apparently been shifting slightly in its position 
relative to  the  orbital plane of t l ie  romet. The 1992 shower occurred very nearly at the moment 
the Earth crossed the plane of the comet’s orbit and a lmi t  4.5 months (141 days) ahead of the 
comet itself. 

But the 1991 shower occurred allout 0.1 day later (see Talile 2). Does this mean that, by 
virtue of simple extrapolation, the 1993 shower will come about 0.1 (lay earlier than when 
Earth crosses the comet plane? Perhaps August 11, near 2%h20m UT, will be  when the greatest 
concentration of meteoroids will be encoimtered. This will he 8.5 mont,hs (almost 224 clays) 
behind the comet. If so, then Europe woiild still be i n  a fine position, as well as portions of 
western Asia. TJnfortiinatcly, an earlier arrjval time means tlie burst ivoiilcl occur diiring the 
afternoon h o l m  for North America. 
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Earth at node 

1991 Aug 12, 1Rh31m IJT 
1992 Aiig 11. 1gh2Grn UT 

1993 Aug 12,  Olh1Sm IJT 
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I 
hfaximum Difference Cornet from node 

Aug 12,  1 G h 2 P  IJT +2h51m -506.5 days 
Ang 11, 1gh24”’ U T  -Oh02” -141.4 days 

Aug 11, 22h22m ITT -2h33m +223.7 days 

Figure 4 - Roiindary lines depicting where nautical and astronomical twi- 
light will be ending in the US and Canada at the moment that  
Earth is passing through the descending node of Comet P/Swift- 
Tuttie (Augiist 12 a t  lh1sm UT = August 11 at 21h15m EDT). 
To the left of the “nautical twilight ends” line, the sky will likely 
be too bright to make any meanirigfd oliservations, while over 
the central and western portion of North America, the Sun will  
still be above the horizon. Diagram by J Rao. 

Table 2 - Observed and forecast data for the 1991, 1992, and 1993 outbursts 

4. What t o  expect 

Weather forecasters sometimes find it iisefd to stitdy a past large-scale synoptic weather pattern 
which resembles a current situation i n  its essential characteristics. (llJr. Rclo is n meteorologist, 
Ed.) Such is called an ..analog,” and its use is hased upon the assumption tha t  two similar 
synoptic weat her patterns-an i n  tense storm, for example-will retain some siniilari ty through 
a t  least a short period of fiirther developrntnt. This haviiig been said. is i t  possible to “analog” 
a potential meteor storni? 





If we look back to the hchavior of tlie Perseids in  the years surroiinding tlie previous apparition 
of P/Swift-Tiittle, it  is found that reports of exceptional Perseid displays were seen in 1861 
an 1862, mainly from the Far East. This situation is quite similar to what thiis far has heen 
observed in the current apparition for 1991 and 1992. And if what  happens in 1993 is anything 
like what happened i n  1863, then a very exciting event may lie i i i  store for those fortunate to 
be gazing skyward at the right time from the right place. 

The assiduous meteor observer William F. Denning referred to 1863 as a year with three to four  
times the normal Pcrseid rates. Later, i n  1872, another noted observer, Alexander S. Herschel, 
in making notations concerning the Andromedid meteor storm of that year (Figure 5 ) ,  made 
favorable comparisons to two other great shooting star showers: the Leonids of November 1866 
and the  marked maxzmiini of tlie Perseid sliower in 1863. Herschel apparently thought enoiigh 
of the 1863 Perseids to put it i n  the same league wi th  two legitimate meteor storms! 

Interestingly, however, i t  also appears that very different degrees of meteor activity were reported 
from places not very far apart on a g l o l d  scale. This phenomenon has also been noted with the 
recent Perseid showers of I991 and 1992. Perhaps this is an effect ciiie to very localized filaments 
of intense activity. Incleed, in the case of a “stor~ii” situation, it will be very important to try to 
judge to the nearest miniite when the heaviest activity takes place i n  your area so that a reliable 
comparison can lie niatle wi th  other. locations. 

As for the d imt ion ,  if a storm does indeed materialize, it woiilcl be very surprising if it lasted 
more than an hour. This was tlie case during the heavy Perseid showers of the last two years. 
Indications are t h a t  the most intense activity exceeded half the maximum for only ahout 60 
minutes. A simple calciilatioii, based on the Earth’s orbital speed and the angle at which it 
intersects the Perseid stream indicatcs that the width of this stream amounts to approximately 
65 000 km,  the width  of the part that  contains the greatest concentration of meteoroids. 

In 1993, we will he closer to tlie comet than in 1863: about 223 days past the nodal crossing 
point as compared to 332. Also, as previoiisly noted, the orbital distance between the Earth and 
P/Swift-Tuttle is noticeably sma:ler hy some 607 000 kilometers. 

Most intriguing of all, tlie orbital geometry bet,ween the Earth antl Comet P/Swift-Tuttle for 
August 11-12, 1993, is somewhat similar to the conditions that lead to the legendary Leonid 
storm of November 13, 1833 (Figure 6)! On that  occasion, the orhital separation ?>etween the 
Earth and Comet P/Tempel-Tiittle was on the sanie order of magnitude as now (0.0013 AU),  
with the Earth followiiig the Leonitl comet to the nodal crossing point by aboiit 308 days. (The 
Leonids however, are chiefly on the inside o€ the  Earth’s orbit, whereas the Perseids are on the 
outside.) 

And among the comets t h a t  are still “iiitact” and producing meteor showers, P/Swift-Tuttle 
is intrinsically one of the brightest (along with P/EIalley and P/Thatcher) by far. Using the 
old 1110 system in which one can compare comets’ relative brightnesses at 1 AT’ from the Sun, 
comet expert John E. Wortle provides absolute magnitude values of $4.5 for P/Swift-Tuttle, as 
compared t o  +9.5 for P/~:iacobini-Zinner (Draconids) and a possihly overly-optimistic $9.0 for 
the Leonids’ P/Tempcl-Tiit tle. The famous Andromedid storms of coiirse, were produced by the 
pulverized remains of P/Ricla, which was torn apart in 1846 and Lvliich has failed to reappear 
since 1852. In regard to P/Swift-Trittle, Wortle also notes that i t  is four  t o  t e n  times brighter 
than  the average long-periodic comet. 

Such a comet could certainly be considered a prodigious dust-prodiicer and  indeed in early 
November of 1992, o1)senratisns using the International Ultraviolet Explorer satellite, indicated 
a gas-to-dust ratio slightly higher t h a n  P/Halley and higher than  most comets. It is quite 
possible to expect that ,  in view of the very sinall distance Iictween the Eartli’s and comet’s 
orbit, we may very well ei1coutiter drist that was released as recentlv a?  1737, antl “maybe” even 
in 1862! 



Finally, as if the chan eiiough, the kerseid st'ream m a y  actually 
become visible in intcrp ii sunlight! In  1978, W..J, Baggaley 
of the University of Car ttent,ion to j i i s t  siich a ciirious phe- 
nomenon tha.t has atter T T S ?  s u c h  as t,he 1866 Leonicls and the 
1 8 7 2 A n d r om e d i d s . 'T h i  be^ of observtirs? consist,s of a faint, 
diffuse glow of the riigl e nneieoroicl particles. During the 
great Leonid display of ensively observed in Great Britain 
in clear, moonless skies iow i n  the sky that was likened to 
an aurora with an ahse? s spotless and magnetic records at  
Greenw i cli indi cat ecl ve brrted ihe giow's cause to sunliglit 
scattered from fine met 

My calculations inclicat 

of Algol. T h e  receding 
Triatigulum Australe, on the opposite sitie CI! 
of the stream, this effect may no?, last, ~ I ~ G I T  t,liai; 

mi in  i t s  orbit. 

thr011gl1 the plane of the comet's 
glow roiighly 10' to the south 

in the soiithern constellattion of 
s i .  of the afciwmentioned narrowness 



WGN, tlie Journal of t l i ~  IMO 21:3 (19.93) 119 

5 .  Conclusion 
In their book Observe AMctcors, David Levy and Steplien Eclbcrg comment that ,  to actually 
witness a meteor storm. must be a supreme h o n o r  accorded to people who groce this planet. 
Indeed, such a sight rniglit he among the rarest and most dramatic of astronomical sights that 
an amateur may ever hope to observe. A “potential opportunity” to see one first-hand might 
come along perhaps only two or three times during one’s life, and even then, there are no 
guarantees that the hoped-for spectacle will come off. One of those “potential opportunities” 
will be presented to us this year on the night of August 11-12. Indced, even Dr. hlarsden, who, 
by his own admission, tries to avoid making predictions on meteor showers, thinks that this 
year’s circumstances makes the possibility of a great shower worthy of mention: If  we do not 
get great Perseids this year,  we shall never ge t  them! Although it appears that Europe will have 
the ringside seats for this hoped-for event, ohservers in all parts of the world should still be on 
high alert and keep a careful watch. It could truly be a night to remember. 
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Editorial postscript: 
We would likt to add a fciii comn,e?tts to the exccllcnt a n d  c o m p r ~ h e n a i v e  outlook on a possible 
major Perseid outburst g i u t n  a b o w  by Joe Rno: 

1. h1r. Rao does not mention that  a study by Dr. Yeomans o n  comet k/Temprl-Tuttle (parent 
body of t h e  Leon ids )  and  other work o n  P/Giacobirri-Ziniier (Gincobinids or Draconids) 
point out that t h e  largest d u s t  concentration is behind the comet, a n d  ir ideed Leonid a i d  
Drnconid storms h a v e  aluiays occurred a f ter  the pas.sage of the parent comet. Of course 
it is dangerous to  gpneralize f r o m  so small a sample) but if t h e  situation is  similar f o r  
P/,Swift-Tiiftlcj u ie  hai7e a n  extra nrgument to  expect enhanced activity. 

2. M r .  Rao discusses the t i m e  o fma.r imum activity (aroiiud l h  UT i f  coinciding with the Earth 
passing t h e  comet’s dcsceiiding node)  a n d  svgge.st.s tha t  it might occur up t o  3 hours earlier 
i f  the shift from 1991 to 1992 urill have  continiied. W e  think O T ~ E  should bc very careful with 
such considerations. I f  is by ‘110 means certain that the outbursts in 19.91 a n d  1992 were 
caused by t h e  same fi/ame?it! As  m e t e o r  slorms ~isually occur n r a r  t h e  parent comet’s node, 
we favor l h  lJT a s  the most likely t ime of maximum. 

