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The December Issue (WGN 19:6) 
The December issue is expected to be mailed early to avoid the traditional Christmas jam in 
the mail, i.e, at the end of November. Therefore, contributions are due November 5 .  They 
should be sent to Marc Gyssens or to any member of the editorial board (addresses: inside of 
back cover). 

WGN Subscription/IMO Membership 1992 
The subscription rate for volume 20 (1992) is 25 DEM for six issues. Additional gifts are of 
course welcome. It is anticipated that volume 20 will contain over 240 pages. More concrete 
subscription information can be found on pp. 169-170 of this issue. 



N'GN, the J Q U I - ~ ~  of the IMQ 19:5 (1 991) 169 

Marc Gyssens 

T h e  concurrence of several circumstances of various origins caused a c o n s ~ d e r a ~ ~ e  delay i n  producing this iss'ue, 
f o r  which we apologize. I n  compensation, we are able t o  r Y O U  once again a thick issue; we hope YO'U will 
enjoy i t .  A n y h o w ,  we promise that the December issue (w will have t o  be a "normal" o n e )  will be sent oui 
early! 
There is however one delay-causing circumstance f o r  which we are not sorry: a spectacular one-hour outburst o f  
the Perseids  on  Augus t  12 around €6h U T  witnessed b y  several observers in Japan. For t h i s  hour,  ZHRs of up 
t o  400 and more  were recorded! One  of the reasons f o r  which we postponed the p ~ b ~ ~ c a ~ ~ o n  ~j this issue was t o  
provide you with as m u c h  accurate information about this event as is possibde ihis early. In ~ a r ~ ~ c ~ ~ a r ,  we are 
grateful l o  the Japanese observers f o r  the p h o t ~ g r a p h s  they  supplied us  with, one of which Y O U  already saw on t h e  
front cover. 
Apart f r o m  its intr insic  scientific value, 1 ihink 1 ere tire two Iessons l o  be learned from 1 
should be emphasized that several Japanese observ s were a l r e a d y  der ied  t o  some ezieni  by 
an article in Sky and Telescope, d ~ s c ~ s s i n g  the double Perseid p e a  in 1'988 and 1,689, Id is sa{e t o  say 
that the good coverage of the outburst in Japan is dar.9ely diie t o  o t o  confirm this y e a r  t h e  first 
peak  o f t h e  double maz irnum.  Admit ledly ,  the outburst w ovded a n y ~ a y ,  but ~ i ~ h o u ~  Ihe 
ezistence of an internai ional  organization such as the I een impossible t o  place this even2 in 
a proper coniezi as we can d o  now! A n d  second, the 1991 Perseid outburst proves once again ihat surprises are 
always among the possibilities during meteor watches. If should remind observers that they should never  weaken 
ihe ir  at tent ion i n  ~ o ~ ~ ~ o r i n g  meteor activity. It would really be a shame ihab i m p o r ~ a n ~  events such as this most 
recent one would be missed s imply because ezpectancy is I C W !  
We also need t o  say a f e w  words about the IMC. Alihough Ihe number o f p ~ r ~ ~ c ~ p a n ~ s  was s ~ ~ g ~ ~ ~ y  down ihis year, 
ifhe event was once again a high level exchange of ~ n j ~ r ~ ~ a ~ i o ~  nnd ideas between meteor 111orKers, both amateurs 
and professionals. T h e  very smooth organization of Ihe confewnee a d d e d  t o  this  general Peeling. Those that 
stayed a t  home really missed something and should consider corning nezi y e a r ,  especialby since dike 
held in conjunct ion with ih,e International Astronomical Symposium on Meteoroids and their Parei 
Czechoslovakia. So, a lot  of professionals are expected t o  ail'end i h e  MMC. BIoreover, being able l o  participaie in 
both events will probably aitraci several overseas IMO members  t o  a i l e n d .  Therefore we hope i h a t  t h e  1992 IMC, 
the f i r s f  one thai  will also of ic ial ly  be organized b y  the XMO, ,t;iii become f h e  ,first really ~ n ~ e r c o ? i ~ ~ ~ e ~ ~ a ~  IIvIO 
meeting as well. M a k e  sure you will be there! 
Final ly ,  IMO members  should find enclosed a voiiizg ~ u ~ ~ e ~ i ~  regarding ifie cha,nge i n   members^^^ slaius l o  voling 
member egective January  1, 1991, of several of our associafed members .  If Y O U  are a voling member now-and 
only i n  this  case!--you should cast your  vote as indicated on the j o r m .  

1 I 

Ins Ren,dtel a 

On September €9,  1991 the 1MO Council has decided at its meeting in Potsdarn to raise ?he an 
ship sub s cript ion dues to 2 5 . People outside Europe wishing air 
remind you that we have been able to maintain the old fee for four consecut 
for your understanding for this increase. 

Gontardstrafie 11, D-C)-.1570 Potsdam, Germany. The 
100 100 10 (Postgiroanrt lO00 Berlin). Please note t 

If you do not have access to a postal account yourself, we advise you to inquire a t  your local post ofice as to 
how to make the transfer. However, y o u  could also consider sending the required amount to Ina cash, in bank 
notes. Although involving some risk and not always being allowed by postal regulations, this is by far the easiest 
way to pay? TO redu e not visible t,hrough 
the envelope! Please k send ~ n t e ~ n ~ t ~ o n a ~  ost  of the former 
GDR is still not abl 
People who can only paya,ble in USD 
to Peter Brown (ad airmail delivery) or 
28 USD (including overseas airmail delivery for tions outside Europe). Both amounts contain 2 USD for 
banking costs. Please, do not send checks t t ~  endtel! 

________I__ 

Preferably, payments should be made in in German marks iro) account of Iaa 

e ~ ~ @ ~ ~ ~ ~ ~ n e ~  together with t e postal a c c ~ u ~ t ~  

m a bank acco 
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For some nationalities, there exist special arrangements. Belgian members/subscribers can pay 500 BEF through 
Paul Roggemans, using the transfer form we included for them in this issue. British readers can pay 9 GBP 
through Alastair d e a t h .  Finally, Japanese subscribers can pay 2100 JPY (without airmail delivery) or 3400 
J P Y  (including airmail delivery) through Masahiro Koseki. All addresses appear on the inside of the back cover. 

Apart from this bimonthly journal, the IMO has a lot of other publications to  offer. A price list is printed on 
the back cover. We take the liberty of suggesting you to order the publications you are interested in together 
with your renewal; in this way, you minimize the hardships involved in international payments. Please note that 
all publications can be ordered through any of the above persons, provided you pay in the prescribed manner. 

Finally, two more words. First, we want to remind our readers that  as a matter of principle we run WGN on a 
tight budget. Therefore, additional gifts are very welcome. Please pay a little extra to support your journal, if 
you can. Second, renewals came in very late last year. As a consequence, we had serious difficulties in determining 
the number of copies that had to be printed of the February issue. Therefore, we urge you to renew early this 
year. Thank you for your cooperation! 

Letters t o  
compiled by Marc Gyssens 

On bended meteor tracks 

In  the August issue (WGN 19:4), p .  136, Gotfred h'ristensen reported his observaiion of a bended meieor track. 
In  an editorial comment i t  was added that a meteor entering the atmosphere under a very low angle can bounce 
back on a denser layer of air, thus causing a bended meteor track. From Ray h'oschack, we received the following 
criticism t o  this suggestion. 

The editorial remark concerning the unusual meteor track is generally true, but such an  effect can only be the 
result of a meteoroid moving parallel to and in the vicinity of the horizon. Otherwise the perspective does not 
allow to  detect the slight change of direction. In the reported case the meteor moved nearly exactly along an 
azimuthal great circle. For such meteors changes in the altitude above the Earth's surface cannot possibly be 
detected as changes in the direction. 

Generally, dramatic changes in a meteor's direction are impossible. This follows from the simple rules of me- 
chanics. The impulse as vectorial property is defined by f = mv'. Any change in J requires a force F given 

- d f  dmv' 

4 -. 
by : 

F = - = -  
dt dt 

In the reported case the component of d i n  the original direction of flight became zero as the meteor changed 
its direction by 90'. Let us estimate the necessary force. The change of direction took place within about 0.05 
seconds. In this time span a force: 

+ A(mv') F=- 

must have been exerted. Since the component of v' in the initial direction of flight became zero we can write the 
vectorial equation for this component i as: 

At 

For a meteor of magnitude +2.5, the mass is about 0.05 g for vi = 30 km/s and 0.0025 g for vi = 60 km/s. In the 
first case a force of 30 W and in the second case one of 3 N would have been necessary. We see there are many 
impossibilities: 

1. Where should a well-defined, short-acting force of this order come from? 
2. A particle would not survive the action of such a force. 

This means that  only very slight changes in meteor direction can be considered possible. More dramatic changes 
in the direction have their origin in the perception by the observer. A short, reflex-like closing of the eyes for 
instance can cause parallel shifts (as rcportcd) or tilts. 

Ralfli'oschack, September 9, 1991 
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rrata 

eath reports that in WGN 19:4, p. 166, he ma vertently gave the wrong year for the last BAA 
Meteor Section meeting in Britain. It should be I986 instead of 1985. We apologize to  the 
Section for any discommodity this may have caused. 

erseid Meteor Shower from Long-Basis 
Observations”, WGN 19:4, pp. 142-147, a notational inconsistency slipped in, for which we apologize. 
Please substitute the three occurrences of “C12” on p. 146 by ‘ ‘ L B ~ ” .  

0 In the process of editing the article “Large-Scale Structure of the 

Cis Verbeeck 

This year, the I ~ ~ e r n a ~ ~ o n a l  Meteor Conference (IMC) took place near the city of” Potsdam, in 
SchwieIowsee”, a t  a lake with the same name. The first participants arrived in the early afternoon on 
19. Jurgen Rendtel was already waiting for them in the reception hall of the hotel. Gradually, more people 
gathered and a lot of informal contacts were made. Dinnec was served at l B h ,  and the Presidenl; opened the ULfC 
officially a t  2 0 ~ .  
After this, Rainer Arlt chaired an introduct,ory session. An overview was given of the activities of the AKM group 
a t  Potsdam, illustrated with many slides. Also the ci ty  of Potsdarn, with its many beautiful and interesting sites! 
was “visited” by means of a number of slides. This introduction ~ v a s  planned to last until 22h ,  bui, because of the 
enthusiasm of the participants, Casper ter Kuile and Axel Baas decided to show some of their slides too. Casper’s 
slides covered the photographic Geminid campaign in Lardiers he had performed last year with some coiieagues, 
while Axel’s slides reported on last year’s IMC in Violau. Finally, the session was finished v;ell after 
several people already went to bed, the Council Members starled their meeting. They finished around Ih .  
The  lecture program started Friday morning a t  gh .  rrie cpened with a report on his double-station 
photographic work on the Perseid radiant. Then, Petr orled on his simultaneous Perseid observations, 
telescopically and by m ns of a Ti’ camera. Casper told IPS more aboiit his photographic Geminid 
campaign of 1991, and r. Be!’kovich put forward h ts on processing visual observations. Finally, 
Dr. Andreev discussed the spatial structure of the Leonid meteor stream. After a short break, Mark ?Tints 
talked about meteor trains and telescopic met ponding to questions of the audience, Mark decided to  
start  collecting train dat,a in IMO. Then, Ralf pointed out which types of plot,ting errors caii occur in 
visual observations and the consequences thes have for shower association. His work 6s based upos a lot. 
of observations performed by some IMO members, who joined in the project. They invented different types of 
radiants (different altitude, size, . . .) and tried to  observe these “showers”. 
At l a h ,  we enjoyed lunch and the program restarted a t  ISh. Workshops were held till 23“ (with a lot of 
breaks in between), and various IMO and other publications c c d d  be purchased. The workshops included the 
demonstration of a computer program simulating telescopic n;et,eors (by Jaroslav Gerbos et al.) ~ the program 
RADIANT (by Rainer h i t )  which detects radian-ts when given enough positionad meteor data  by P o s  
computer-aided meteor observations (by Mirko Nitschke et a l ~ ) ,  a discussion on the observability of minor showers 
by Ralf Koschack and an  evaluation of IMO’s pu”a!icatlsn policy chaired by Marc Gyssens. Finally, Dr. Andrzev 
gave an  account on the Second International Tunguska Expedition, richly illustrated with slides. Friday was a 
quite heavy day, full of lectures and workshops, but thanks to  the good timing and the almost perfect orgazization, 
nobody became bored. On the contrary, the whole conference was charaderized by a general feeling of enthusiasrn 
among all participants. 
Saturday’s lectures commenced a t  Sh45”. Jurgen Rendte! commented on the 1991 “Asteroids, Cornets, Mete- 
oroids” conference, and Dr. Andreev continued his account o ~ ,  the Second Internat’ionai Tunguska Expeditios. 
He also told us that  plans are being made to  set up a third expedition, an everyoire present 
to  join the expedition. There was also a poster session. A Iot of people had presented their work, results, t,heir 
team or other interesting items in the form of posters. For the exact contents of this oster program, I refer to 
the proceedings of this I 
We had lunch a t  11h30m, and a t  noon we departed for a trip through the region. We walked far aho 
minutes, and then boarded a boat on the Schwie!owsee. 
lakes to arrive a t  Potsdam. 

had a 50 minutes’ boat trip on this 
First, we visited the a.strophysical observatory and the “Einsceinturm” , a solar 
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observatory, where Jiirgen (who works there) guided us. We also visited the Nikolai Church of Potsdam, which 
looked puzzlingly new, being so big and majestic. The boat brought us back to the hotel for I 
Assembly. A report on this meeting can be found elsewhere in this issue. Afterwards, we enj 
stayed outside until late, chatting, drinking and laughing. 
Sunday started at gh3Qrn with a lecture of Vladimir Porubcan on the Taurid meteor complex. Unfortunately, 
Dr. Porubcan could not attend the conference, so Daniel OEenas read his report. hlalcolm Ciirrie presented the 
lecture of Graham Wolf on the Taieri Plains fireball of May 6 ,  1985, in New Zealand. A lot of people had reported 
this fireball as being electrophonic. Dr. Alexandra Terentjeva closed the series of lectures with some fascinating 
meteor puzzles. Around mans thanked the organizers on behalf of 
the participants and hop n Smolenice, Czechoslovakia which will be 
heid in connection with d to leave for home, but some stayed a bit 
longer to enjoy the beauty of Potsdam or Berlin. 
I think every participant will agree that this ly as socially. Although 
the number of participants was lower than in , the level was high and 
probably even more appreciated by this smaller core of meteor workers. We were also glad that three professional 
meteor astronomers participated. It is clear that  such an inspiring week ken place without 
the thorough and skillful organization of Jiirgen and Ina Rendtel, And& rlt . In name of all 
the participants, I thank you very much for this splendid IMC!  

on, the conference was closed. Paul 
to  see everybody again a t  the next 
rofessional conference. Soon, people 

was outstanding, as well scienti 
u (a lot of people could not att 

ns 
_~ 

At about lgh  on September 21, 1991, the Third General Assembly of the ~ n ~ e r ~ a ~ ~ Q ~ u ~  eieor O r ~ u n i z ~ ~ ~ @ n  was 
opened by Surgen Rendtel. This General Assembly was announced as a purely administrative meeting according 
tfo the IMQ Constitution. Some decisions taken by the Council were to be announced as well. 
The Secretary-General, Paul Roggemans first gave an  overview of rninistrative activities of the dM8.  The 
main point here was the creation of different publications. Three 
Observing Calendar’’ (A ,  McBeath), the “IMQ Commissions” bo 

oschack) I Some members though id not receive all. issues since the numbering did 
not follow. The secretary explained that every 1 oklet has a number and that ,  while periodically 
a new edition may be prepared, the original num (the year indicating the version). In 1991, a lot 
of work has been put into the preparation of three handbooks: the Photographic, the Radio and the Visual 
Handbook. These handbooks will appear in early 1992. The proceedings ol” t were planned to be 
the first edition in a new IMO series that will cover the proceedings of every ndard presentation. 
Despite very concrete arrangements the final editor modified the presentatio uence of which these 
proceedings were not yet a real IlclO publication. The Secretary-General finally emphasized the importance of 
the immense correspondence kept by different IMO responsibles. One problem mentioned was that SO far letters 
are often addressed to the wrong person, instead of to  the person responsible for the subject concerned. 
The  Treasurer, h a  Rendtel, gave an overview of the current financial situat,ion. One important announcement 
was that the Council decided t o  increase the IMQ membership fee (and subsequently the WG” subscription) 
from 20 DEiM to 25 
printer. This facility offered so far very cheap printing possibilities, but if a major ~ u ~ f u ~ c t ~ ~ ~  would occur, 
forcing IMO to  step towards a coinrnercial printer, we would see our production costs increase enormously at 
once. Since also some small price increases in postage and printing can be expected, it was wiser to  take a more 
realistic att i tude towards the membership fee, also taking into account the amount of information we offer in 
return. The adniinistration costs show a big deficit caused by the fee bad to pay to obtain t,he official 
publicat,ion of its Constit,ution and also because of the rather much incre banking costs which did not occur 
in previous years. The publications’ fund has a big positive balance due to  the sale of previous years. In the 
budget for 1992 most of this reserve will be used to print the three handbooks. WGN also keeps a considerable 
reserve fund, although three issues for 1991 still had to be paid. There were no questions about the financial 
report on 1991 or about, the budget for 1992. 
Kext, the Commission Directors were invited to describe their activities since the last General Assembly. First, 
Andrk Knlofel reported on the achievements of the FIBAC. Radio fireballs were added and several people con- 
tributed with new material. The second Director, Malcolm Currie, sketched the plans of the Telescopic Com- 
mission, Attempts had been made to produce charts for telescopic plotting of meteors and positional data were 

. h a  explained the rather uncertain condition of the prinling device used by 
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obtained for a number ervational sessions. Finally, chack summed up the work of the Visual Corn- 
mission. The classic reports were collected and 1yzin.g programs of B were rewrit,ten 
and applied to some a . Further, the posional plotting data  were col?ect,ed in atabase in which 
visual positional data  are stored. The accuracy 
analyses of positional data  a program called R 
commissions were not present and did not prov 
The change in membership status of new associate merrihers L O  voting rnernhe 
had any comments on the list of proposed new voting members. Jiirgen R 
announcements to be made as a consequence of the Councii meeting. 
First, the Council had decided to discontinue the Computer Cornmissh .  The reason was that  everybody had 
to write his own programs and no support was provided by the C.hrnpuier Commission. There were a h  some 
complaints about the functioning of the Computer Commission, It was therefore considered that i t  did not make 
much sense to continue having this comm ion. Second, three n v C7ouncil ’casks were 
Supervisor, a task that will be shared by 
IMO publications, they will also coordinat 
ISBN numbers, supervise layout standards, e 
keep an overview over the material accumula 
. . .). This should also improve the cooperation between the va.rEous commissions. 
act as Conference Supervisor, in order to avoid that iocal organizers wouici forget important aspects of IMO 
conferences. 
In connection with this last point i t  was also dec d that the IMC will become an liW0 conference. ‘This way, 
the status of the BMCs will be much cle will have its meeting like all other associations. f n  practice 
nothing will change in the character of part,ic:uiar, everybody is welcome, also m-JM0-mernbers 
The next IMC is already planned as an conference to be held in Czechoslovakia from ly a to 6 ,  1992. A 
local organizing committee has already been established and is esently working hard to  prepare the meeting. 
Next year’s IMC will be followed by a professional syrnpos?um ‘‘ teoroids and their Parent bodies” from July 6 
to 12.  Both the IMC and the Symposium are in the same location, namely the castle of SmoIenice. This formula 
offers the possibility to all people to attend both everits and will bring together professional and amat,eurs, also 
from beyond Europe. 
Since no further questions QP remarks were raised, the General Assembly c o u ~  be closed at about xP. 

vi.nz,l piclttings was 
M . .  ‘T was devtlope 
us with a report. 

. Gyssens and A. M c  eath. They vtliil @roo 
and t h e  production of the 

ggemans will act as Commissi 
commissions (archive, publica 

cations (attribute 
rvisor, in order to 

communicated by kceul Roggemans 

The price of the 1992 IMG is estimated to be  150 
registratiorr. The IMC’s final day will parallel the 

; a prepaynient will be requeste 
ay of the professional 

ie5 in the same building. 
uly 12. IMC participants can s ,  Which W i ? I  Cost about 250 

Conversely, participants of the Symposium interested in amateur work are expected to 
Bringing these two events together, a unique ~ccasion is create for all professional and amatenr meteor workers 
to meet and to  organize mutual cooperation. The  longer perio from July 3 to 12 will also niake it more 
worthwhile for people overseas to come, opening perspectives intercontinental IjWO meeting. Send the 
preliminary registration form on the next page to  in order to  receive more information. 

Computer virus infection at t 

R.ainer Arlt informed us that he detected a computer virus I n  his copy o f t h e  ~ A ~ I A ~ ~ ~  program. Most, p ~ b a b l y ~  
the infection occurred a t  the latest IMC in Potsdam. The  virus is called “Tequila” and affects ehe boot sector 
sf the system as well as executable files. in, e.g., t,he size of the fiie. The only 
programs we know of that detect the virus are called “PC Police” and “SCAN 7 . W 8 0 ” .  