3. However, it is by n o  rnmiis c e r f n i n  thnt t h f  1.993 Prrseid activity u d l  be characterizrd by 
a unique, sharp peak.  I n  comparison uiith great nietcor storms in  t h e  p a s t  siich as t h e  1833 
Leonids, it milst be noticfd t h a t  i i 4 i l e  storm actiuify i.s ~ i s i i a l l y  of very short duration, highly 
increased a c t i u i f y  is around rliiring a much lo~ iger  period, even  up to a few days in extreme 
cases. I n  this respcct, i t  should be notcd t h a t  / h e  j e u i  accou~z1.s we have on t h c  1863 Perseids 
do  not specify a particular t ime,  suggcsting t h e  act t y  iiws nround f o r  mo.st of the night. 
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I f  is therefore ae ry  p .s,<iblc t h a t  high19 zncreased activity u d l  be present during t h e  entire 
night of maxzmuna, a d e v c n  durang fhe  nayht before and after, a n d  t h a t  during t h e  night of 
maximum the Earth may or may not p a s s  through one or sever01 w r y  dense filnments caus- 
ing short storm-like oufbursts. While t h e  grcalest  possibility f o r  t h e  Earth to pass  through 
such a filament will occiir a r o i m i  I h  UT, this m~ghi newrthcless happen earlier or latcr, 
or  even several t imes,  o r  not at all. I t  as therefore necessary to  be on alert the d i r e  night 
of maximum as uiell as t h e  nights before and af ter  to obtain a comprehensive picture of the 
1993 Perseids’ behavior a n d  t o  m a k e  sure not t o  miss anything major! 

Finally, we shoiild like to poznt out  the apparent dissimilarity in the dust distributions 
present about P/Tempel- T i d e  a n d  P/Giacobi.riz-Ziniier in  mnkzng comparisons with the 
Perseids. While the dust docs lag temporolly bchzizd both comets, in the case of the Leonids 
there is little doubt t h e  highest dust  conceritration is spatially outside the comet’s orbit, 
while f o r  the October Draconids, the 1933 a n d  1946 storms occurred with the Earth inside 
the comet’s orbit. I t  zs also ~ ~ o t e ~ ~ ) o r ~ ~ ~ y  that  there uias a t i m e  between 1966 a n d  now when 
another meteor s torm stenzed amminent: Octobcr 9, 197.2~ On that d a t e ,  the circumstances 
of encounter uiiil) t h e  Draconzd stream iiiere d i s c u s s ~ d  in much the same way as  the 1993 
Perseids; the t ime af ter  t h f  comci.5 pnssngc was only 59 d n y s  a n d  t h e  distance between the 
Earth’s orbit and t h e  comets i i i a s  only 0. OO?{ AlJ, eiien smal lcr  than the 1993 encounter 
parameters with thc  orbit of P/Suiift- Tuif ~ The nctivaty urns monitored both on the ground 
and b y  p lane  an 1,979 a n d  reached only ~ ~ ~ ~ ~ ~ ~ t ~ y  elevated levels. The key appears to have 
been t h a t  t h e  Eai-th pns.5cd o ~ i t ~ ~ i d t ?  the comet % o r b ~ t ,  while t h e  d u s t  nppears to preferentially 
evoloe anside ~iacobini-Za?iner’.s orbit. 

The key question, then, is where docs /he dust Evolve to about P/,Suitft- Tiittle? I t  is presently 
a n  unanswerable quest ion a n d  so a ~ ~ ~ ~ t ~ i i 9 i g  mzghi happen ihis August, b u t  considcr this fact; 
P/Surift-Tiittle has h a d  a n  orbie outs ide t h e  Earth’s for more t h a n  a mzllennium and ye t ,  
except f o r  the uncertaiiily high levels in 1861-1863, only t h e  passage in 826 had very high 
activity noted within a dccade o f t h e  con s perzhclzon t i m e .  The other  7perihelion passages 
show no sign of markEd actiuzty increases in the ancaerit records, though incrmsed activity 
of streams such as th t  Leonids arc ertrnsivcly documented. 

I n  uiew of this miacd eil idencc we can only  repetzt what Paul Roggemnns said elsewhere in this 
issue: it would be foolish not t o  preparefo?- sform-like activity or not to  point the attention of the 
mcdia to thas distinct ~ o s s i b ~ ~ ~ ~ y ,  b u t  at  the same t i m e  we siiodd remain cautious and make clear 
to everybody that meteor d o r m s  cn17not be pr td ic f fd .  Even if storm-like activity does not occur, 
uw should not be too d i ~ s a ~ ~ ? o i i ~ t e d  f o r j  iLftcr all, this uiould only  coTifirni houi littlc we actually 
knoui about the supposedly bcst-knoirv~ n7 efeor shower and emphasize t h e  need for  much more 
ext ensive o bservat ions. 

Another point which h a s  ye t  to  b f  made is t h e  archiving of ohseraations should a meteor s torm 
occur. I t  is most important t h a t  obscrucrs k w p  special track of the data  they collect, both iisually 
a n d  p h o t o ~ r a p h i ~ a ~ l y  as t h e s e  will possibly be th? subject f o r  scrutiny f o r  many years to  come. 
So do not let the 199.3 Pcrst7ids ouerwhelrn you (sliould it become a storm) to the point where 
no  uscfiil d a t a  is taken-othcrwise our ab i l i t y  to  prtdict such events in t h e  future uiill not grow 
in any significant degree. The message is e i i j oy  t h e  eilent, b u t  be uirll prepared: read again the  
guidelines given b y  J c f l  Wood, hifalcolm rurrie ,  Rnlj“ Iioschack and Robrrt Hawkes, and Paul 
Roggemans and do  iinplem e n t  t h e m  in yo 111’ obseroations. 

Finally, no matter how t h e  Perseids ( ~ 1 1 1  pcrform, th ink  nlso about W G N  urhcn all the fuss is 
oiler! W e  hope to receiw your  obserciniional report for iucliision in t h e  Journal and-above all- 
your photographs of th event!  As  already said so o f t e n ,  receiving enough photographs to  produce 
a front c o w r  every two month.s is n liicgerii,g prob1rnz; I P  is our hopc thcrt the 1993 Perseids will 
at lrast solve this problcm! 

Marc C:vssens and Peter Brown 
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I n  t h e  m m m e r  of 1999, Dr. I i i dger  submitted an article dtscus,qi?ig the  pro.9pecf.s f o r  a rcturn of 
Comet  P/,Swift-Tuttle. By Murphy’s Law, P/,Suiift- Tuttle returned by the time the author had 
just  completed a revision of his article. A s  t h e  article contained much  interesting historical and 
factual information, I s u g g f s t c d  to  Dr. Iiidger that he rewrite t h e  article in a refrosppctive style, 
in light of the comct ’s rediscovery. The result of this eflort f01loul.s below; due to  space limitations 
though, t h e  article had to be significnnlly shortened. (Ed.) 

Comet P/Swift-Tuttle an e Perseids 
Mark Kidger, Astrophysical Institute of the Canaries 

From mid-1991 until its eventual recovery, comet observers have been waiting for the  return of Comet P/Swift- 
Tuttle.  T h e  evidence surroiintliiig i ts  possil~le return was highly contradictory. on the one hand. Perseid activity 
over the last few years seemed to suggest that the comet was approaching; on the other hand, i t 4  return was also 
awaited i n  1981 (partially on tlic basis of silriilar evidence from the Perseids), yet it did not appear. The P m e i d  
outhiirsts witnessed in 1991 and 1992 greatly strengthened the case for Comet P/Swift-Tuttle being nearby, but 
did not in any way prove i t  Wha t  clues can the Perseids provide to  us ahout Comet P/Swift-Tuttle? In this 
article we discuss in detail the “Pcrseid connection” wi th  Comet P/Swift-Tuttlc from a historical view point and 
also in light of the 1992-1993 return 

1. Comet P/Swift-Tuttle 
On June 16, 1862, the American comet hunter Lewis Swift discovered a new cornet in the con- 
stellation of Can-ieloparcltis. Three nights later, Horace Tuttle also located the same ohject at 
Harvard Observatory. As a result the comet was named “Swift-Tiittle.” Both discoverers had 
a distinguished comet hunting history. Lewis Swift discovered 13 comets, although, wi th  the 
exception of Comet P/Swift-Tuttle, none was especially important. This number of discoveries, 
however, lias been surpassed by very few people. Horace Tuttle discovered 10 comets, again 
a more than respectable total, amongst which P/Swift-Tuttle and P/Tempel-Tuttle, both par- 
ent comets of a major mcteor stream (tlie Perseids and Leoriids respectively), were tlie most 
imp or t a 11 t . 
T h e  comet passed perihelion on Augiist 23 at 0.9626 AU from the S i i n .  At the start of September 
the  magnitude peaked a t  2.5 according to later research by KresAk and Ilresiikovii [I]. At this 
t ime the comet also dcvelopecl a prominent tail some 30” long. More curiously, it also developed 
a prominent anti-tail half a degree long. However, after its closest approach to the Earth, 
Comet P/Swift-Tiittle faded rapidly and was last seen on Octoher 31. From the light curve it is 
possible to estimate that the comet’s absolute magnitude was 4.0 [2]. This absolute magnitude 
is exceptional for a periodic comet: only Cornet P/Scliwassmann-~l‘aclimann 1, with an absolute 
magnitiide of 3.1 is intrinsically brighter, wliilest Comet P/ITalley has an absolute magnitude 
very similar to that of PISwift-Tuttle [2]. Hence, presumably, tlie size of the nucleus of the 
comet is probably similar to that of Halley and, thus, very large compared to  other periodic 
comets. 

T h e  controversial nature of the orbit of Comet P/Swift-Tuttle has  heen much commented upon. 
The observations of the comet lasted for a total of three and a half months, although the arc 
which was observed astrometrically was shorter, being from July 22 to October 22. However, over 
this period some 212 positional measurements were made [ 3 ] .  The result is that  the database is 
adequate to  calculate a moderately accurate orbit, but insufficient for a really precise calculation. 
It is well known that  the estimated period from the observations was 119.6 years, though i n  the 
fourth edition of the Catalogue of Comctarg Orbits published hy Brian Marsden in 1982, the 

Another of his comet discoveries, P/Tiittle, is also the parent comet of a inetcor shower ( the  IJrsids). 
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period is given as approximately 120 years with a possiible error of 2 years [3]. Thus Comet 
P/Swift-Tuttle should have reappeared at the end of 1982. However. it failed to retiirn. 

2. Previous returns of Comet Swift- 
There were two obvious possihle explanations as to why Comet P/Swift-Tuttle was not seen in 
1982: (i) the comet did return,  but was not seen, or alternatively, (ii) that  the calculated orbit 
is incorrect. 

Brian Marsden is one of the leading co ta ry  scientists to have studied the possibility of a simple 
error in the calculation of the orbit, rstlen studied the ephemerides of historical comets to  
see if any of them coiild conceivably have been a previous apparition of Comet P/Swift-Tuttle 
[4]. One hundred and twenty years prior to 1862 was 1742: was there a comet with a similar 
orbit to  P/Swift-Tuttle which was observed around 1742? There was jiist one comet observed 
in 1742, but its orbit was completely different to that of Swift-Tuttle and, as its orbit was based 
on 100 observations there is no doubt that i t  was not P/Swift-Tuttle. 

If we look at the years prior to  and before 1742 we find that there are just two comets that  
look remotely similar to  the orbit that  we are looking for: these are 1737 I1 and 1768. Mars- 
den suggested as far hack ago as 1973 that the comet of 1737 is a prior apparition of Comet 
P/Swift-Tuttle. A similar conclusion was reached seventy years earlier by Lynn [ 5 ] ,  although 
less rigoroilsly. In Table 1 tlic orbit of Comet 1737 I1 is compared with that of Swift-Tuttle. 