IMC participants that  copied software on the PC present there are hence urgently requested to check h e i r  system 
in order to  prevent serious damage to  their software! 

owever, it does not show7 id 
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International Meteor Conference, July 3-6, 1992 
, July 6-12, 1 Internat is a1 Astronomical Sym 

Smolenice Castle, Slovakia, CSFR 
Preliminary registration form 

to participate at these events: 
The undersigned wishes to receive further information about the IMC and/or the IAS in order 

Name: 
Address: 

Phone: - Fax : E- M ail : 

Interested to attend: IMC only, July 3-6 Yes/No 
IAS only, July 6-12 Yes/No 
IMC and IAS, July 3-12 Yes/No 

Wishes to present, a poster/lecture/workshop (can be given later too), the title of which is: 

Date and signature: 

Send this form to Daniel OEenas, M. Razusa Street, CS-97 400 Banslca Bystrica, Czechoslovakia, 
phone: $42-88 54 264. 

ew Earth- razing Asteroids and Cornets 
Christian Steyaert 

The number of new EGAs discovered the last three months is fairly representative for the current rate of discovery. 
This time there are two cornets as well with short approaches to the Earth’s orbit (not necessarily to the Earth 
for the current perihelion passage): 1991 q Levy and 1991 t Hartley 2.  Attention for the case of 1991 q Levy was 
already drawn in [l]. To the knowledge of the author, no observations have been obtained. 

Table 1 - Closest approaches of new Earth-grazing asteroids and comets. 

Name 

1991 EE 

1991 OA 

991 RB 

991 RC 

991 q 

1991 t 

IAU 
Circ 

5326 

5322 

5344 

5338 

5325 

5324 

(2000.0) 

225034 
339092 

279040 

152058 
353036 

71084 
313069 

337010 

52008 

Date 

May 06.3 
Sep 02.8 

Jul  01.7 

Feb 21.9 
Sep 16.7 

Dec 04.5 
Aug 06.6 

Aug 30.9 

Nov 14.9 

Shortest 
distance (AU) 

0.1470 
0.0276 

0.0571 

0.1850 
0.0422 

0.1289 
0.0703 

0.0750 

0.0327 

18.6 
19.0 

14.1 

20.6 
21.1 

24.8 
25.0 

21.0 

16.2 

ff 

(1950.0) 

20500 
18508 

15307 

31905 
1205 

8605 
121P2 

32600 

29601 

6 
( I  950.0) 

-1504 
$2000 

-1101 

$0906 
-4101 

$1606 
$2304 

-5902 

$1207 

[l] P. Brown, “Possible Meteor Activity Associated with Comet Levy”, WGN 19:4, August 1991, p.  141. 
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1 
Je f l  Wood 

1. Introduction 

The months of November and December are characterized by the large number of major showers that are active 
at this time of the year. The Geminids, P u p p ~ d ~ V e l i ~ s ,  lirsids, Taurids and Leonids together with a host of 
minor streams make for an excellent period of viewing. Even though southern hemisphere observers are favored 
by summer weather, northern hemisphere observers are to be encouraged do get out and brave the cold winter 
nights. Table 1 lists some of the more important showers that occur during November and December and Table 2 
shows the observing conditions moon-wise. 

Table 1 - A list of visual meteor showers to be seen during November and December. Streams marked with 
an asterisk only produce the indicated ZHR in certain years, and otherwise produce much lower 
activity. 

Shower 

Orionids 
Taurids S 
Taurids N 
Leonids" 
Monocerotids (Nov) 
X-Orionids 
Phoenicids' (Dec) 
PuppidIVelids 
Monocerotids (Dec) 
o-Hydrids 
Geminids 
Coma Berenicids 
Ursids" 

l__^ll 

ff 
__I_ 

5IG 
5 9 O  

152" 
1 1 7 O  
8 2 O  
IS" 

120° 
100' 
12TG 
1 1 2 O  
175= 
21a0 

~ 

adiant 
- 
6 

i 3 6 O  

+ 1 3 O  
4-230 
;22* 
- 0 6 O  
+23' 
- 5 3 O  
-45E 
114"  
$ 0 2 O  
+33O 
+25* 
+75O 
___s_. 

iam. 

rift 

Aff A6 

+ O P 1  

- 

-0P4 
--n?1 

OP0 
i 0 P  1 

0P0 
-0:2 
-O?I 
-0P2 

__l__j 

Table 2 - Moonlight and observing conditions in November-December 1991 

Friday November 1 
Friday November 8 
Friday November 15 
Friday November 22 

Jw 

__ 

66 
2 1  
29 
71 
60 
28 
18 
40 
42 
58 
35 
65 
33 
I.__ 

- 
r 

- 
2.9 
2.3 
2.3 
2.5 
2.7 
3.0 
2.8 
2.9 
3.0 
3.0 
2.6 
3.0 
3.0 
___I 

ZIPR 

25 
TO 
8 

storm 
5 
3 

100 
1 2  
5 
5 

110 
5 

50 

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

November 6,  December 6 

November 21, December 21 
November 28, December 28 

The illuminated part of the Moon is always given for Oh UT or1 the date indicated. The dates of the phases of 
the Moon are also given in UT. 

2. Taurids 

This shower is broken up into several substreams, the most important of which are called the Northern and the 
Southern Taurids respectively. The Taurids have one of the longest periods of activity known and last from 
September 13 through to early December. They reach a broad maximum in late October and early November. 
Although the date of maximum for the Southern Taurids is given as Novernber 3 and that of the Northern Taurids 
as November 13, these were derived from the orbital elements and not from visual observations. A t  maximum, 
Taurid activity can be very erratic with rates ranging from 1 or 2 meteors per hour to as high as 10 or 15 meteors 
per hour. 
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With the radiant positions reaching culmination just after midnight, Taurid meteors can be observed for most of 
the night. The Taurid meteor stream is noted for its many bright colored meteors. Although the dominant color 
is yellow, many orange, green, red and blue fireballs have been recorded. This together with their relatively low 
geocentric velocity means that they can be recorded more easily on film than most other showers. Perhaps you 
could try and photograph some for the IMO Photographic Meteor Database .  

Although the Moon affects viewing after the middle of November, the Taurids are generally free of its influences 
for most of the period of major activity. Observers are encouraged to carry out an extensive Taurid watch this 
year. They should center their field of view some 20’-30’ east or west of the radiant positions a t  a declination 
of $10’ to $20’. All possible Taurid meteors should be plotted. 

3. Leonids 

The Leonids are the second November meteor shower that has produced a meteor storm, the last occasion of 
which was in 1966. They are a young stream, being produced by the debris of comet P/Tempel-Tuttle which 
means that ,  like the parent comet, they have a 33-year periodicity in their maximum activity. As we are now 
within 8 years of the next return of the parent comet and hence the next predicted storm, Leonid rates should 
be on the increase. 

In 1991, the Leonids will be subject to some interference from a waxing moon that reaches Full Moon phase on 
November 21. They should be observed during the last few hours before dawn a t  maximum (November 17) after 
moon set when the radiant is high above the horizon. 

4. Phoenicids 

The Phoenicids are active from November 28 through to  December 9,  with a maximum occurring on December 
5. The Phoenicids produce variable activity which ranges generally from 2 to 10 meteors per hour. On a couple 
of occasions, notably 1956 and 1974 the rates reached 100 and 25 per hour respectively. The Phoenicids are not 
affected by the moon in 1991. Southern hemisphere observers should endeavor to get as many observations of 
this shower as possible. They should center their field of view within 40’ of the radiant position and plot all 
possible Phoenicids seen. 

5. Puppid/Velids 

From latje October to late January there are a series of radiants active in the constellations Carina, Puppis 
and Vela. These are known as the “Puppid/Velids”. Since there are several sub-streams in the complex, the 
Puppid/Velids exhibit several maxima. The strongest of these occur during the month of December and in early 
January. Rates at this time can reach 12 to 15 meteors per hour. On some occasions, notably during the period 
December 3 to 12, rates of 20 to 25 meteors per hour have been recorded? 

As with all long duration showers, the moon is invariably going to affect some of the activity period. With this in 
mind, the IMO requests that  southern hemisphere observers concentrate on this shower over the following dates: 
November 1 to 18 and December 1 to 16. Observers should plot all possible Puppid/Velids seen unless the rate 
exceeds 10 per hour when classified counts should be made. 

From November 14 to 18, southern observers should choose a field center around a = 120’-150’ and 6 = -20’ 
so that they can monitor the Leonids, November Monocerotids and the PuppidlVelids simultaneously. From 
December 1 to 16 they should look close to the radiant area and observe the Puppid/Velids only when the 
Geminid radiant is below 20’ in altitude. Once the Geminid radiant reaches this altitude, they should then 
concentrate on this shower. On other dates, the Puppid/Velids may be monitored all night with the observer 
having a field center on or within 35’ of the radiant position. 

Table 3 - Radiant positions of the Puppid/Velids in November and December. 
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6. Geminids 

177 

This is one of the major calendar events of the meteor year. The Geminids are visible from both hemispheres 
and provide excellent rates of around 100 meteors per hour each year. The Geminids are active from December 
7 to  17 and reach maximum on December 14. They are noted for their many bright yellow-orange meteors. 
With the Full Moon occurring on December 21, conditions are very favorable for viewing the Geminids in 1991. 
Observers should only plot any Geminids seen if the ZRR is less than 10 and this will be the case outside the 
period December 10-15. Otherwise classified counts shorzld be made. 
The  Geminids are good viewing for most of the night In the northern hemisphere. In the southern hemisphere 
they are best observed from midnight through the dawn when the radiant reaches an elevation of 20' or more. 
Before midnight, southern observers should monitor the Puppid/Velid stream. Observers should have a field 
center situated no more than 40' away from the radiant position. 

Table 4 - Radiant positions of the Geminids. 

7. December Monocesotids 

This shower is active from November 27 to December 17 with a maximum ZMR of 5 on December 11. The TMO 
requests that  observers give this shower attention after the Full oon period of late November. The shower 
should be observed in conjunction with the Geminids. Care sho be taken to distinguish between meteors 
from both showers. To aid this, the observer's center of field of view should be located a t  Q = 105°-1200 and 
6 = 0Oo-+2O0. All possible December Monocerotids as weil as meteo possibly belonging to the Geminids 
or Monocerotids (i.e., those difficult to distinguish) should be plotted. eteors belonging to the Geminids or 
sporadics should be counted only. 

On the nights of December 12-13 and 13-14 it is senseless to analyze the Monocerotids since the activity of the 
Geminids is vastly superior and the ZHR of the December Monocesotids becomes polluted by the high Gerninid 
activity. Therefore, observers are asked to concentrate on the Geminids on these dates. 

Table 5 - Radiant positions of the December Monocerotids. 