Table 1 - The orbits of Cornets 1862 I11 (P/Swift-Tuttle) and 1737 
11 (P/J<egler) (Eq. 19#50.0). “Obs” is the number of astro- 
metric observations which were made. The name of Comet 
1737 I1 is often spelled “Mogler,” although “Kegler” is now 
the standard spelIing which is adopted in catalogues. 

Comet 1737 I1 

June 03.53 
0.8381 
1 .o 
1291)96 
135:99 
063: 84 
8 

As can be seen from Table 1, there are IKIOW differences than similarities between the orbit 
of Comet P/Swift-Tuttle and  that of the comet of 1’937. However, one must bear in mind 
that Comet P/Meglcr was only o1)servecl for 8 days (July 2-9, 1737). Clearly the orbit of Comet 
Kegler is very iincertain, especially when we bear in  mind the lack of precision of the astrometric 
observations of the ‘18th century. The longitude of tlie node of Cornet P/Swift-Tuttle and of 
Comet P/Kegler are in good agrcenient a n d  the perihelion distance is fairly similar, but the 
inclination of the two orbits is very different. owever, the scarce astronietric data available 
for Comet 1737 TI is hardly siifficient to define the inclination with exactitlide. One other piece 
of information that favors the identification of the  comet of 1737 with Comet P/Swift-Tuttle is 
that its absolute magnitude was 4.8 [%] - .  . within the error limits this valiie is identical to that 
of Comet P / Swift -Ti1 t t le . 
There is no record of any comet observed at the start  of the 17th century which might have been 
a previous retiirn of this same object. Neither is there evidence of a po.;sil)le return at tlie end of 
the 15th Century. Brian Marsden suggested that there might have been a possible retiirn in 1348 
141, although there is no comet recorded for that  year in  the  Catalogue of Comets. Despite this, 
there was a ciirious observai ion m a c l t h  from close to Paris in August 1348. although it might have 
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been nothing more than a bolide [GI .  There was a comet observed hetween J u l y  31 and August 
3 of 1345 which might conceivably have been a previous return of P/Swift-Tuttle, though Brian 
Marsden notes [6] that  cis far as I can understand the observations, it seems t h a t  t h e  comet of 
1345 came down from the Draco/Ursa Major region towards Gemini and Orion, and it seems 
a little hard to  make  this agree with a radiant in Perseus. Either way, the average period over 
these five centuries is close to  130 years, much greater than the 119.6 years previously supposed. 
On linking the observation of Comets P/Kegler and P/Swift-Tuttle, Brian hiarsden came up 
with a provisional perihelion date of November 25, 1992, with a possible error of two months 
[7,8,9]. However, he assured me ( the weekend before the 1992 Perseid maximum) that nobody 
will be more surprised than m e  to  see Swift-Tuttle return at  the end of this ycar. This last 
comment is very revealing! It is hard to recall how uncertain the prediction of the 1992 return 
seemed to be until P/Swift-Tuttle was recovered in late September. The  Japanese comet hunter 
Kiuchi was the  first to  spot the comet, with 25 x 150 binoculars, at  18h10m TIT on September 
26, as a magnitude 11.5 object in Ursa Major. The  identification with P/Swift-Tuttle was 
suspected immediately, but not confirmed for another 24 hours. The  initial estimation of the 
date of perihelion was early December (very rapidly revised to the lntl i) ,  just 1s days later than 
Marsden’s prediction [lo]. 
One extremely worrying point is the question of just why a periodic comet with an absolute 
magnitude similar to that of PIHalley shoulcl have been seen so infrequently, when P/Halley has 
been seen wit11 the nakccl cye for about 30 consecutive returns since 240 B.C. and was prohalily 
also observed i n  the winter of 1159-1158 B.C. What is more, only in 164 B.C. and in the even 
fainter 1986 return has P/€Ialley failed to get brighter than magnitude 2 (i.e., easy naked eye 
visibility) [I 1,121. 

The reason appears to  be P/Swift-Tiittle’s orbit, which only permits a reasonably close pass by 
the Earth (A < 0.5 AlJ )  if perihelion occurs between June and September, whilest P/Halley has 
never had a minimum geocentric distance greater than 0.5 AU i n  any of its historical apparitions. 
Numerous studies have bee11 made of the history of the orbit of Comet P/Swift-Tuttle over the 
last two thousand years [13,14]. These have shown quite conclusively that, there have been 
no close approaches of the comet to the Earth between 18s A.D. and 1862 (even the 1737 
apparition had a minimiim geocentric &stance of 0.55 AU and a n  estimated maximum brightness 
of 7721 = 4.0). 

It is obvious that, in 188 A.D., P/Swift-Tuttle did make a close approach to  the Earth (closer 
than 0.23 AU) which perturbed the orbit slgnificantly. With so few observations available, it 
is not possible to  model the non-gravitational parameters with sufficient accuracy to determine 
just  how close an  approach was inadti to the Earth i n  188 A.D. Assuming a significantly closer 
approach than 0.23 AlJ in 188 A.D. allows the comet to make a comparatively close approach 
in 68 B.C. too and fit, if only approximately, the observations of a comet seen in that year. 
Looking forward i n  time the situation is more favorable: the 1737 apparition was the first of 
a sequence of moderately and very close approaches to the Earth allowing P/Swift-Tuttle to 
become a bright or very bright ohject in 1862 and in both of its next two apparitions: 2126 
and 2261. In 2126, it may even reach negative magnitude with a close approach to  the Earth 
approximately 19 clays later, on Ju ly  30. There was some unfortunate speculation [15] that a 
collision with the Earth might occur on August 14, 2126; this would have required the comet to 
pass perihelion during a two hundred second long window on July 36, 2126, something that did 
not seem very plausible statistically [16] and has since been ruled out definitively [14]. 

3. Comet P/Swift-Tuttle and the Perseids 
One way of gettjng more information about the comet lies with the Perseids. In 1862, the Italian 
Giovaniii Schiaparellj (later better known for his o1,servations of Martian canals) realized that 
the orhit of Comet P/Swift-Tuttle was very similar to that of the Perseids 1171. This was the 
first t ime that  a clear relationsliip was demonstrated between a comet and a meteor shower. 



124 WG'AT, the Journa l  o f  the IMO 21:3 (199.3) 

The  first observations of the Pcrseitls date hack to the year 36 A.D., when the Chinese noticed 
a shower corning from Perseus on July 17, almost a month earlier than the current tlate of 
maximum. Later, at the end of July 714 A.D., tlie Chinese again noticed the existence of tlie 
shower. Despite the fact that there are many records of the Perseids after this date, made from 
China, Korea, Japan, and Europe, the anniial nature of the shower was not realized until 1836. 
Just  what the exact structure of the Perseicl radiant, is i n  terms of sub-radiants has been a highly 
controversial topic which it is not the purpose of this work to judge. At  present, the principal 
radiant is accepted to  be at  cy = 3110411' and 6 = +58O, in the extreme north of the constellation 
and almost exactly bctween Pcrseus and Cassiopea. However, when the radiant was formally 
identificd for the first time by tlie American Professor John Locke [l8],  on August 8, 183.1, it was 
close to  the star Algol..  . a long way from the present position (see Table 2). Some Pcrseids can 
still be seen radiating from this point (my own observations since 1975 suggest that at  least the 
Algol radiant of the several proposed sub-radiants presents significant activity from year to year), 
but they are a small minority of the total. Two years later the Belgian, Quetelet, announced for 
the first time [19] that the shower was aiiiiual, the first annual shower to be recognized, whilest 
two years after this. E.C. Fltrrick also concluded independeiitly [2O], that  the Perseids were an 
annual shower. 

Tahle 2 - The change in  the position and  tlate of maximum of tlie Per- 
seids over the last two centuries. Although the right ascen- 
sion has stayed constant, both the date of maximiim and the  
declination of the radiant have shown a considerable change. 
References: 1834 [18]; 1890 [21]; 1990 [22]. 

Evidence that there was important activity from the south of Perseus cluring the last century, a 
long way from the current radiant, is proxriclid by a surviving plot of ohservations of the Perseicls 
by !villiam Denning, made i n  an unspecified year of the latter half of the last century and plotted 
in gncmonic projection [23]. The olxerving method described by Denning is virtually identical 
to that used by tlie most advanced meteor observers now. The ohservations of the radiant at 
a = 02h56m and 6 = $25' were presented liy Denning as a typical example of a meteor radiant 
and the radiant position is vcry well defined although even further to  the south than Locke's 
position. However, the right ascension and dates of activity are the same for all three radiants, 
though they lie along a wide range of declination. Interestingly, Denning does not refer to this 
sliower as tlie Perseids, but ratlier descr i lm it as a shower o b s e r ~ d  . . . from Musca;  Musca 
Borealis being a now defunct consttJllation formed from some faint stars i n  Aries. 
Even though it  is now felt, with good reason, that  Denning was sorntwhat over-generous in 
his catalogue of radiants i n  listing no less than 4367 individual radiants, based on some 15000 
meteors recorded i n  20 years of olxervations, the evidence in this case is pretty convincing 
(see Figure 1). Despite his occasional serious errors (e.g., a firm belicf i n  stationary radiants), 
Denning was a fine olxerver and his work is often greatly underestiniated by contemporary 
meteor researchers. 
However, if all the proposed sul)-radiants are genuine, this is a ciirious and perhaps highly 
significant fact. It is also reasonable to slippose that the 1862 apparition of €'/Swift-Tuttle may 
have significantly changed the distribution of activity so that other siil,-radiants may have been 
significantly more active in tlic past than at  present. Some doubt has  been expressed [24] as to 
whether or not this apparent change reflccts a real displacement of the radiant in declination, 
or simply the inadeqiiacy of radiant clctermination methods in the mitl(lle of the last century. 
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However, a difference of 16" ilcgrees 15 so large that i t  cail har(i1j he imagined that i t  is cliie to 
observational error.2 

The popular name for the Pascids.  ""'E'lie Teal-s of Saint kz~%rence, ' '  is due to the date of maxi- 
mum in the last century. The day of the iksli.ir;ri of Saint Lawrmce i.9 August 10, but the shower 
occurs approximately 1.4 clay3 laccr each century [25] is i t  follows the siderial and not the trop- 
ical (calendar) year, thus the date of n~,~,xiiniiin c'rserved by tlie Chinese and the present one do 
not agree. 

In 1861, 1862, and 1863, t he  inaxim:im of the Prrsoids mas eypecially prominent [6 ] .  It has 
also been reported [26] that t h e  e~ l ;rcordz?~ury  Per.seid s h o w ' c ~  o,f 186% occurred a t  the time when 
P/Suiift-TultZe iims a n a k e d  fyjt o ! ~ j c i f ,  ~ t i z  Iirapiicaliom; beiyig of h r ?  extraordinarily high ZHR 
(over 250?) in 1862. In ISM, the Disermr ai  rera olisermtory iri Lll!an. began some important 
research in  the new science of  rmdeteo:;l ics. Of (1 one does rict award suficient merit to the huge 
amount of work that Giovanni Vilgiiiio Scillapaieill did to des-elop a scientific base for the study 
of meteors. Scliiaparclli dc,\ e l o p d  :iiatii~mat~cce?! forrnu!atiori for the calculation of the orbit 
of a shower from ohservatioil:, of the posit;on of :lie radkia~t anti to calculate the velocity of the 
meteors from the observed 1 ate of ac t ixv i~~ Starling froxi the well-determined position of the 
radiant, Schiaparelli was able t o  talc tilate w r y  good orbjit. ,2t once he realized [27] that the 
result was very similar to t h o  orbit of Coriiet :t?btt 111 PP/Swi,Ft-Tiateie, calculated by Theodor von 
Oppolzer [as]. Schiaparelli coriclucled concct ly  that the meteors came from the comet. This was 
the first time that the l ink  \;2r;is p ~ c i i  bet-ivecn i~ conlet aiict a shower: later the Leonid storm 
in the same year of 1866 and tlie clici i;torm in 1872 showed once a n d  for all that Schiaparelli 
was right. 