8. Coma Berenicids 

The Coma Berenicids are active from December 12  through to  January 2 3 .  The maximum of 5 meteors per 
hour occurs on December 17. They are best seen during the last few hours before sunrise from the northern 
hemisphere. Northern observers should endeavor to monitor the Coma Berenicids after the period of maximum 
Gerninid activity (December 12-14) from December 14 to 17 before the Moon prevents further observation. They 
may also be observed the last few days of the month. Observers should center their field of view within 40' of 
the radiant position and plot all possible Coma Berenicid meteors 

Table 6 - Radiant positions of the Coma Berenicids. 
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9. X-Orionids 

This shower is active from November 6 to December 15. A maximum ZHR of 3 is reached in early December. 
The X-Orionids are characteristically very slow brightly colored meteors. The IMQ requires urgent observations 
of this shower in 1991. They should watch from December 1 to  15 with a center of field of view a t  about CY = 90' 
and S = $20' so that  the other showers, the Geminids and Monocerotids can be monitored simultaneously. All 
possible X-Orionids should be plotted. 

Table 7 - Radiant positions of the X-Orionids. 

10. u-Hydrids 

The g-Hydrids radiate out from the head of Hydra during the period December 3-15. Maximum ZHR is 5 and 
this occurs on December 11. This shower can be monitored simultaneously with the Monocerotids, X-Orionids 
and Geminids if a center of field of view of around CY = 105' and 6 = $15' is used. All possible a-Hydrids seen 
should be plotted. 

Table 8 - Radiant positions of the a-Hydrids. 

Telescopic Notes: 1991 Novem 
Malcolm J .  Currie 

Bad weather during August at a number of sites hampered Perseid watches. Personally, it  was the worst Perseid 
season I could recall. Only a night and a half was possible. Fortunately, Mark Vints tells me that he saw about 
500 meteors during a campaign from Lardiers in Southern France. However, only a few percent of these appear 
to be Perseids. Mark's quick inspection does not reveal any strong activity from other radiants. In 1989 the 
northern radiants were subtle deviations from the sporadic noise. This could easily be the case this year and 
therefore will require more detailed analysis with the RADIANT program. 
As far as the near future is concerned, the phase of the lunar cycle is again favorable during the period under 
consideration, and provides many opportunities for the telescopic fan. 
Although the moon is just  two days before full at the maximum of the Leonids,  it  sets not long after midnight 
from mid-northern latitudes just  as the Leonid radiant attains an observable altitude. In the days leading up 
to maximum, the moon does not interfere a t  all. As we approach the possible storms of 1998 and/or 1999 we 
should not neglect the showers prior and subsequent to the headline years. The points made in the last of these 
Notes concerning the Draconids applies also to  the Leonids-we have a concentrated core of meteoroids that is 
gradually being dispersed due to  external forces and their slightly different orbits. I t  is important for the IMO to 
map the distribution of a range of meteoroid masses around the orbit in order to test theories of stream evolution. 
In this respect the telescopic data  are as important as the visual. Since rates and luminosity functions are the 
most-important goals, wide-field instruments are preferred. Watches outside the normal activity dates would also 
be of interest. I t  is often forgotten that the vast majority of meteors in the 1966 storm were faint-people recall 
the trained fireballs-and so the Leonid shower is a good candidate for telescopic investigation. You may also be 
lucky and see some train phenomena in detail. Field centers should be above the radiant, thus from the north 
here are a couple of suggested pairs: Praesepe and Q = 155O, 6 = $4105; N = 140°, S = $35'; and CY = 173O, 
6 = $44'. In the south it may be possible to double up and observe both Leonids and the Puppids/Velids 
simultaneously. 
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Early December is a “must)’ for the telescopic watcher’s calendar. Like the Leonids, the Geminids a 
glance to be unfavorable, however the moon sets around midnight a t  the maximurn. The nnoezrolids are also 
well placed during the first fortnight of December. See i l , Z ]  for more details. This year 1 hope we can obtain data 
for both showers during the period up to December 11 to  coniplemerit, the 1990 work currently being reduced. 
The C-Nydrids and x-Orionids both possess a high population index of and are quite evident, telescopically. 
A shower with distinctive slow meteors are the ~ ~ A ~ ~ ~ g ~ ~ ~ .  I should like know its activity period, and if rates 
permit. 1988 observations a.ppear to show C-Ausigid act5viey as earl:( A, = 255O, though subjectively the 
angular velocity exhibited seemed much slower than wou!d be expected vm = 32 km/s  [ 3 ] .  Watcl2es during 
early December and January should det,ermin.e its activity period and radiant position. There may be a number 
of sub-components in a diffuse radiant complex according to  Kronl; [3]. The fields used for the Geminids and 
Monocerotids will cater for these three minor radiants. 
For the southern-hemisphere observer there is the ~~~~~~/~~~~~ complex to map. Activity lasts 
through January. Many of its components are rich in faint rnetxors, particularly the C-Puppm’ds 
population index of 3.4. I do not know the reliability of this figure or whether this translates into 
rates, but it looks excellent on paper. Choose a t  least three field centers around the complex so that individual 
components are unlikely to be occluded. In the first instance use the radiant8 coordinates given in Table 1 of 
[4]. Also the Phoenicids peak a t  December’s New Moon. These meteors will be quite obvious due to their 
very slow speed. The radiant locations mitigate against accurate data for both “showers”. Given a choice I 
would investigate the Puppid/Velid complex, except possibly for a few days around the Phoenicid maximum 
on December 5 .  On a general point I have received no southern-hemisphere reports since PMSO was formed. 
Considering the vast potential for discoveries I find this quite amazing. 
At the turn of the new year skies are dark for the ~ ~ a ~ r ~ ~ ~ ~ ~ ~ ,  The maximum, predicted for 05” U T ,  is ideally 
placed for visual observers in western Europe; te!escopic,ally, rnaximurri occurs eariier-some I .2 hours for each. 
magnitude difference in mean meteor brightness. Thus the telescopic maximum favors observers further east, 
say in the Soviet Union and Japan. See [ 2 ]  for background informa,tion (I can supply copies on request). The 
main goals of the 1MQ project are to investigate the size and structure of the radiant throughout the shower; 
determine the magnitude distribution, and the time of m.axirnr:m. illlichael Nolle’s i n v e s ~ ~ ~ a t ~ o ~ s  of the sub- 
components within t,he diffuse radiant ha,ve yet to show a pattern. If you have any telescopic data for the 
Quadrantids, we both would be most interested in acquiring copies for iaclusioii in the analysis. Since the shower 
is so brief and weather so fickle, in order to obtain complete coverage of this shower we shall need some luck and 
observers scattered around the northern hemisphere. Please contact me soon if u are interested in contributing. 
.Already all leading telescopic observers in western and centra! Europe have s they will participate. Watches 
should be made between December 31 and January 9. As the radiant has a wide range of elevations during 
the night it is hard to specify a simple list of suggested fieid centers, though some are given in 
Quadrantid radiant is too low for observations in the first, haif of the night, watches for the Goma 
detecting any minor showers should be made a t  these times. 

[I] M.J.  Currie, GN 18:5, October 1990, pp. 182483 .  

[2] 
i3] 

[5] M.J.  Currie, GN 17:5, Qctober 1989, pp. 186-I8’7. 

M.J. Currie, BAA Meteor Section Newsletter, Telesccpic Appendix  31 
G.W. Kronk, “hfeteor Showers: a Descriptive Catalog” I Ens~o\v, Hillsi 

eath, “HMO 1992 Meteor Shower Calendar”. pp. 9-10. 

evision o is 
Paul Roggernans 

At the end of 1991 we will prepare a new edition of the Me3 info booklet “’Who is who?” New rriernhers will be 
added, while those who did not renew their IMO mem5ership will be removed. I have notice 
in addresses and other data  and 11 assume that some people may wish to see some information cllangrd in the 
booklet. The aim is to provide some information about you, S O  that  other people may gel some idea about 
your interests, work and activities. Therefore complete information should be provided by each member. If 
the information published in the previous edition is not complete or incorrect please send t h e  corrections to  the 
Secretary-General. For instance, €or some people we do not know bir th  date, occupation or phone number. Also 
€ax numbers, e-mail addresses or telex numbers you can be contacted at are very usefu! to inclutie Please, send 
your information to the Secretary-General. ‘Thank you‘ 
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Possible Activity from Earth-Grazing 
Dirk Artoos 

0 0 0 0 0 16 46 71 88 97 100 100 97 88 71 46 15 0 0 0 0 0 0 0 
0 0 0 0 0 14 40 64 82 94 100 100 94 81 63 40 13  0 0 0 0 0 0 0 
0 0 0 0 0 17 49 74 91 100 100 100 100 90 73 48 16 0 0 0 0 0 0 0 
0 0 0 0 0 14 40 64 82 94 100 100 94 81 63 40 13  0 0 0 0 0 0 0 

81 87 92 96 98 1 0 0  96 90 81 73 68 68 73 81 91 96 100 98 96 92 87 80 75 75 
50 55 62 70 78 86 92 97 100 100 100 99 97 96 94 89 84 76 69 61 55 50 48 48 
62 68 74 80 86 92 95 98 100 100 96 96 100 I00 98 95 91 86 80 74 68 62 51 51 
50 55 61 69 76 84 89 94 96 97 99 100 100 100 97 92 86 78 70 62 55 50 48 48 

1. 1991 G O  

T h e  Earth-grazing asteroid 1991 GO is a good candidate for producing meteors. T h e  closest approach takes place 
around October 26 (0.02198 AU) with a possible radiant a t  a = 32' a n d  6 = -0208. The  estimated maximum 
occurs just  after the passage of the Orionids, and  therefore I would ask you to keep observing a little longer a n d  
more particularly to  be alert for meteors coming out of the Cetus region! 

Table 1 - Observability function for a four-element antenna elevated at 45' for each hour of the 
day (local time), four cardinal directions and four latitudes. For the calculations a 
transmitter distance of 1000 km and a transmitter power of 30 kW were assumed. 

Lat. 

+SO 
$50 
$50 
$50 

$35 
$35 
+35 
+35 

00 
00 
00 
00 

-35 
-35 
-35 
-35 

Dir . 