There are two very interesting points in the liiilc between the Persvids arid P/Swift-Tuttle. The 
first is the small mystery of the change i n  t h e  radiant position Ilctween 1834 (when it was 

I must, however, stress i l t n l  ! h e  .cery rnr.lg p,:c?pi>T ob.serv~rs  rcorkid u n d e r  fairly primitive condiiions and 
used inadequale lools ( s v r h  0.9 c c l e s l i a l  g l o b ~ s )  c o i n p n r d  t o  0111% slandnrds, leading -to large errors. Radiant 
determinations b y  Packendorf 211 1837 (znd Erman in 18.39 on Augvst  9 a n d  10 yield declination,s varying between 
50' and 57' and right ascens2on.s b c l w c e n  2"28" a n d  3 " W "  . The dcrl inni ions obtained b y  these and oiher 
asirononiers in ihe 1830s a n d  d R ~ D ' s  are inore t s a s i s l r n !  wi1h the p r e s f n l - d m y  values than wilh those of Locke. 
A s  far as Denning is conrerned: it m u s t  he e 7 i l p h a s z ~ i . d  Ihar' h is  uciive p r r i n d  i ~ n s  past 1862. It is also very 
questionable iuhelher a r a d i a l i f  30' Imrn t h e  n;ctin Pcrs r id  radiant cnn s f i l l  refer t o  th.is meteor stream. 
Finally, deterininnlions of s ~ i h . . r n ~ ~ i a ~ ~ ~ s  hascd on viszink ohseriinlioris o f l en  n r e  n o 1  7 1 ~ ~ 7 ~  reliable. (Ed.) 



126 Vt‘GN, the Journal of the  IhfO 21:3 (199.3) 

identified) and 1890, discussed above. The second Is the apparent increase in  the activity of tlie 
Perseids one year 1)efore and after the previous apparition of Comet P/Sivift-Tuttle. This makes 
one think that the stream material may concentrate close to the comet i n  its orbit. This is a 
typical characteristic of a comparatively young shower. It was Urbain Le Verrier who, in 1867, 
explained why the Leonids did not give an iiiteiise shower every year: gravitational perturbations 
by the planets (principally .Jupiter) are logically going to  disperse the stream material all around 
the orbit over the coiirse of thousands of years [29]. In the case of the Perseids, the fact that  
we see a shower of fairly constant intensity every year means that that  the stream is an old one 
(i.e., the material has been dispersed all round the orbit of the comet) biit, an increase in the 
activity coincident with the return to perihelion of the parent comet indicates, at very least, 
that  there is still a higher density of material concentrated close to  the comet than in the more 
distant parts of the orbit. 

erseid activity arid the  return of Comet /Swift - n t t le 
Even before the return of P/Swift-Tuttle, the original orbit calculated by von Oppolzer was 
rapidly outdated by Hayn, of the IJniversity of Gottiiigen ( in  1889) [OO] and, later, by Marsden 
and Sekanina ( i n  1973) [4]. Yct, while the orbit was revised and recalciilatecl, the errors remained 
the same and the error quoted by hlarsdcn and Seltanina for perihelion time was still two years. 
One of the biggest prohlems was the fact that  the October 1862 observations showed big de- 
viations from the orhit calculated from those made during the period .June-September. This 
could be due to systematic oliservational errors, or to  a sudden change i n  the non-gravitational 
parameters. Even now, the probl~tii  of the large deviation of the October 1862 observations has 
not been solved. 

Comet P/Swift-Tuttle passed perihelion in 1862.6; thus, with a period of 119.6 years, it  was 
supposed that it should return in 1982.2, that  is, in the spring of 1982. The  normal level of 
Perseid activity is 60-70 per hour but ,  in  1980 and 1981 the ZHR of tlie shower increased until 
it had passed well over 100 per hour. Everything seemed to suggest that Comet P/Swift-Tuttle 
was approaching. However, it was not seen, and by the mid-80s the activity of the Perseids had 
returned to its long- term level. 

In 1991, somcthing happened which was completely unexpected by the majority of observers 
but had, in fact, been tentatively predicted some months in advance [:31]: the activity of the 
Perseids started to increase again and, this time, the increase was milch greater than in 1980 
and 1981, with an outburst with a ZI-TR i n  the ordcr of 500 per hour. [32,3:3] 

The  ohservations made in 1992 are very uncertain. Thc information received from observers in 
Hungary and the Netherlands [34], Japan, and, to a certain degree supported by Swiss observers 
[6], indicate a very high level of activity for an hour or less. The  first report was from a group 
of Hungarians who reported intknse activity dnrirlg twilight around 19*’00n’ UT on August 11, 
dropping to normal before 20h 15”’ IJT. Various days later, after these results had been published 
on IAU Circular 5586, a Japanese group, ohserving with a naked eye limit of 3, reported see- 
ing 200 meteors from 1 9h00-20h00”’ LJT. Radio observations suggest a very intense maximum 
between 18”45” and 19”35m UT, perhaps even more so than in 1991 [%I. Herman Mikuz also 
kindly forwarded m e  data [:36] from groups at  Ljubljana (Slovenia) and Istria (Croatia). Both 
saw high levels of activity on the evening of August 11. Their findings are compatible with most 
other groups apart from some of the higher Japanese estimates. Apparently, an outburst with a 
ZMR of the order of 500 or more occurred. 

The activity observed later during the night of Angust 11-12 was con.;istent with a ZHR of 
around or less than 100 [37] hut ,  as i n  1990, the ful l  1110011 and consequently bad conditions for 
observing do not allow anything to lie ~oncluded  with certainty, mainly liecause the estimated 
naked-eye limiting magnitudes are unreliable. The following night, acti\.i ty remained high as is 
suggested hy observations comniiinicated I>y Rafael Rarrena [38]. 
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Further data  were received from Slovenia [39] and from Brian hlarsden after “finishing” this 
article, along with comments on Norwegian observations [6] and  further results from Tenerife 
[36]. They mainly confirm the general picture and predict the time of maxiiniim in 1993 as 
August 12.05, an almost optimum hour for European observers. 

5 .  A possible Perseid storm in 199 

There has already been some suggestion that there may be a Perseid storm in 1993. This 
suggestion is based on somewhat slender evidence though. Whilest showers such as the Leonids, 
Bielids and Giacobinids have given major storm activity3, there is no conclusive evidence that 
the Perseids have ever passed sub-storm level. Two major questions are raised: (i) are the 
Perseids potentially able to give a return at storm or minor storm level, and (ii) is a storm most 
likely to be seen in front of the comet, or after its pass? 

In general, one might expect the strongest concentration of cometary dust are found behind the 
comet because, logically enough, this niaterial lags the comet due to  the influence of radiation 
pressure. Comparing the Perseids with the Eeonids and that the Criacobinids, we find that 
indeed the Leonids only give storms after the comet has passed its node and major Giacohinid 
activity also occurs when the Earth crosses the orbit after the comet has passed, but lesser 
levels of activity have been rcvxxdecl when the Earth crossed the orbit i n  front of the comet. 
The Bielid storm of 1872, however, occurred i n  front of the  comet which is also the case for 
strong niclid activity on other o c c a s i o ~ ~ s . ~  I originally felt that ,  by analogy with the Leonids, the 
greatest probability of a Perseid storm would be in 1993, after tlie comet’s pass, possibly just 
reaching minor storm level. Further research though leads me to  bclieve that it is more likely 
that the Perseid maximum in 1993 will not be as strong as in 1992, although still at sub-storm 
level. The  only reliable evidence of possible storm-like Perseid activity comes from 1861-1863 
and 1991-1992. In P/Swift-Tuttle’s 1862 return the strongest Perseicl activity appears to have 
occurred slightly in front of the c o ~ n c t . ~  The strongest Perseid activity to  date in the present 
apparition has also occurred slightly i n  front of the cornet. However, the evidence is simply too 
scanty to be ahle to make a definitive prediction. 

Another issue pointed out to iiie by Luis Bellot is the recent controversy in WGN [40] about 
Perseid periodicity. The  data  presented by Grislrchmyuk and Levina give an average period 
between strong showers of 11.78 years, so nearly coincident with the 11.86 year orbital period 
of Jupiter that  the difference is insignificant. I t  is almost certain that  the effect, if genuine, 
occurs due to the influence of .Jupiter and this is supported by a 1:11 mean orbit resonance of 
P/Swift-Tuttle with Jupiter [ill]. As i i i  the case of the asteroid belt. regions of the Perseid orbit 
subject to  repeated perturbations will be cleared and the material concentrated in other regions. 
Despite the high inclination of the orhit of tlie Perseids the pertiirbations by Jupiter are still the 
dominant source of gravitational perturbatlons in the evolution of the  distribution of material. 
T h e  maximum of this cycle should iiave been i n  1991.98, w!iich m a y  well explain why there was 
a strong Perseid return in 1991 which did not coincide n7ith the node of Swift-Tuttle. Dependent 
on the spread of the material, this may have contributed in some degree to  the good displays of 
1981 (predicted maximiini ISSO.20) and 1992. The next maximiim may be expected (if the data 
is correct), in the year 2003 (predicted inaximum 2003.75 I 2 3 ) .  
The  best solution to the cotitroirersy about the periodicity would l)c to subject all 20th century 
Perseid ZHR data  to  a periodicity search, thus there would be no possibility that a false peri- 
odicity could be generated by accidental selection. This is unlikely to  be practical due to the 
differences in both observing rnethocl and data  reduction. 

I would suggest t h e  following definitions of the karioiis levels of storm act ivi ty:  200 < Z H R  < 1000: 

12 should h P  Pinphaszzfd i h o u g h  Ilia2 Coiriet Bielu h a d  shady d z s i n i e g m t c d  by 1872! (Ed.) 
T h e r e  are a fe7u sources  howcilcr  (see t h e  nrlzclc hy Rno  171 thzs zssiie) s i igqeStz7 ig  storin-like actavaty in 1863. 

sub-storm level; 1000 < Z H R  < 5000: minor-storm level, ZIIR > 5000. major-storm level. 

If ihzs were the case z t  nerer fhe l e s s  re inn ins  piizzlzng i uhy  n o  more evzdence of i t  e x d s .  (Ed. )  
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One thing is beyond all possihlc doubt: a shower as strong as that seen by the ,Japanese and 
Hawaiians in 1991 and by diflcrent o’liservers i n  1992 can only be due to  a “cometary” shower 
(like tlie Leonids, the Eielicls, the Pons-Winneckids, or the Giacobinids) whose activity dt.pends 
on the position of the comet in its orliit and the Earth’s exact distance from the center of the 
tube of material ejected by tlie comet. The exact time of the outburst in 1991, however. does not 
agree with the exact t ime of the Earth’s closest approach to Comet PISwift-Tuttle. something 
that misled a lot of people. However, the solar longitude of the possilile 1992 storm agrees 
perfectly with the comet’s descending node, which is pretty conclusive. 

One can however still wonder about the small but important change i n  the solar longitude 
of the outburst between 1991 and 1992. The  reason for that  is not obvious. Each year that 
passes brings us closer to the comet and to tlie material more recently expelled from it (“recent” 
meaning that it has probably been expelled in  the last few centuries, although we have still not 
encountered tlie material released by the comet i n  its 1862 perihelion pass). Perhaps the change 
in solar longitude is due to the fact that we were still approaching the present position of the 
cornet. 

The  activity curve of the Perseids in 1991 and, above all, the unusual strongly non-power law 
magnitude distribution [38,39], are highly suggestive that what we were classifying glohally as the 
Perseicls really consistcd of two, very different showers. What can be termed the standard stream, 
or annual shower, showed its stanclarcl activity curve, with a fairly broad maximum preceded 
by a slow rise, althoirgh this maxiinurn was rather higher than usual. Superimposed on top we 
also saw a shower wi th  charactcristics typical of what we can term a “cometary” shower. The 
main characteristic of such showcrs is their short duration and very variahle intensity according 
to  the position of the comet i n  its orhit. 

The behavior of the Perseicls i n  1993 will  be crucial to our understanding of what is happening. 
The peak activity could be seen i n  1993, making that which has been observed in 1991 and 
1992 no more than a small sideshow. I t  is also very possible that the strongest activity actually 
occurred i n  1992 though. There is also another important historical datum in this respect: the 
years of especially strong Perseid maxima (lo not coincide with the years when we would expect 
Comet P/Swift-Tuttle to have returned to perihelion [6]. As such, the link between the comet 
and very strong Perseid showers, although present, is not yet completely clear. 

Further ahead than 1993, the most prob:ilile effects are going to  be a reduction of the ZHR 
and a progrewive weakening of the peak corresponding to  the present outbursts, presumably 
disappearing by 1997. Tlie continued observation of this peak before the “traditional” peak of 
activity past that  year would again raise doubts about i ts  exact nature. 

~ ~ ~ Q w ~ e ~ g e ~ ~ ~ t s  

I would like to  thank rian Marsden for answering my questions and clearing u p  my doubts and 
Luis Bellot for dehating the topic of Comet P/Swift-Tuttle and tlie Perseids with me  and both 
of them for giving m e  the benefit of their thoughts and constructive criticism of my analysis. I 
would also like to  thank Herman Mikuz for his invaluable aid in compiling Central European 
observations and many people who  have contributed directly or indirectly either by passing me  
their observations, or by passing them through a third party. 

Finally, I should thank Marc Gyssens for his very detailed comments on tlie first two versions of 
this article and for suggesting its restructuring in  the light of tlie recovery of Swift-Tuttle, soon 
after the first version was written (and wc~l l  liefore it could have been published), an event which 
had the effect of dropping a bomb on the original aim of this study. 

I started to write the original versiori of this article on August 12, 1992, as ]>art of the research 
for a book that I am writing and is due to lie published in rriid-1993. 
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Perseid lcsts in 1991 and 1992 
Chihra Shimodn, KaxuhJaro Suxtiki, and Kowj Maeda 

Strong Perseid activity was tlctected i n  Japan using FM radio observations in both 1991 and 1992. In those 
years, there were double peaks in  the strong activity. The two peaks for the 1991 Perseids correspond to solar 
longitudes An = 139055 and  A, = 1.79057 (eq 2000.0), with the outburst lasting for about 90 minutes. The two 
peaks for t h r  1992 Perseids corrcspond to solar longitudes A, = 139045 and A 0  = 139048 (eq. 2000 0), with the 
outburst lasting for about 120 minutes. Hence, the solar longitude of the outburst decreased by about 0010 from 
1991 to 1992. 

1. Introduction 

The  Perseids are one of the most famous meteor showers producing about 20-30 meteors per 
hour with the naked eye 011 August 12-13 every year with reniarkable constancy. Comet 1862 
111, P/Swift-Tuttle, is the parent connet of this meteor shower, and was predicted to  return to 
the perihelion around 1981. 

Though somewhat stronger Perseid activity was observed around 1980, Comet P/Swift-Tuttle 
failed to return in the early 19SOs. From 1982 to 1990, the Perseids were characterized by normal 
activity. Observations of strong Perseid activity were obtained in both 1991 and 1992 [l], and 
the parent cornet, PISwift-Tiittle, was finally re-discovered in September 1992, by a Japanese 
comet hunter. 

2. Instruments and methods of observations 

In Japan, meteor radio o lwwat ions  using the FA4 broadcast band have lieen carried out since 
1970 [a]. The  method of oliservation is to  count the meteor rate by utilizing tlie fact that  ionized 
meteor columns reflect VTIF waves. 

LTsing an ordinary FRI tuner, we can receive meteor echoes. There are nearly 200 FM radio 
stations operating i n  Japan; they broadcast in the frequency band 76-90 MHz. Adjusting an 
FM tuner to a distant FA4 radio station which is not usually received, we count the number of 
meteors by listening for momentary enhancements of the FM broadcasting signal from a distant 
station. The  aerial used for this work is a Yagi antenna. It is ordinarily directed to  the zenith. 
Nleteor echoes are recordcd on a chart by using a pen-recorder where the echoes are visible as a 
signal increase, or are simply counted. 

3. Results of observations 

E l 3 3 ’  

01 I 

Figure 1 - Geometry of transmit ling versus re- 
ceiving stations 

We observed the 1991 and 1992 Perseids by FR4 radio 
techniques as described above. 

Table 1 arid Figure 1 show the observers and obser- 
vational parameters for this research. Figure 2 shows 
the evolution of the hourly rates of the total  number of 
observed meteor echoes around the outbiirsts of the 
Perseids on August 12, 1991, and August 11, 1992. 
Figure 3 shows the evolution of tlie lioiirly rates of 
l ~ n g - d ~ ~ d i o n  meteor echoes. Here, “long duration” is 
defined as lasting more than 3-10 seconds. The  hourly 
rates were derived by a 15-minute step method. The 
results of the hourly rates of meteor echoes observed 
during August 10-13 in 1991 and 1992 are shown in 
Figure 4. 
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Table 1 - Ohservers and observational parameters for this radio research of the Perseid 
meteor shower. The following abbreviations are used: C,  outpiit from center- 
tuning meter; R, recorded with pen-recorder; S N ,  output from signal meter; 
Y3, 3-element Yagi; Y5, 5-element Yagi; Z ,  directed to zenith. 

tin 
280 

Suzuki 

3 UT 

Figure 2 - Evolution of the hourly rates of the t o ta l  number of 
observed meteor echoes around the outbursts of the 
1991 and I992 Perseids. The hourly rates were derived 
by a 15-minute step method. 

4. Conclusions 
Time of maximum nct io i ty  
The  outburst of the 1991 Perseids had two peaks (see Figures 2 and 3) ,  the first one occurring at  
A 0  = 139055 (August 12, 15"40"' TIT) and the second one a t  A 0  = 1090rj7 (August 12, 16h10m 
UT). At this time, the elevation of the Perseid radiant was about 40'. T h e  outburst of the 
1992 Perseids also had two peaks (see Figures 2 and 3 ) ,  the  first one occurring a t  A 0  = 139045 
(August 11, 1gh15" UT),  and the second one at  A 0  = 139048 (August 11, 19h55m UT). At this 
t ime the elevation of the radiant was about 65". The  solar longitude of the oiitburst i n  1992 
decreased by about 0010 compared to the outburst in 1991. (Eq. 2000.0.) 
Duration of strong nct ioi ty  
Both in 1991 and 1992, the strongest activity of the Perseids occurred a t  a solar longitude dif- 
ferent from tha t  of the regular shower maximum. The outbursts of 1991 and of 1992 seemed to 
have been ‘Gadded" to  the coi11111011 activity of the Perseids. According to Figure 2, the remark- 
ably strong activity of the 1991 Perspids lasted for 90 minutes (from 15'0Om through to 1Gh30m 
UT) on August 12. The strong activity of the 1992 Perseids lasted for 120 niiniites (from 18h30m 

-Q 
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Figurc 3 - Evolution of the hourly rates of lonq-duratzon 
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meteor 
echoes around the outburst of the 1991 and  1992 Per- 
seitls. The  hourly rates were derived by a 15-minute 
step rnet,hod. “Long dtiration” is defined as lasting 
longer than 3-10 seconds. 
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Figure 4 - Evolution of the hourly rates of the meteor echoes ob- 

through to 20h30m UT) on August 11. Hcnce, the duration of the outburst in 1991 is estimated 
to have been about 30 minutes shorter than in  1992. 
Hourly rate of meteor echocs a t  nzaziirium activity 
The maximum hourly rates of meteor echoes during the outburst of the Perseids was 3 times 
higher than usual in  1991, arid about 3-5 times higher than usual in 1992. 

served during August 10-13 in 1991 and 1992. 
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Observational Results 

New Minor Shower in June? 
Jose' M. Trig0 

This article refers to  observations of a meteor shower, detected during an intensive watch of the dune Lyrids in 
1988 and  1990. The observations were carried out by members of the Spanish Jleteor Society and collaborators 
of the Agrupacibn Astrondmica of Tenerife. 

1. Introduction 
There exist only a few references to this newly observed radiant, yet its activity is mentioned 
in the works of N,4POAZ'I,s' i n  Australia. In [l],  members of N A P O M S  detected this radiant at 
a = 28s' and S = -03". They named the radiant the X-Aquilids and determined its activity 
period as June 9-18. 
Diiring the observations of the .June Lyrids that were carried oiit by Spanish observers i n  1988 
and 1990, the niimber of nietcors detected from this region was high. For example, of the 122 
meteors seen on .June 17, 1990. 15% were X-Aquilids. 
We tried to identify the X- Aquilicls very conscientiously, in order to avoid including the high 
sporadic and Scorpid/Sagitarid activity with the new radiant's activity. The  method applied by 
the author and Alark Kidger (Astrophysical Institute of the Canaries) is explained i n  [2]. The 
visual characteristics of this radiant are very important to be able to  distinguish these meteors. 

2. General results 
During 1988, activity of this radiant was detected by the author and Vicente Soldevilla on the 
night of June 11-12, but the activity was very low. In 1990 the author received observations 
from the Canary Islands wliicli gave supporting evidence for the radiant's existence. The ZHR 
obtained by this group on June 17, 1990, is 3-4 meteors, but the relative activity was 15%! 
Activity from the radiant was also registered by this group on June 24, 1990, biit the  ZHR was 
small. The relative activity on this night was 4%. The  participating observers were 

Javirr  Alonso, Jos6 Antonio Criceres, David IIernrindez, Daniel Verde, Victor 
Gonzdlez, Dulce Plasexicia, and Mark Kidger. 