S 
W 
N 
E 

S 
W 
N 
E 
S 
W 
N 
E 

S 
W 
N 
E 

00 01 02 03 04 05 06 07 08 09 10 11 12 13  14 15 16 17 18 19 20 21 22 23 

95 100 95 75 48 19 0 0 0 0 0 0 0 0 0 0 0 0 0 29 58 83 98 99 
100 97 93 85 69 34 0 0 0 0 0 0 0 0 0 0 0 0 0 50 82 99 97 100 
89 100 90 63 40 16 0 0 0 0 0 0 0 0 0 0 0 0 0 23 46 69 93 100 

100 99 95 95 73 34 0 0 0 0 0 0 0 0 0 0 0 0 0 49 76 88 94 98 

65 85 100 89 61 26 0 0 0 0 0 0 0 0 0 0 0 0 2 39 7 2  95 98 76 
93 90 83 81 71 38 0 0 0 0 0 0 0 0 0 0 0 0 3 54 84 400 95 96 
83 100 94 69 46 20 0 0 0 0 0 0 0 0 0 0 0 0 2 29 45 75 97 100 
89 91 100 90 72 37 0 0 0 0 0 0 0 0 0 0 0 0 2 50 73 79 82 86 

0 7 8 1 0 0 9 5 7 1 3 5  0 0 0 0 0 0 0 0 0 0 0 0 0 8 4 8  80 99 95 
0 7 3 8 6 7 7 0 4 5  0 0 0 0 0 0 0 0 0 0 0 0 1 0 5 9 8 5  98100  85 
0 7 8 1 0 0 9 3 7 0 3 4  0 0 0 0 0 0 0 0 0 0 0 0 8 4 7 7 9  98 97 60 
0 9 3 1 0 0 9 3 7 6 4 4  0 0 0 0 0 0 0 0 0 0 0 0 1 0 5 9 7 4  59 25 2 

87 100 85 73 53 28 1 0 0 0 0 0 0 0 0 0 0 0 8 35 59 77 98 100 
88 83 79 80 73 47 0 0 0 0 0 0 0 0 0 0 0 0 13  59 86 100 93 92 
48 77 100 92 68 35 0 0 0 0 0 0 0 0 0 0 0 0 12 47 77 97 96 63 
85 88 100 92 75 44 0 0 0 0 0 0 0 0 0 0 0 0 14 56 74 75 76 80 

1991 JW 

1991 JW was discovered on April 19,  1991, by a group of astronomers at Mount Palomar Observatory with a 46 
c m  Schmidt camera. This body could well produce meteors, Its distance to  the  Ear th  is minimal on November 21 
(0.02076 AU). Unfortunately the  northern hemisphere will not see much of the  possible activity produced by this 
asteroid. T h e  possible radiant is active for four days after the Leonid maximum at a = 21704 and  6 = -7302. 
This radiant lies in the vicinity of the border of Apus and  Musca. It is best observable below the equator. Be 
aware of possible fireballs! 

Table 2 - Observability function for a four-element antenna elevated at 45' for each hour of the day 
(local time), four cardinal directions and four latitudes. For the calculations a transmitter 
distance of 1000 km and a transmitter power of 30 k W  were assumed. 

I Lat. ~ Dir. 1 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 I 
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utburst o e s 
Surprises anese se 
Paul Roggemans, Marc Gyssens and JGrgen 

While overall Perseid activity was rather normal in 1991, a short one-hour outburst was witnessed in Japan at 
A 0  = 139056 (2000.0), yielding ZIIRs of over 400. The position of this outburst in the Perseid activity profile 
coincides with the first peak of the double maximum found in 1988 and 1989 and points towards the presence of 
a new filament of particles connected with the return of the Perseids’ parent comet P/Swift-?iittle. 

Japanese observers witnessed a short outburst of Perseid activity at A 0  = 139056, almost exactly 
at the position of the first peak of the double Persei maximum, first found in IWO’s global 
analysis of the 1988 data [l] and convincingly confirm d in 1989 [2,3]. 

It should be mentioned that the time of the first peak was announced by the first author in an 
article in the August issue of Sky and TeEescope 141, as a consequence of which several observers 
paid special attention to this event. However, nobody could ever have reasonably expected the 
exceptional strength of this peak in 1991, which is the highest level of Perseid activity recorded 
this century. 

Although the outburst was seen by many observers at several sites independently, most observers 
lost track of the activity because it was simply too strong, as was kindly reported to us by Mr. 
Yasuo Taguchi and Mr. Yasuo Yabu. 

Especially the results of the Shinshu University Astr Club, who had obviously prepared for 
a sharp maximum, are interesting. Between 1Sh20 1d20rn  UT,  they obtained an hourly 
rate of 352, from an observing site in the Nagan cture, at a height of 1720 m. They 
observed under very good circumstances, with the center of the 
field of view. This count corresponds to a ZH after this period 
the activity was much lower: hourly rates of 64 and 2 respectively were recorded in the intervals 
14h20rn-15h20m UT and 16h2Qm-l?’h20m UT. 
Also Mr. Yabu’s observations under lm = $5.2 
3 to 5 times stronger than at the beginning or 
ZHR values of Table 1 could be computed. 

limiting inagnitud 
value of over 4801 

Table 1 - Perseid ZIIR values obtained by Yasuo Yabu on August 12, 
1991. 

The difference in maximal ZBR value between 
to a difference in, perception; nevertheless, bot 

The outburst seen in Japan was rich in bright meteors. 

on the front cover shows no less than 26 meteors of whit 
brighter than -3, the brightest being -S! 
were captured. 

r. Taguchi and Mr. Yabu is most probably due 
bservations are very well in agreement. 

f the 352 meteors observed by the 
Club, eleven were brighter than -5. The negative of the all-sky photograph shown 

the 16 still visible on the print are 
oiograph shown in Figure I ,  12 meteors 
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Figure 1 - This guided exposure of the Perseid radiant region ( h  and x Persei and M31 can easily be distin- 
guished) was taken by Mr. Tatsuo Nakagawa (Shinshu University, Astro OB Club) from Takane 
Village ( A  = 137’29’25’’ E, p = 35O57’09’’ N,  h = 1710 m )  between 15h45m and 16h16m U T  on 
August 12. Twelve meteors were captured using an Asahi Pentax 67 camera with a 50 m m  f : 4 lens 
and a Sakura 3200 film. 

The Japanese outburst was also confirmed by some radio observations in other parts of the world. 
Shelby Ennis, an American radio observer from Kentucky, reported that he recorded increased 
Perseid activity from August 12, 14h onwards. By 15h30m UT, the activity level was so intense 
that only the Leonids in 1966 performed better. Everything was pretty much over by 17h UT, 
although it took until l g h  UT before the level had reached normal rates for a Perseid maximum. 
A UK-based radio amateur, Colin Morris, noticed a small peak between 15h and 17h UT [5], 
despite the very low radiant elevation of the Perseids at that time. 
At l g h  UT, a team of IMO observers, members of the Arbeitskreis Meteore, was already moni- 
toring the sky in Bulgaria, where the radiant was still at a very low position in the sky. Many 
Perseids were seen, despite the low radiant elevation. Unfortunately, such low radiant position 
do not favor calculations. Although it is known that ZHR calculations become unreliable for 
radiant elevations below 20°, we did make an attempt anyway. Surprisingly, the values obtained 
by the six observers of the Mt.  Rozhen team agree very well among each other. For the interval 
18h50m-20h00m UT, with a radiant elevation of about 20’ in the middle of the interval, a ZHR 
of 93 f 10 and a population index of 2.2 were found. The limiting magnitude was 6.5 or slightly 
better. For each observer, the Perseid sample on which the calculations were based contains 
at least 30 Perseids and may thus be regarded as statistically significant. It is interesting to 
note that this ZHR value agrees very well with the ZHR obtained from Mr. Yabu’s observations 
during the last hour of his night. 
All reports received thus far from the contiguous United States and Canada indicate a good 



W G N ,  the Journal of the IMO 19:5 (1 991) 183 

maximum, but nothing extraordinary, neither OR August 11-12, nor on August 12-13. So far, 
also the European observers consistently re orted chorma199 maximum rates for th  

13. Furthermore, we also received reports from 
Romania, Spain, the United Kingdom and Uugosla 
was very well cov 
100 all through t 0 V E h o o m ) .  The 
slightly above avera s of 100 compared to the last few years), but t,his 
needs further confirmation. 

An abundance of fainter meteors however was apparent, explaining the some at ~ ~ ~ a p ~ o ~ ~ . t i n g  
rates reported by people observing under poorer sky conditions. This is consistent with Japanese 
radio observations indicating that the August 12.7 e to large particles, although 
more small particles were observed 24 hours later 

In view of this general picture, we were very su 
Aneca, B. de Po weerdt and J. Van 
(VVS) observed p to 200 under goo 
message was in contradiction 
resolved at the International 

ver 4000 meteors were observe by 6 observers in Bdgaria  du.ri 

d and showed no sign of excepli 

h all other data 

ions in a poster se 
Aneca’s graphs sh 

varying roughly between 50 and 200. The average value of a,bozrt 108-130 however was consistent 
with the other European observations. 

In answer to further Inquiries, Mr. Arleca told us that the message to II Myas sent out 
by Mr. 6 .  Steyaert, only basing himself on preliminary impressions d ~ ~ n o r ~ n ~  the 
request of the observers not to publish anything yet,. 
the result or to consult other observers for confirmati 
Steyaert’s message has now been cleared, the fact rern 
disseminated to the astronomical press, yielding the 
of the 1991 Perseids will be given to the astrommical community, which 
avoid similar problems in the future, IhfO will stay in close touch with 
incorrect information on meteor showers from being sprea 

We deeply regret the acts of Mr. Steyaert, who is also an 
Steyaert acted on behalf of the Belgian u/ 
the IMO cannot always prevent unexperienced or irresponsible amateurs in local or in natioaal 
societies from making big mistakes. course, the .%jBzf&i: swill continue to work on the reliability 
of amateur work and to act as an int ce between the a,mat,ei.ir and the professional coizan1un.i ty, 
thus trying to minimize the chances that similar situations reoccur in the future. 

R.eturning to the 1991 Perseid activity rofile, we can say in summary 
support the conclusion of the 1989 Pe eid analysis [2], where the firs 
maximum was described as a rather recent feature on t 
intersection of the Earth with a new young stream of met 
to the old core of the Perseid meteor stream, and probably connec,ted with the return of the 
parent comet, Pj’Swift-Tuttle. 
Although many astronomers beli 
ago, it is interesting to note that 
Marsden is becomi 
comet observed by 
by 5 years). This hypothesis is further strengthened by t 
comet is only about 0:l from the solar longitude of the J 
1966 was practically identical with P/Tempel-Tuttle’s nodal longitude in 1965). Furthermore, 

~ Steyaert neglected to  v 
the confusion caused by 

oneous information has been 
at a cornpieteiy false picture 

7 unfortunate. ‘so 
arsden to prevent 

ember. Howiever , 
Which i s  Solely FeS 

e that P/SwiftJ-Tij.ttle 
arsden has moth  

more and more convinced that P,/SwiCt-Tuttle mlg t he identical to the 
gler in 1737, yielding a return in 1992 (perturbatlo increase the peria,d 

ay have passed trniioticed sever 
opiiiion regasding this matter 
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Chinese chronicles report that high Perseid activity was also seen in 1861 and in 1862, the 
year that P/Swift-Tuttle passed perihelion [7]. The records mention that countless numbers  of 
meteors  were seen, a description that matches very well the impression most Japanese observers 
got from the most recent Perseid outburst. 