The velocity of the meteors was moderate, and the magnitude distribution of the meteors ob- 
served in 1998 and 1990 was as sliown in Table 1. 

Table 1 - Magnitude distribution of the X-Aquilids in 1988 and 1990. 

2 0 4  5 4 9 4 

The results obtained for the radiant position in visual observations were a = 282' and S = -05' 
(June 11, 1988, 4 meteors one of wliicli was stationary), and cy = 295' and S = -02' (June 
17, 1990, 19 meteors). Data obtained during three radar studies, conducted during the 1960s, 
support the existence of this stream. The  observations, mentioned in [3], are shown in Table 2. 
Sekanina indicated a maximum of the shower on .June 17.5 in the year 1969! 

Table 2 - Radar detections of the June  Aquilids. 

Gartrell and  Elford, 13 
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I would like to  ask the Z1210’s visual a n d  radio ohservers to monitor this region during the next 
years. 
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The 1992 q-Aquarids and Orionids from Rumania 
Vdentin Grigore 

~~ 

The  results of two meteor expeditions organized by the author with his colleagues-the first such expeditions i n  
Rumania-are presented. 

1. The 1992 7-Aquarids 

This expedition took place in tlie Carpathian Mountains (Piatra Am&, X = 25’29’24” E, y = 
45’22’42’’ N)  at  an altitiide of 1950 111, lietween April 30 and May 3, 1992. T h e  sky conditions 
were extraordinary. The  mean limiting magnitude was 6.5, and sometimes even better (6.8 on 
May 1-2). Temperatures were -2’ C: to  -5’ C in  the morning hours. On May 1-2, there was a 
strong wind. 

The  participants were 
Valentin Grigore (GRIVA, t h e  organizer, from Tirgoviste), Adrian Sava (SAVAD, “Sage” As- 
sociation, from Bucharest), Exarcu Laurentiii (the secretary, a beginner from Bucharest), 
and Radii Dumitru (a l>eginner from Bucharest). 

Valentin Grigore continued the observations a t  Tirgoviste ( h  = 350 m )  on May 3-4 and  4-5. 

The  7 Aqiiarids were observed for only about one hour before dawn when the radiant had risen 
sufficiently. Table 1 below gives the magnitude distribution of all meteors after applying a selec- 
tion criterion. (In this table, tlie meteors seen by both observers were taken into consideration 
only once.) 

Table 1 - Global magnitude tlistrihution and  train percentages (%) for the 1002 77-Aquarids and 
other showers olmrvetl. 

1 3 6.5 6 6.5 7 4.5 0.5 

1 0 0.5 2.5 2 2.5 2 .5  
0.5 0.5 0.5 3 2 1 0.5 3.31 

3.00 9% 

3.11 

To avoid all confusion, I need t o  r c p f a t  h e u  that  the IhlO requires indivicinal data. Neiirrthelrss,  
it is j u s t i j e d  t o  produce a coin6ined mngnit i ide distribution in a report such ns this to  give the  
recrdcr n globnl idea  of houi t h c  sho i i l~r  looked l ike .  I n  this case,  I i uo i~ ld  rccommend jus t  add ing  
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ull data, without applying any selection criterion. I n  this way, the distribution thus  obtained uiill 
be more representative of what an individual observer might expect to  see .  A p p h ~ i n g  a selcction 
criterion is not recommendtd becaiise it creates a bias towards the fainter meteors and  becomes 
stronger with increasii1.9 iiiimber of observers. (Ed.) 

A remarkable -0.,5 yellow-red q-Aquarid was seen on May 2-3 at Oh41m UT. Its reniarkable trail 
was about 70” long with a train which persisted for 3 seconds. The  best sporadic was a -3.5 
green fireball. It had 6-7 little fragments (like fireworks), and it appeared on May 3-4 at 21h52m 
UT. 

2. The 1992 Orionids 

The  Orionid expedition took place at Tirgoviste ( A  = 25’29’00” E, y = 44’57’18” N ,  h = 350 m). 
It started on October 21, but unfortunately the sky was cloudy until October 23. It was cloudy 
on October 24-25 as wcll. The  expedition ended on October 26, but Valentin Grigore also 
observed on October 27-28 and 30-31 and November 5-6 and 16-17. T h e  comet P/Swift-Tuttle 
was seen every evening with binoculars. 

The  participants were 

Valentin Grigorc ( G R I V A ) ,  Atlriati Sava (SAVAD), Zoltan Deak (DEAZO, “Astroclul),” from 
Bucharest), Exarcii Laurcnbiu, and Vasile Micu (a beginner from Hunecloara). 

A total of 733 meteors were seen during 40.18 hours of effective ohserving time. 

The results obtained for the magnitude distributions use the same selection criterion as before 
( the  meteors seen by two or three observers were taken into consideration only once) and are 
given in Table 2. (Agnin, refer to m y  earlier comment, Ed.) 

Table 2 - Glohal magnitude distribution and train percentages (9%) for the 1992 Orionids and other 
showers observed. 

Shower -3- -2 -1 0 $1 $2 $3 $4 $5 $6 

Ori 3 12.5 18.5 18 11 3 
Tau 0.5 4.5 3.5 2 2.5 0.5 0.5 
Tau S 2 2.5 9.5 8.5 3 0.5 
Tau N 5 10 5.5 5.5 6 3 
&-Gem 1 1 2.5 1.5 

Spor 3.5 1 6.5 39 65.5 79.5 71.5 49 12.5 2 

% - Tot 71 1 

66 1.46 38% 
0% 14 2.36 

26 2.37 0% 
34 2.25 9% 

6 1.75 33% 

330 2.08 10% 

We observed three remarkahle sporadic fireballs during this observing period. 

The  first appeared on Octoher 23-24 at 23h19m UT. It was of magnitude -3 in the beginning 
and -5 at the end. Its color was yellow and it had a persistent train which broke into two 
parts. The first part  persisted for 4 seconds. and the second part  for 20 seconds, as seen by the 
naked eye, and 80 seconds as seen with 15 x 60 binoculars. During this t ime (80 seconds), it 
was distorted and dispersed under the action of upper-atmospheric winds. 

The  second fireball appeared on October 25-26 at 1gh2gm UT. It was of magnitucle - 3 ,  and had 
two remarkable features: its color and trail. Its color was orange in the beginning then turned 
to a rose color and ended i n  violet (very nice!). Its path was marked by small fragments trailing 
behind the main head. 

The  third firehall was of rnagnitiade -6. It appeared on October 25-26 a t  2:Ih16” I T .  Thc. train 
of this meteor persisted for 4 seconds, whilest the meteor was whitc-green in color. 



136 JVGN, the Journal of t h e  M O  21:3 (1993) 

ossible Min trearn Activity around July 21-22 
Marc0 Lang b roek 

In July 1990, the author spent two weeks at the Puimichel Observatory in Southern France, mainly for deep-sky 
observing. Being a fanatic meteor observer, he filled the gaps between his allotted observing time on the telescopes 
with short observing sessions on dirly’s ecliptic streams. The author always plots the observed sporadic meteors 
and members of minor streams on gnomonic charts. It was on the basis of these plottings, that  the possible 
existence of a “new” minor stream active around July 21-22 has been found. 

Upon examination, the plottings I made around July 21, 1990, seemed to show the activity 
of a radiant in the northern part of Cygnus, near $ Cygni. Now one must be very cautious 
regarding the observation of “new7’ streams: take a random area in the sky, and you will always 
note some meteors coming from that point. This is especially the case under the excellent 
observing conditions of Southern France, where dark skies result in an apparently high sporadic 
background. However, there are a iiiiiiiber of circumstances in favor for claiming a genuine stream 
in the case of the $-Cygnids. The o1,served meteors are quite similar in their characteristics and, 
more important, there is a second observation by another observer since last year. 

In 1990, the author ohservecl tcn possilile stream members during 4.25 hours of effective observing 
time, with limiting magnitiitles of S6.4,  S6.5, and $6.8, respectively, during the nights of 
July 20-21, 21-22, and 22-23, giving a ZHR of about 2 during the night of 21-22. No stream 
members have been detected while ohserving during other nights. This is the first point in 
favor of a genuine stream: tlie radiant is observed to be active only diiring a restricted period 
of three nights around July 21-22. But  there is more. All supposed members of the stream 
are credited wit11 the same characteristics while observing. They are all classified meclium-fast, 
and lack evident colors or flares. No possible member showed a persistent train, not even the 
brighter members of $2 and $1. The  plottings show that meteors appearing further auiay from 
the radiant established from the oliservations have longer trails than those appearing near the 
proposed radiant. Suggestively, one meteor appeared as a point meteor at the radiant position! 
From the plottings, a quite compact radiant of about 5” diameter could he derived, located near 
$ Cygni, whence the  name givcn here. The radiant is CY = 1gh5Srn and 6 = $51” (eq. 2000.0). 

After we had noticed the possihle stream from the 1990 observations, we tried to  get some inde- 
pendent confirmation of its existence. Dr. Peter Jenniskens examined the IIarvard photographic 
list of meteors, but found that unfortunately the lists displays a gap of five days just around 
July 21-22 (!) in which no meteor has becn photographed (not even a sporadic). Maybe this is 
the reason that the existence of a minor stream around this date was not known before. 

In July 1992, however, another observer also observed possible $ Cygnids. Michel van Vliet 
from Vlissingen, the Netherlands, observed some hundred meteors in  the period July 17-23, 
1992. Of these, fourteen meteors observed during the nights 20-21, 21-22 and 22-23 only (note 
the correspondence with the above dates!) might be $-Cygnids. They have all been classified 
medium-fast and showed no flares or persistent trains. Michael calculatccl a ZHR of ahout 3 
from his ohservations. The radiant as established from his plottings is a few degrees in diameter, 
and centered less than 2” from the radiant position found by the author in 199O! 
Combining the above arguments inakes us believe in  the existence of a genuine minor stream 
around July 21-22. ITowevcr, one must still be very cautious in making s i~ch  conclusions. For 
this reason, we would like to hear other observers’ experiences regarding this possible stream. 
This year, observing conditions are quite favorable. New Moon on July 19 will ascertain dark 
skies around July 21-22. We strongly urge observations be made around that date: please he so 
kind as to  send a copy of your olxervations to  the author (address on inside back cover). Obser- 
vations must include plottings on goocl gIionionic charts. a good limiting magnitude estimate, 
and information about velocities, flares etc. Incliide all  meteors, not only the $-Cygnids. Also 
send your observations whcn you ollserve no possi1)le shower members aroiind the stated date! 
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The 1992 erseids in Russia 
A .  Levina and V. Ynremchuk 

During the maximum of the 1992 Perseids, Crimean observers in the region of Nizhnij Novgorod in Russia were 
very much plagued by poor weather conditions. 