Hence it is very important that, despite the poor conditions moonwise, the Perseid maximum 
is closely monitored in 1992, especially by the European observers who will have the honor of 
witnessing the first peak next year. 
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Paul Roggernans and Ralf Koschack 

A global analysis of the 4990 Geminids is presented, based on 11 255 meteors seen by 83 observers from 13 
countries. The results confirm the general picture of the stream’s activity profile. At first, the Geminid rates 
increased gradually to reach a ZHR of about 87 around Xo = 261C75 (2000.0). Then, the activity stayed around 
the same value for about 005 in solar longitude before rising sharply to a peak value of about 110 on Xa = 262026. 
This maximum lasted until X = 262042 after which the ZHR plunged to sporadic background levels in less than 
24 hours. Noteworthy though are the facts that  peak rates were reached several hours later than in past years 
and that overall, activity levels were a t  least 10% lower than “normal”. 

major stream which is so much more pressive than any other stream is by 
no means the most observed shower. The winter month cember scares off many people at the 
northern hemisphere and many observing sites suffer from chronic bad weather around that 
time of the year. 1990 was not better compared to previous years. espite the New Moon and 
all the publicity to observe the stream, only a very limited amount of data was collected by the 
IMO. Altogether, the 1990 Geminid data allowed an analysis and therefore we are grateful to 
the following observers: 

Joe Aboud (ABOJO, 11, OhSO), S. Anazawa (ANZSE, 1, 0!75), Rainer rlt (ARLRA, 264, 4!9l), Luis 
Rubio Bellot (BELLU, 42, 3hOO), Lance Benner (BENL ,299 ,  5h34), Guy lack;nan (BLAGU, 129, 4!42), 
Mark Burns (BURMA, 62, 2h69), Beata Cabakova (CABBE,  151, 3h67), Jiang Chang-Gui (CHAJI, 36, 
4?’08), Li-Chung Chen (CBELI, 15S,4?‘00), Ya-Fen Chen (CHEYA. 185, 4h00), Martin Coroneos ( C ~ R M A ,  
470, 7h44), Mark Davis (DAVMA, 56, 4hOO), Kenneth Eakins (EAK~E, 102. 4!0O), Phyllis Eide (EIDPH,  
14, l h O O ) ,  Raul Fernandez (FERRA, 355, 4!40), K. Fukui (FUME, 106, 3hOO), George Gliba (GLIGE, 
37, 2!00), Daniel Glomski (GLODA,  89, 5h15), Mark Glossop ~ G L ~ M A ,  241, 3hl6) ,  Takema Hashimoto 
(BASTA, 120, 10!36), Craig Hinton ( H I N C R ,  186, lh57),  Chris Innes ( Z N N C H ,  70, 2!70), Daiyu Ito 
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( I T O D A ,  35, l h O O ) ,  Kiyoshi Izumi ( I Z U K I ,  80, 2h75): Petri J&kelainen ( Y A A P E ,  27, 2h47), Norihito 
Kawamuro (KAWNO, 29, l!67), Michael Keating (KEAM 
Bernhard Koch (KOCBE,  1413, 29h03), Robert Lunsfor 
18, lh76),  Katsuhiko Mameta (MAMKA,  106, 3h72), Ada 
(MCBAL,  271, 5?'00), Norman McLeod (MCLNO, 682, 14 
Murata (MURKE,  26, Oh77), Markku Nissinen (NISMA, 3 
Ocenas ( O C E D A ,  150, 2h67), H. Okayasu (OKAHI, 5,  0h98), 
30, 0h75), K. Osada (OSAKA, 50, 1!86 , Cregg Pasterick 

417, 9!'12), Francisco Reyes Andres (RE'IFR, 105, 6!60), Rodne 
Roggemans ( R O G P A ,  2336, 46h58), Toru Sagayama (S 
lh47),  Hiromi Sato ( S A T H I ,  203, 7h87), T. Sato (SA 
5h06), RenC Scurbecq ( S C U R E ,  18, 4!09), Takashi Seki 
( S E R M I ,  49, lh36),  Yasuo Shiba ( S I B Y A ,  18, Oh95), Kar 
( S I M W A ,  44, IhOg), H. Sirai ( S I R H I ,  19, 0h95), Juraj  Skvarka ( 
48, 5h25), Siegfried Stapf ( S T A S I ,  1073, 29!12), David Swann 
66, 4h36), S. Tanaka ( T A N S Y ,  60, Oh67), E. Tomita (T 
5h07), Sebastia Torrell ( T O R S E ,  66, 2h29), Toriyama ( 
S. Uehara ( U E H S A ,  48, 5h71), Toshihiko Ueno ( U E N T o  
Jeff Wood ( W O O J E ,  656, 7h50), Yasuo Yabu (YABYA, 
Zimnikoval (ZIMPE, 118, 3hOO). 

316, 5h9 l ) ,  Josk Ponce ( P O N J E ,  465, 2.85))  h' Leo Rajala ( 

The  Visual Commission thanks all the observers who contributed to this analysis. Table 1 
shows how the observations were distributed over the world, according to the Iocaiion where the 
observation took place. 

Table 1 - Total numbers of observers and meteors and total eflective observing time 
per country. 

Country 

Germany 
United States 
Australia 
France 
Japan 
Spain 
Czechoslovakia 
United Kingdom 
Finiand 
Taiwan 
Canada 
China 
Belgium 

Total 

Observers 

4 
15 
13 
1 

28 
7 
4 
2 
4 
2 
4 
i 

I 
1 

83 

Meteors 

3167 
2588 
2344 
2336 
1916 
1869 
580 
562 
505 
343 

48 
36 
18 

16312 

72h 18 
71h34 
47h 54 
46! 58 
7si" 16 
3op. 2 3  
13hOI 

16h50 
sh 00 
sh25 
4h 08 
4h09 

405!'02 

From the 16312 meteors reported by the 83 observers, 11253 were Geminids. M O ~ ~ Q V C T ,  several 
minor streams were recorded as well. The number of meteors for each radiant is listed in Table 2. 

Table 2 - Total number of meteors observed per shower. 

6-Arietids ( A R I )  -Orionids S (i3RS) 



186 W G N ,  the Journal o f  the IMO 19:5 (1991) 

2. The population index 
The population index r was calculated from the available individual cumulative magnitude 
distributions @(m) by linear regression log @ ( m )  = rn log r + b according to [l]. The criteria for 
including a magnitude distribution in the analysis were set as follows: 

a )  the faintest magnitude class used had to be brighter than lm-2 for the nights with sufficient 

b )  from the faintest class onwards there had to be at least five consecutive classes containing 

c) the total number of shower meteors had to be greater than 25; 
d )  no @(m)  differs by more than 40% from the regression line; 
e) the correlation coefficient is higher than 0.98. 

data. Near the limits of the activity period, lm - 1.2 was taken as the faintest class; 

at least three meteors each; 

Table 3 - The r-profile for the 1990 Geminids. 

Date 

Dec 12 
Dec 13 
Dec 13 
Dec 13 
Dec 14 
Dec 14 
Dec 14 
Dec 15 
Dec 15 
Dec 16 

3,  2 

3, 0 

2 .  8 

2, 6 

2. 4 

2 ,  2 

2 ,  0 

1. 8 

A@ (2000.0) 

259058 
260008 
260058 
261008 
261058 
262008 
262058 
263008 
263058 
264008 

Obs 

1 
3 
7 
9 

32 
31 
14 
12 
4 
3 

Met 

23 
154 
836 

1187 
6294 
6486 
1763 
1124 

136 
101 

- 
lm 

6.37 
6.46 
6.51 
6.20 
6.14 
6.15 
6.21 
6.28 
6.52 
6.52 

r 

2.50 rt 0.57 
2.55 f 0.03 
2.64 rt 0.22 
2.62 rt 0.19 
2.53 rt 0.07 
2.52 rt 0.07 
2.35 0.09 
2.30 f 0.08 
2.26 5 0.06 
2.29 f 0.09 

............... ... _ ............... . .- . -. .... ~ .. ....... ....I ._ .. .... ~ .... T 
I 
I - 

Figure 1 - Profile of the population index T for the 1990 Geminids 

The further procedure was the same as for the Orionid analysis [2], except that the averaging 
procedure was reprogrammed to obtain a sliding mean. The r-values were averaged over 1' in 
solar longitude with steps of 005. A more detailed picture of the population index profile was 
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not possible because of the limited number of useful magnitude distributions that were available. 
The resulting r-values are listed in Table 3 and plotted in Figure 1. 

The results show a slightly decreasing r-value during the act 
perfect agreement with all previous studies on the Geminid 
Geminids are indeed more dominant in the pre- 
relatively more frequent after the main Gemini 

aximurn period while the real bright events are 

In total, 348 Z Rs were calculated with a limiting magnitude better than 5. 
observing time h 

Geminid radiant at  least 20' above the horizon. The Zen 
in [6], correcting for the geometrical conditions only, i.e., 

The next step of the analysis is the derivation of the perception coefficient 
as limiting magnitude corrections Alm. The values of Table 4 were obtain 
method described in [6,7]. For the perception coe 
to Xa = 26205 was selected with a sampling inte 
the limitation on the sampling interval is that 

at least 0 .8  or longer, a cloud cover correction factor of at most 3.2 and the 
correction factor was calc 
zenith exponent y was set to  1. 

also expressed 
cording to the 

eterrnination, the interval Xa = 26005 
33 and a step of 0016. The reason for 

0 too few observations are available at the beginning and at the end of t e activity period; 
and 

0 a preliminary profile had shown that past Xa =I 26205, when sti enough observations were 
available, the activity drops from maximum levels to below t e sporadic background in 
less than 24 hours, which would require too s ort a sampling interval to derive perception 
coefficients. 

Furthermore, the observations had to fulfill the following criteria: 

a )  total correction factor less than 
b )  radiant elevation greater than 2 

Moreover, observations with sporadi 
observations with lm < 5.5.). All observing met'hods and field centers were allowed. 

r the center of the o serving interval. 

were ignored. (In general, these were 

Table 4 - Perception coeficients P and corrections A h  for the limiting magnitude derived from the I990 
Geminid observations. 

Observer 

Arlt Rainer 
Benner Lance 
Cabakova Beata 
Chang-Gui Jiang 
Chen Li-Chung 
Coroneos Martin 
Fernandez Raul 
Fukui K .  
Izumi Kiyoshi 
Koch Bernhard 
Lunsford Robert 
Mameta Katsuhilto 
Marsch Adam 
McBeath Alastair 
McLeod Norman 
Ocenas Daniel 
Pasterick Gregg 
Ponce Josk 
Rendtel Jiirgen 

Qbs. 

8 
5 
7 
2 
2 
6 

11 
2 
2 

30 
11 

6 
2 
9 

12 
5 
4 
2 

10 
I_. 

P 

0.61 
1.07 
0.80 
0.33 
1.75 
1.32 
4.00 
1.13 
1.25 
0.93 
1.17 
0.81 
0.56 
0.96 
0.48 
1.52 
1.07 
1.04 
0.69 
_I 

A h  

-0.55 f 0.14 
$0.07 -4 0.08 
-0.24 f 0.06 
-1.20 i 0.00 
$0.60 i 0.13 
$0.27 f 0.16 
-0.02 i 0.24 
$0.13 f 0.13 
+0.23 f 0.03 
-0.09 i 0.17 
$0.17 5 0.15 
-0.23 k 0.17 
-0.64 5 0.09 
-0.05 f 0.09 
-0.81 i 0.17 
$0.44 5 0.16 
$0.07 rt 0.11 
$0.05 f 0.02 
-0.41 5 0.15 

Observer 

Reyes Andres Francisco 
Roggernans Pad  
Sagayama Toru 

Sekiguchi Takashi 
Shiba Yasuo 

Skvarka 3ura.j 
Stapf Siegfried 
Swann David 
Taibi Richard 
Tomioka Hiroyuki 
Trig0 3osC 
Uehara S.  
Ueno Toshihiko 
Wood Jeff 
Zirnnikoval peter 

Qbs. 

2 
33 

2 
12 

9 
2 
2 
2 
7 

18 
5 
4 
a 

4 
12 

6 
8 

_I_ 

n 

- 

P 

0.37 
1.24 
1.34 
0.72 
0.75 
1.82 
1.07 
1.14 
1.23 
1.03 
1.19 
0.92 
0.87 
1.58 
0.79 
1.12 
1.74 
1.04 

__ 

- 

A h  

-1.00 I O . 0 1  
$0.22 -4 0.15 
$0.30 rb. 0.07 
-0.40 i 0.37 
-0.32 & 0.23 

ll_.lll_ 

$0.62 i 0.04 
$0.06 f 0.03 
$0.14 -4 0.04 
$0.21 f 0.19 
$0.01 i 0.27 
+0.16 k 0.19 
-0.15 i 0.43 
-0.19 i 0.33 
+0.49 rb. 0.13 
-0.30 & 0.39 
-+0,10 k 0.22 
$0.56 i (3.15 
$0.03 i 0.19 
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Table 5 - Intervals for the computation of the final ZHR profile and criteria set 

260!0-262?5 
262?5-263!2 
263?2-266?Q 

Once the perception properties were determined all the ZHRs were corrected with: 

ZHF&, = ZHR,b, x 

For some observers no perception information could be obtained and in such cases their Alm was 
set to zero. The final ZHR profile was obtained according to the method described in 1171. The 
parameters used to average the final ZHR profile are listed in Table 5 .  The width and the step 
length of each averaging interval were chosen in function of the number of observations available 
as well as in function of a preliminary profile that was obtained before. For very skew activity 
profiles with a very steep decrease as is the case for the Geminids, the large rate variation in a few 
hours time requires rather short sampling intervals. In order to include only high quality data in 
the analysis, only ZHRs obtained with a minimum radiant height of 15' (h,in) and a maximum 
correction factor of 3 (C,,,) were used. Observers with a rather poor limiting magnitude could 
still obtain an acceptable correction factor if their effective observing time ( T,R) was sufficiently 
long, for instance 2 hours or more. For the Geminids, the method used and the position of the 
center of the field of view do not matter. The results are shown in Figures 2 and 3. The error 
bars correspond to the 68% confidence interval a/+ with n the number of observations. 

c. ... 
I 

"...I...._....._.I T ^ .......... ... 
4%- 

"i- 
$5 * 

4* I . - I ... ._ ..... 

........ * " ._ ..... 

E E *  j+ i -  i 
I 

258 260 26 2 254  266 
2 6 5  ". i' 

256 
257  253 26 1 ,si 

Soiar iongitucie (2 O 3 O. O ) 

Figure 2 - ZHR profile of the 1990 Geminids 
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Sdor hgitude (2000.0) 
Figure 3 - Detail of Figure 2 ,  around maximum 

From A 0  = 260' onwards, the Geminid activity exceeds the sporadic background level arid 
increases gradually to reach the ZHR value of about 87 around A 0  = 261075. he activity then 
stays around the same value for about 005 in solar longitude before rising sharply to a peak 
value of about 110 on A 0  = 262026. This maximum lasts until A 0  = 262042 after which the 
ZHR drops dramatically: in less than 24 hours the activity falls back to sporadic background 
levels, which are reached around A 0  = 263025. 

The general shape of the Geminid activity profile agrees very well with previous studies [5,8,9, 
10,111. In [8], the 1988 IMO data on the Geminids were analyzed. In that y a high activity 
was seen at A 0  = 26008, but this pre-maximum peak was based on only a few svers. In 1990, 
no such isolated sub-maximum was found. Only a very modest ars in the 1990 
profile, a feature with insufficient statistical significance. Nevert im the stream 
should be monitored in future years, in order to shed more light on this issue. 

In 1988, the peak was determined at A 0  = 26201 E with a decreasing activity already 
starting at  A 0  = 26202. Hence in 1990 the peak occurre ours later than in 1988. In 1985 the 
maximum lasted from A 0  = 261094 to A 0  = 262046 [12], in very good agreement with the 1990 
results. Porubcan et al. [5] found a peak at A 0  = 26107 & 002 for the period 1944-1974. Stohl 
et al. [I11 located the maximum at A 0  = 262002 in 1974, about 6 hours earlier than in 1990. 
So it looks as if the Geminid maximum has been shifting slightly in solar longitude, appearing 
later in time now. Up to now, it was often stated that the Geminid maximum did not show any 
shifting in time over the years. 

Another noteworthy fact about the 1990 Geminids is that the peak rates are lower than in 1980, 
1985 as well as 1988, by at  least 10%. Future observations will be necessary in order to see 
whether this will become a trend. Indeed, computer models [13] suggest that  somewhere in the 
future the Earth will no longer cross the densest part of the Geminid stream. For the o h ,  w-vers, 
we hope that the slightly lower maximum rates in 1990 are n yet a first sign of this unavoidable 
separation between the core of the Geminid stream and t b  
As in 1990, the 1988 results also show a plateau announcing the peak activity. In 1988, this 
plateau started at  A 0  = 26107, with the maximum occurring at  A 0  = 26201. This plateau 
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in the Geminid activity profile supports the hypothesis of a doubIe maximum, suggested in 
many studies [14,15], but the activity from the first submaximum and the second can be simply 
superimposed with as a result that the two maxima cannot be seen any more as two clearly 
independant peaks on the curve, like for the Perseids or the Qrionids. 
We do not want to repeat the background information on the Geminids in this article. A good 
comparison to different research projects was described in [8] and a very complete overview of 
the history and characteristics of the Geminid meteor stream was given by Roggemans in [16]. 

4. Spatial number densities 
First, we consider the spatial number densities p6.5 of particles causing meteors of absolute 
magnitude brighter than $6.5. The calculations were carried out according to [l]; for the 
calibration the standard observers ARLRA, RENJU and ROGPA were used. The average correction 
of the standard observers is AZmaVg = -0.124 k 0.012. 

The profile of the spatial number density p6.5 is shown in Table 6 and in Figures 4 and 5 (Figure 5 
is a detail of Figure 4 around maximum; for clarity, the error b a n  were omitted.) 
If the initial relation between the particle mass M ,  the geocentric velocity V,, and the meteor 
magnitude m is known, it is possible to compute number density profiles for particles of different 
masses. In [l], the following relation, given in [6], was used: 

m = 40 - 2.51og (2.732 x 10" . . V:"') 

with M in grams and V, in km/s. Using this relation the spatial number density p(M 2 Ado) 
of particles having masses greater than a certain limit MO results from p6.5  by: 

400 

300 

200 

100 

0 
256  258 260 2E 2 264 2436 

257 259 26 1 26 3 255 
Sdor icmgihicie (2020 ri) 

Figure 4 - Profile of the spatial number density p6.5 of particles causing meteors of absolute mag- 
nitude at least +6.5 (corresponding to a mass of about Q.5 mg or greater). On the 
vertical axis, numbers of particles per l o 9  krn3 are shown. 
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Figure 5 - Detail of Figure 4, around maximum. For clarity, error bars were omitted. 
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Figure 6 - Spatial number density p ( M  2 0.5 g) of particles heavier than 0.5 g, which corresponds 
to meteors brighter than magnitude -0.4. 

As the variations in the population index profile are rather moderate, there are no considerable 
differences in the shape of number density profiles for different masses. Comparing Figures 5 
and 6 it can be seen that due to the higher r before the maximum the relative level of p6.5 = 
p(M 2 0.5 mg) is then a bit higher than that of p( iM  2 0.5 g) ,  while the decrease after the 
maximum is steeper in the p6.5-profile. 
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Looking at Figure 4, the result of the great uncertainty of the population index r for A 0  < 260’ 
can be clearly seen. The relative error on p6 .5  amounts to about loo%,  despite the high accuracy 
of the ZHR at that time. 

Table 6 - Numeric values for T ,  s, ZHR, p6.5 and p~ = p ( M  > g) for the 1990 Geminids. 

r 

2.50 i 0.57 
2.50 f 0.57 

2.50 f 0.57 
2.52 f 0.41 
2.52 f 0.34 
2.55 f 0.06 
2.55 f 0.06 
2.59 f 0.12 
2.63 f 0.20 
2.63 f 0.21 
2.63 i 0.20 
2.62 i 0.19 
2.62 zk 0.19 
2.56 Q 0.11 
2.54 i 0.09 
2.53 i 0.07 
2.52 i 0.07 
2.52 f 0.07 
2.51 f 0.07 
2.46 i- 0.08 
2.44 i 0.08 
2.35 i 0.09 
2.34 i 0.09 
2.33 i- 0.09 
2.32 f 0.09 
2.31 f 0.08 
2.36) I 0.08 
2.30 f 0.08 
2.27 f 0.06 
2.28 f 0.07 
2.28 f 0.08 
2.29 I 0.09 
2.29 5 0.09 
2.29 f 0.09 

2.50 f a.57 

S 

1.92 
1.92 
1.92 
1.92 
1.92 
1.92 
1.94 
1.94 
1.95 
1.97 
1.97 
1.97 
1.96 
1.96 
1.94 
1.93 
1.93 
1.92 
1.92 
1.92 
1.90 
1.89 
1.85 
1.85 
1.84 
1.84 
1.84 
1.83 
1.83 
1.82 
1.82 
1.82 
1.83 
1.83 
1.83 

Obs 

2 
5 

14  
17 
18 
12  

7 
8 
3 
8 

12  
12  
15  

9 
5 

12  
16 
37 
49 
28 
10 

6 
3 
7 
9 

10 
9 
8 
4 
6 

11 
7 
3 
3 
3 - 

Met 

? 