In August 1992, a group of five Crimean meteor observers watched the Perseid shower in the 
region of Nizhnij Novgorod (formerly Gorki), where observing sessions of young amateiir as- 
tronomers were held. 0l)servations were conducted far from towns and settlements, in skies 
without light pollution. Diie to cloudless skies, the program was carried out even in the presence 
of the Full Moon. The group was also on duty when there were clouds. The latitude of the place 
of observation was 56’1 1’ N ,  and the radiant rose quite early, but not very high. Observations 
lasted until dawn. Resides clouds, a dense haze was present during the  whole period of the ob- 
servations, due to local forest fires. Because of strong interference from moonlight, the limiting 
magnitudes were not very high, and ranged between 4.5 to 5.5. 
The  Perseids were active enough though; already i n  the first nights meteors appeared in groups. 
They were bright, had trains, and brought true pleasure to the observers. Before the maximum 
of the shower’s activity, cloiid-cover was about 20% to SO%, but the day before the maximum 
the night was clear! 

Nevertheless, in spite of waiting, during the night of August 11-12, clouds thickened, and the 
cloudiness was 100%. During the whole night, Vega appeared once or twice, but disappeared 
again immediately. Nevertheless, 38 meteors were registered. For the first 10 minutes (30 h m  30 
to 20h40m UT), 16 meteors were noted. One could think that all these meteors were very 
bright. Most of these meteors were noted by a few observers simultaneously, which makes errors 
unlikely. 

One particular layer of “fluffy” clouds had a striped structure, sometimes so uniform that the 
sight was striking. In the intervals between clouds one could see meteors only partly. The shower 
identification was made iising the direction of the train. The cloudiness made the estimation 
of the meteor’s brightness very uncertain. Estimation of brightness was practically impossible 
when there was 100% cloudiness. 

The next day, the weather changed completely. Observations became impossible due to haze 
and two layers of clouds. On the nights of August 16-17 and 17-18, which were the last in the 
expedition, i t  was raining and no observations could be conducted. 

The 1992 

Valentin Grigore 

An overview is given of Rumanian observations of the 1992 Perseids and 1992 Perseid fireballs including one that 
exploded. Two similar events that also happened near Tirgoviste (A  = 25°28’00’’ E, p = 44O57’18’’, h = 350 m) 
are recalled. 

1. The 1992 Perseids 
Three observers watched the 1992 Perseids Erom three different Rumanian sites: Valentin Grigore 
from Tirgoviste, Adrian S a m  from Bucharest, and Vasile Micu from Hunedoara. In total, 733 
meteors were seen between J u l y  27-28 and Aiigust 18-19 during an effective observing time of 56 



hours. We saw 343 Perseitls, 22 0-Capricornids, 59 Aquarids, 17 K-Cygriids, and 292 sporadics. 
The  sky conditions were very poor aronnd the maximum of the Perseid5. On August 11-12, all 
three persons started tlicir observations after 2Qh30m LTT, so they could not have seen tlie Perseid 
outburst. The  magnitiide distribution of the author’s Perseid observations from Tirgoviste is 
given in Table 1. The  mean limiting magnitude was $5.1. 

1” 1 :q- 

viste between - Ji i ly  27-28 and  August 18-19. 
Table 1 - Magnitude distrilJution for the 1992 Perseids, as observed by the author from Tirgo- 

2. The 1992 erseid fireballs 

During the Observations, 15 fireballs were seen, of which 12 were Perseids and 3 sporadics. One 
of the most important events happened dtaring the night of August 11-12, at 2Oh1Sm UT, at 
Tirgoviste. A t  that  moment, I was walking to m y  observing site. Suddenly, the trees around 
me  were very strongly illiiminattecl for one second, although the moonlight was strong. I looked 
up i n  the sky immediately, biit the fireball had disappeared. A similar event occurred the same 
night at lh2grn UT (then I saw the meteor and a persistent train for ten seconds) and on August 
12-13 at 22h1Grn UT, too, h i t  thls event was less bright. 

A -7 blue Perseid was seen in Tirgoviste on Aiigiist 11-12 at Qh4Trn UT. It had a flare over 
half of its path. Its maximiim llriglitness was reached after this flare, and its persistent train 
was broken in two parts, the first one persisting for 4 seconds and tlie second for 10 seconds. 
Possibly two people from two different sites in  Bulgaria also saw this fireliall, but,  unfortunately, 
they did not plot i t .  

3. Exploding fireball over Rumania 

The most noteworthy event during the 1992 Perseid campaign occiirrecl on August 12-13 at  
22h14m f Im UT. At  that  moment,  the sky was very foggy with a liiniting magnitude of about 
$3, and I had a break. Si~dtienly,  I was scared by a strong explosion whicli happened in the NNW 
part of the sky at 30’-40” elcvation. I was looking in that  region, but  I did not see anything. 
After the explosion followed an iritcnse riimhling which persisted for almost one miniite. This 
unusual event strongly shook the wi~icIows i n  the town of Tirgoviste (located at 4 kin from my 
observing site) and many ]3eople were scared, too. The  explosion occurred north of the town. 
No accidents were reported. 

Similar explosions have occiirred twice i n  this region in the recent past, but were of lesser 
intensity. 

The  first, on August 12-13, 1985, was caused by a brighter than -8 Perseid f i re ld l  which 
exploded in the northern part of the sky at  20’-30” elevation. After only 3-4 seconds, I heard 
the explosion sound. a short boom, implying that the fireball exploded ahoiit one kilometer from 
the observer. Its train persisted for 30 seconds. In tliat time, five bright Perseid meteors passed 
near this train. Afterwards, another four or five Perseids passed near the same place during a 
time-span of ahout 4 miniites. This event was nicknamed “the parent ant1 his children.” 

Another explosion happened on February 22-23, 1986, at 221‘35”’, and was stronger than the 1985 
explosion. I saw that  event throiigh the winclow of my home, with a view to the south. Alt l io~gh 
the sky was completely covered (it had snowed sorne time ago), i t  was strongly illiirninated for 
two seconds. Almost instantaneoiisly T heard a cracking noise. 
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Dutch 1 b s er vat ion s 
Koen Miskotte 

Observations by the group Df lphznus  from Harderwijk,  the Ketherlands, are presented. The weather was bad 
in the period from September through the  first half of J a n u a r y ,  par t icular ly  during the months of Octoher  and 
November. Due to the extremt.ly warm Nor th  Sea waters ,  there were a lot of cloiids a n d  rain. 

Observations were made during the nights of August 29-30 and September 23-24, 26-27, and 
28-29. Only the author was alile to make observations in this period. Several showers were 
observed, including, the Aurigids, Taiirids. r;-Aqiiarids, and Piscids. A total of 112 meteors were 
seen during 11.2rj hours of observing. No exceptional events were seen. 

In October a big Orionid campaign was organized, but the bad weather only permitted ohser- 
vations on the nights of October 20-21 and 21-22. On the first night, only t h e  author made 
observations under very hazy conditions and he saw eight meteors in one hour of effective ob- 
serving time. The  following night was better and diiring a number of extended very clear periods, 
Robert Haas ancl the aiithor ol)servecl a total of 182 meteors. The highest Orionid hourly rate 
was reached between 2” and :jh UT w i t h  16 meteors seen by the author with a limiting magnitude 
of 6.5 and an effcctive oliserving time of 0.96 hours in that period. Afterwards. the hourly rate 
decreased because of the rising moon. 1Ve were also able to photograph 2 meteors. The  first was 
a slow sporadic of magnitude -2, which produced two flares. The second meteor was a brilliant 
-6 Taurid, with five or six flares. Only the secor,d half of this meteor was captiired on film with 
a broken-up trail visihle on the negative. Both of these meteors were observed simultaneously at 
three Dutch Mctcor S o c i r f y  (DhlS) stations. The photographs are in the process of being mea- 
sured and reduced by Hans Bt~tIcm, photographic coordi1:ator of tlie 639ikf.F. Dae to bad weather, 
Geminid observations wcrc only possible on die  night of Decemlm 17-15. The author saw 14 
meteors (limiting magnitiitlc C,.0), two of which were Geminids, a n d  two which were Ursids. 

The campaign established for tlie 1993 uadrantids was very successful. Between December 
28 and January 4, the weatlier. was clear almost every night with only December 31-January 1 
being misty. Three observers were active on the night of January 2-3. Between l”lTjm ancl Gh20m 
UT, under extremely cold conditions (-12’ C) ,  they saw 346 meteors. Quadrantid hourly rates 
increased from 6 to 25 per hour per observer, as expected. Even as early as the first night of 
the campaign, Decemlier 28-29, a Qimdrantids were seen. Hourly rates increased from 1 to 
7 per hour during thc  pcrioti fro ccember 28 to January 2. On tlie morning of .Jannary 4, 
under hazy conditions, a peak rate of 8 Qiiarlrantids per hour per ohserver was seen. 

A little “peak” in the activity of the uadrantids around 2‘28“ UT on January 3 was very 
striking. For instance, the anthor ohserved between 2hi0’” and 2h23m UT a total of 2 Quad- 
rantids and 3 sporadic meteors ( T e ~  = 1 j m s  lm = 6.4), while between 2‘2EIm and 2‘30”’ UT, 
he noted 8 Quadrantids and :3 sporadic meteors (Tef = 5”, imll = 6.Ti). Three of these were 
bright with magnitiidcs --Q.5, -1.5, and 0, respectively! All of this occurred diiring jiist five 
minutes; it looked like tlie iiiaxitiiiini.. . The following ten minutes yielded only 2 Quadrantids 
and 2 sporadic mcteors. Are tbere any other observers who noticed this? A total of 533 meteors 
were seen during the Qiiaclrantid canipaign. 1Ve also took photographs, but the results were not 
known at the t ime this article was being written. 

111 retrospect, 1992 was a motlerate year.: only 1013 meteors were observed visiially, and only 
18 were photographed. Observers were Paul Bcnsing, Robert Haas, Koen Miskotte, and Bauke 
Rispens. The  year 1993 promises to  be very exciting; in particular. what will happen on the 
night of August 11-12‘? Some of the observers of Dtlp’hinus are going to Southern France i n  that 
period, as a part  of a liig D,Zf,S expedition. A t  least three, and possihly as many as five stations, 
will be installed in the Provence which will carry out visual, photographic and ratlio observations 
of the Perseids. The  present year. will also offer good prospects for the Lyrids, Orioiiicls, Leonids, 
Geminids, and Ursids. RcalljT, 1993 is clue to  1,ccome a superb year for meteor observers! 
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a bservations 

Personal meteor observations from New Zpaland for the period Decemher 1992 and Janiiary 1993 are summarized. 
A dramatic improvement in weather and sky conditions has been noted in recent months, with the result that 
effective observing time in January 1993 alone almost exceeded the entire personal yearly total for 1992. 

1. Introduction 

Most of 1992 was either rained or clouded out for meteor observations, with only 46 clear dates 
being visually iisefiil, a climatic problem widespread throughout New Zealand. The  weather in 
New Zealand improved dramatically i n  December 1992 and January 1993, with over 20 nights 
in January alone being perfectly clear. Bn January therefore, wliilest monitoring several radiants 
at once, the total effective hours oliscrved has almost exceeded, in that  month alone, the entire 
total for 1992. As an arlcld honus, at  tlie 1993 Stardate  Astronomy Convention near Mount 
Egmont in Taranaki, Yew Zcalancl, a magnitude -4 fireball was seen by several persons during 
an all-night observing r11n. 

2. Meteor observations 

After a rather lousy year weather-wise, things irnproved fantastically tliroughout December and 
Janiiary, with hardly any cloud or rain for over six weeks. During the 1993 Siardate Astronomy 
Convention, noted cornet hiinter Rod Aiistin and several others saw a magnitude -4 fireball 
traveling north from soiith across thc top of Mt. Egmont, which itself is an 2520 meter volcanic 
cone (discovered in 1769 by Captain James Chok) and siinilar in shape t o  Japan’s Mt.  Fuji. The 
f i re ld l  started red in color, then went green, anid flared brightly near e n d  point, letting off four 
bright “sparks.” It was moving at ahout 5O/s and left a t,rain of 5 seconds. This took place 
at 12h56m 12‘ IJT on January 23, cliiring an all-night observing session at Rahotu (pronounce 
r ~ - h o - t o ~ ) ,  near Cape Egmont. 

I have totaled m y  meteor obscrvations for last year, and found that  I did 128 hours of effective 
observing, and saw 620 nicteors. Most of Ihe showers that 1 observed were rather inactive, 
hence the low counts. Already, I have had an exceptional .January 1993, with 114.5 hours and 
435 meteors. Several of these dates, ir;cluding 1993 ,§’tardate Astronomy Convention , were all- 
night sessions, and rather grueling too, especially with up to  three showers to watch at once. 
As the old proverb says . .  . I t  certainly pays to strike wliilest the iron is hot! Tathle 1 gives 
magnitude distribution? for the showers observed in December and Janiiary. Over a 6-week 
period, I traveled extensively aronnd the rural parts of the Soiith Island to such places as Five 

iieen s t ow n , A rrow t own, I\; i ngs t on, Fi or dl a n d , linedin, Oainaru, and Marlhorough. I 
to  purchase plenty of souvenir postcards for Jlirgen and Ina Rend tcl, Paul Roggemans, 

and Alastair McBeadh. which they have all eiijoyed i n  the past. 

Skies at night were consistcwtly liettei than limiting magnitude 6.8, i n  a few caws bctter than 
6.5, and in one case even 6.9! I even managed to observe during a night t ime Cook Strait ferry 
crossing on the “Arahura” (pronounce arc-rah-her-mh), after arranging with the ship’s Purser 
to  have the stern deck lights turned off. . . a cunning move indeed! For the cliiration of the %-hour 
crossing, skies were better than 6.5 zenith limiting magnitude. 

In Table I ,  GEM is the h n i u i d s ,  ‘hW the Tail Puppids, ACR the cr-Criicid.;, P I P  the n-Piippids, LVL 
the Janiiary X-Velids, and ACN the Alpha Carinids. The  abhreviation SPO stands for sporadic 
meteors. Only two hours were ahle to be spent on the Geminids, 011 Decemher 13, between 
14h0Qm and 16h0 rn ITT, whcii even then, tlie radiant was low on my local horizon, dlie to my 
southern lati tude of 41’19’. 

1 
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Tallle 1 - hlagni tude  distributions for t h e  showers observed by the 
a u t h o r  in December 1992 a n d  January 1993. Showers are 
identified by their I M O  code. 

Shower 

GEM 
TPU 
ACR 
PIP 
LVL 
ACN 

SPO 

-4 -2 -1 0 4-1 .f2 +3 $4 +5 

3 7 15 24 3 j  5 
4 8 13 15 17 8 4 

3 5 10 17 27 26 14 7 
1 6 1 0  8 4 3 1 
1 6 5 5 8 7 3  

1 2 3 5 9 8 5 2  

1 3 4 14 22 36 32 20 6 

Tot 

89 
69 

109 
33 
35 
35 
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Already, my small nation is contributing positively to global meteoritics, in spite of my being 
the only New Zealand meinlwr of the Z,Zf0. John Morgan of Eelson, who replottcd the southern 
radiants in the 1970s for Rcrtil Lindblatcl of I A  I J  Commission 22, is now nearly 80 years old, and 
has retired from meteor ohserving due  to failing health. Jolin Drummontl of Gisborne regularly 
observes the 7-  Aqiiaricls and Orionicls for IMO Councillor Jeff Wood based i n  JVest Australia, 
but John was rccently devastated h y  the lingering painful death of his young wife Elizabeth 
from terminal cancer, a n d  it will Ise some time lsefore lie feels emotionally capable of observing 
again. I am sure all /MO m e m l ~ ~ s  extend their deepest sympathy and best wishes to John; it 
was certainly sad to  see licr siiflcr so lmdly the last 18 months of her life. 

I have not yet been able to get any  other New Zealanders to join the Ibf0. but two young 
persons approached me for 11240 pamphlets at the 1993 Stardntc A S ~ T Q T L O T ~ ~  b'oncention in late 
January, and expressed an interest i n  observing for the IMO irsing its  methods and ohserving 
forms. Already, the 1,110 has been extensively promoted at the last two Annual Co~zferences 
of the Royal  Astronomical S o c i c f y  of N e v i  Zealand, and h a s  also been promoted by way of 
public lectures at the Ca77tc7, Nntionnl  Obscrvatorg at the quarter million strong capital city of 
Wellington, where I am now cmployed as a public astronomer. 

I hope to  be able to obtain aboilt three thousand dollars in scientific funding to attend the 1994 
I M C ,  and finally meet 1i1y wsrlcl-wide IMO colleagnes at last. Over the last two years, I have 
written regularly across the world to senior Ih fO  respinsibles and observers. It is indeed pleasing 
to see photos of Il l fO pcrso::~ in WG'N from time to time, and I also feel an inner warmth in the 
fact that the IiZfO is i n c l c w l  bringing ;ill nations and Iirainan races much closer together i n  the 
common bond of friendly, global, united astronomy. Long may this happy situation continiie! 

A 1 a .s t a i r Mc Ll e a, t h 

A short review of 1993 Q u a d r a n t i d  data obtained from UK sites is given. 

Weather conditions were poor over Britain from mid-August 1992 on~vards,  and most observers 
managed very little work at all. The  sole bright spot was the Qiiadrantid shower i n  early .Janiiary 
1993, although even here, only six JA,S'I\45' members were able to make useful coritnihutions: Neil 
Bone, Shelagli Godwin, Richard Livingstone, Graliani Pointer. Ian Rigney, a n d  Roy \Vatson. 
All but two hours of the 17.9 lioiirs reported by these six were piit i n  on January 2-:3, Iwtween 
moonset and dawn, with 100 Qaaclrantids and 64 sporadics seen i n  that time. Magnitude 
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distributions for those recortld i n  good skies are given in Table 1. The  mean limiting magnitude 
was 5.9 for these data.  

Table 1 - 1993 Quadrantid and Jamiary sporadic magnitude clistribu- 
tions 

Q 11 ad r an  t i (Is 2 9 8 2 2 2 6 6 3  76 I $2.8 
SpQradiCS 5 8  1 7 2 1  6 3 1 60 I 1 3 . 0  1 

No Quadrantids left a train. although 4 (6.7%) of sporadics did so. 
Activity levels for the shower were 1ow-a mean ZHR of approximately 14 & 2 was found for 
January 2-3 overall-but sliowccl a tendency to  rise towards dawn. Best rates at around Gh-?h 
U T  were indicating a ZIIR level i n  the high ‘LOs, siiggesting, along with the shower’s faint meteor 
magnitiides, that  the true peak may well have taken place much as expected, and probalily 
before 12h UT on Janiiary 3 .  

The 1993 
Peter Zammikoval 

An account is given of Slovakian ohscrvations of tjhe 1993 Quadrantids. 

On .January 3 ,  at tlie time of the supposed uadrantid maximum, we observed the Quadrantids. 
The  ohservation took place i n  two parts, i n  the morning before sunrise and i n  the evening after 
sunset. Five observers participated i n  this observation: D. O?en&S, J. Falvicius, S. Kaniansky, 
J .  Skvarka and P. Zimriikoval. The moriiing observation was divided into two intervals, tlie first 
from 3h07m to  4”07”’ IJT and the second from 4h32m to 5h22m UT. With average sky conditions 
(limiting magnitude ahout 5.8), 98 mcteors were registered. The mean value of the ZIIR was 
25.3 in the first interval, and 18.2 i n  the second. Tlie second part of oiir observations (January 
3 after sunset) was from IG”l5’” to 16h45n’ LIT. and was made as a. control. Under had sky 
conditions (almost Fu19 hIoo11~ low elevation of the radiant) we only saw one meteor. 

A Belgian radio meteor ohscrver rcportetl strong meteor act ivi ty  from an unknown soiirce on April 18, 1993. 

On April 18, 1993, llaiirice c hleyere (Dcurle, Belgium) detected 224 meteor reflections from 
1Gh5sm to  17h28m UT with an automated forward scatter system. He watched the reflections 
appear on his PC screen, which acts like a digital scope. During the same time of day on April 
17, he detected 1 5  reflections, and  on April 19 he had 19 meteor reflections. The  freqiiency used 
is 66.17 RIHz. If yo11 can coiifirm or dcriy these ohservations, please let u s  know (acldrcss on 
inside back cover)! For the time heing we do not know about stream activity in tliis period. 
Tlie observed phenomenon is most p r o h b l y  not linked to tlie Lyrids (activity April 19-25). 
However, there have been nnconfirniecl reports i n  the past about meteor activity i n  the second 
half of April.  Tlie 0-Bootids are another stream norrnally active later in  the month. 
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Do not miss it! 
International Meteor Conference 1993 
Puimichel, France, September 23-26, 1993 

The 1993 International Meteor Conference will take place at the Observatory of 
Puimichel, in the French Haute-Provence, a most beautiful area. At last, an op- 
portunity is afforded to South-European observers to come to an I M C  that is nearby, 
and for others to meet them! 

The choice of the conference site also makes it possible for participants to come earlier 
to observe, and use this unique opportunity to compare your own observing skills with 
those of colleagues abroad! 

But, you must not hesitate any longer! The number of participants that can stay in 
Puiniichel is limited, and only a few more places, at a small extra cost, are currently 
available. Contact Paul Roggemans immediately if you do not want to miss this unique 
event! It would be tragic if you were unable to participate in the 1993 I M C  simply 
because you returned your form late. 

As usual, the IMO will publish proceedings of this IMC 

What to  do in case of a Perseid outburst 
on August 11-12, 1993: 

Read the article on pp. 95-96 of this issue attentively! 

As soon as you notice exceptionally high activity relative to your observing conditions, 
report to 

0 Puiniichel, France, tel. +33-92 79 94 28, or 

0 Hove, Belgium, tel. +32-3-455 07 32. 
Keep communications short! Avoid communication when a strong display is in full 
progress; only report at the beginning of unusual activity. Also do not use the above 
numbers for inquiries and do not pass these numbers on to the general public. 

After your observations have ended, communicate a more complete report on the 
shower’s activity 

0 by phone to Puimichel or .4ntwerp, 
e by fax to Hove, fax +32-3-4542297, or 
0 by e-mail to Marc Gyssens, gyssens@wins . u i a .  ac .be. 

The deadline for the complete preliminary report is August 12, Sh UT. 