24 
78 

113  
192 
140 
112 
135  

52 
146 
243 
358 
632 
379 
127 
350 
577 

2336 
3484 
2126 

931 
520 

90 
251 
433 
409 
284 
218 

71  
23  
52 
37 
10  
21 
21 

6.05 
6.26 
6.24 
6.22 
6,33 
6.36 
6.05 
6.05 
6.05 
5.95 
6.15 
6.34 
6.40 
6.39 
6.11 
6.10 
6.12 
6.26 
6.27 
6.26 
6.24 
6.26 
6.31 
6.33 
6.34 
6.29 
6.31 
6.37 
6.35 
6.14 
6.41 
6.45 
6.14 
6.42 
6.42 

ZHR 

5.7 f 3.5 
7.7 f 4.2 

11.6 i 1.9 
12.5 i- 1.7 
14.4 1 1.7 
15.4 f 1.9 
21.0 f 2.4 
21.8 f 2.2 
28.1 f 8.3 
31.5 k 2.7 
30.9 f 1.9 
34.0 & 2.3 
37.9 5 1.7 
40.0 i 2.1 
48.7 1 7.1 
53.6 I 3.5 
65.6 1 4.2 
86.6 -4 2.0 
87.9 $: 2.2 
88.9 f 3.3 

109.5 k 4.7 
99.3 f 9.0 
57.0 k 9.4 
51.8 f 4.9 
5 1 . 4 5  4.7 
40.2 5 5.6 
3 1 . 7 k  2.3 
26.9 I 4.0 
17.0 I 2.4 

8.0 i 2.4 
7.0 I 1.5 
6.8 1 1.5 
5.9 f 2.9 
5.7 f 2.4 
5.7 i 2.4 

P6.5 

20.9 i 23.3 
28.2 f 29.3 
42.5 i 38.4 
45.8 f 41.4 
54.2 f 34.6 
58.0 i 31.2 
82.3 i 18.6 
85.4 f 18.8 

116.0 i 44.9 
136.7 1 4 8 . 9  
134.1 i 47.2 
147.6 k 48.6 
162.5 f 50.7 
171.5 i 53.8 
193.3 i 54.2 
207.2 f 47.6 
250.3 5 53.0 
325.9 zk 65.6 
330.8 f 66.6 
330.1 f 67.1 
379.2 f 81.2 
334.1 f 76.4 
167.4 f 46.5 
149.8 & 36.3 
146.2 f 35.3 
112.6 & 29.9 

87.3 i- 19.7 
72.9 f 18.9 
46.1 f 11.8 
20.6 f 7.4 
18 .3  f 5.4 
17.8 * 5.5 
1 5 . 7 f  8.6 
15.2 f 7.3 
15.2 f 7.3 

P M  

11.2 
15.2 
22.9 
24.7 
29.0 
31.1 
43.7 
45.4 
61.0 
71.2 
69.8 
76.8 
84.8 
89.5 

102.5 
110.4 
133.7 
174.6 
177.2 
177.3 
206.5 
182.9 

94.0 
84.3 
82.6 
63.8 
49.6 
41.5 
26.3 
11.9 
10.5 
19.2 

9.0 
8.7 
8.7 

5 .  Comparison wit other streams 
The quantity p~ = p ( M  2 1 mg) (see Table 6) allows us to compare real number densities 
of different meteor streams. While the Perseids reached p~ = 15.2 x lo-’ km-3 at their 1989 
maximum (i.e., 15 particles of mass at least 1 rng in a cube with edges of 1000 km length) 
[ 6 ] ,  and the Orionids only PM = 1.4 x lo-’ krn-3 in 1990 [2], the 1990 Geminids attained 
PM = 206 x kme3! The Geminids can be considered as the densest annual meteor stream: 
despit,e their low velocity, they produce rates comparable to or better than those of other major 
meteor showers. 
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Bulletin 1 o the Internatio at c 
Peter Brown 

An overview is given of primary and  secondary aims of the International Leonid Watch (ILU’). An inventory of 
useful observing techniques is made. Finally, some instructions are given for Leonid observations in 1991. 

1. Introduction 
Since the initial suggestion for an International Leonid Watch (ILW) was made one year ago 
feedback from commission directors of the IMO and others interested in an ILW has been 
received with the overwhelming consensus being that such a project would be useful. As a result 
you see before you the first bulletin of the ILW and some initial instructions as to how to make 
a meaningful scientific contribution during the first ILW period in 1991. This bulletin will be 
issued every 6-12 months over the coming 6 years or thereabouts as we approach those years 
expected to  give strong activity during the 1999 Leonid epoch. 
It is hoped that  a complete ILW booklet detailing the shower and how to observe it will be 
produced within the next 3-4 years for general distribution. 

2. Scientific Aims 
After a great deal of discussion by letter and during a round table discussion at  the “Asteroids, 
Comets and Meteors” Conference in Flagstaff, Arizona, during June 1991, a final list of the main 
aims of the ILW has been prepared from a long list of possible topics for investigation. Additional 
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worthwhile areas of investigation in connection with the Leonids are presented after this primary 
list and may serve to interest individuals and groups who may contact the coordinator for further 
informat ion. 

The primary goals of the ILW are: 
1. to determine spatial number densities and mass densities distributions of the Leonid stream 

2. to ascertain the position and size of the radiant during all returns on all days of Leonid 

3. to determine the orbit of individual stream particles. 

on a year-by-year basis throughout its period of activity; 

activity; 

These primary goals were chosen as being most achievable by the system of global amateur 
meteor observing existing at present. The goals are broad and hence observations are likely to 
overlap in several areas. In addition it is hoped that a number of the secondary goals (which are 
generally more ambitious) can also be achieved. 

The secondary goals of the ILW include: 
1. investigating the fine-scale structure of the ortho-Leonids; 
2. to determine height distributions as a function of magnitude of the Leonids; 
3 .  to investigate Leonid fragmentation and light curves; 
4. to obtain compositional data of the Leonids through meteor spectra; 
5. to investigate spectra in the wake and train of Leonids; 
6. to investigate the nature and occurrence of meteoric glow in the visible and infrared asso- 

7. to investigate the possibility of electrophonic sound phenomena associated with bright 

8. to study the egect of strong Leonid returns on the Earth’s ionosphere; 
9. to study the effect of strong Leonid returns on the appearance of noctilucent clouds and 

10. to determine if newly ejected particles easily fragment in space due to the presence of 

11. to use high Leonid rates to clarify the need for a ZHR exponential factor; 
12. to study high altitude dust after strong Leonid returns to determine composition of stream 

13. to use an orbiting impact laboratory to study the distribution of dust in the ortho-Leonids 

14. to attempt direct imaging of Leonid particles using faint object cameras; 
15. to investigate the psychological effects of strong Leonid returns on animals and humans. 

All of these goals are not realizable by amateur observations and equipment alone. Therefore, 
particularly for the high altitude and space based observations, it is hoped that a national space 
organization can be interested in setting up such experiments or modifying existing ones in a 
suitable manner. 

ciated with dense Leonid condensations; 

Leonid fireballs; 

the distribution of rainfall; 

volatiles by studying microstructure in the ortho-leonids. 

particles in a direct manner; 

directly ; 

ethod of Observation 
It is obvious that many of the aims of the ILW are achievable in the fullest sense only through 
utilization of several modes of observation. Indeed, beyond visual observations i t  is hoped that 
data can be collected by means of telescopic, radio/radar, photographic, and video observations. 

The following describes what format to use in ma,king observations a.nd when such observations 
should be undertaken. 
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Visual 
Since visual observations are the easiest to make, this form of data will constitute the majority of 
the data collected by the ILW. The question of how t o  vfsu erve during a meteor storm 
has arisen before and after some discussion a conclusion la. 
meteors which can be recorded by a human visual observe 
“divided” regions in the sky produces very high correction 
the best recommended method is to use a camera to record 
rate has reached a human saturation level there is no guaran 
the needed data. Hence each observer lucky enough to witn 
to  take in the view and let the camera do the work. 

The level at  which visual observing should cease an 
specific to each observer. Generally the more inexpe 
is reached. Since rate data and magnitude data are 
regions of the ortho-leonid stream, it is recommend 
magnitude and rate data can no longer be successfully registe 
still perform counts alone (to correlate the visual and photogra 
impossible, but the camera should be the “center of attention” after rat 
is no longer simultaneously obtainable. The camera technique to use is d 
on photographic observations. 
For returns where the visual rates ar 
that should be familiar. Use of the 
of the absolutely needed quantities to record will he given. 

First and foremost, all observers should report their own data, 
lumped together. Each observer should make his/her own limit 
report these for all intervals. The data should be divided into blocks at least one 
longer than 3 hours; near the time of rnaxirnum acklvity for ~ i o r  
size should not exceed 1.5 hours. The number of meteors 05 
sporadics should be given for each interval. All times hould be in UT. Please report the total 
effective time observed during each interval. ‘The tzreig ed percentage of the sky covered during 
each interval should also be recorded. normal returns magnitude data for each observer for 
each night should be listed by shower. not include yjusli Eeonid rnagnitu e data, all meteor 
magnitudes should be estimated and recorded for each riigbt. Data such as latitude and longitude 
of the observation site should be recorded at least, to the nearest, def; vree. 

For those who have some plotting experience, this met od is preferred when total rates 
significantly exceed 20 to 30 meteors per hour. If y u are interested in rn 
Leonid returns, please acquire some practice on n hts before the Leor: 
be made on large scale gnomonic charts, such as those af the 
noted as well as magnitude. All sky conditions as well as the t, 
noted during counting should also be noted during plotting. 

Bright Leonids (magnitude -4 or brighter) should 
and azimuth as well as duration, colors, magnitud 
When Leonid rates do increase, the reporting interval sizes shoul 
Photographic 
As an ILW participant you should make sure to have a camera on a fixed tripod during every 
Leonid maximum as a standby for possible storm activitir. This is an absolute must,, 

Exposure times will be short, generally less than se I minutes. Since the a.ctivity level will 
become difficult to  accurately establish once rates r storm level only general guidelines can 
be recommended for exposure times. For a,ctivity where both counting and magnitude estimates 
are possible (but where activity has obviously increased well above normal Leonid returns), 
exposures of 5 to 10 minutes are recommended. hen activity has reached t’he stage where 

uncertain results 
ct, once the meteor 

ng shoukl start is 
e so~ l l e r  this level 

d to funl1.y characterize the cli 
t camera observations begi 

near storm level the method of visually counting is one 
rate sumrna,ry forms is useful, but a brief description 

0 not report; grou 

T ~ Q ,  with aqp la r  velocity 
t h e  time that are usually 

t a  recorded such as altitude 



only counting visually becomes possible (and where the camera must be used to record both 
magnitude and rate ata) exposures of 2 to 3 minutes should nce rates have exceeded 
visual counting, exposures less than 2 minutes should be used e sure to very accurately record 
the exact begin and end time of each exposure. 

The simplest camera setup for this mode of photographic wor 
perated shutter, a 50 mm lens and 400 or faster bla 
hen using the camera during storm returns, have at least one camera whi 
angle lenses. If another camera is available at a single site, a wide angle le 

used. In this way the rate data for large particles over a large area can be determined with the 
wide-angle lens while regular flux densities are recorded by the 50 rn 

The 50 mm lens camera should be pointed toward t hen the radiant is below 45". 
This minimizes the spread in angular velocities acr and hence the photographic 
meteor limiting magnitude. Once the radiant exceeds roughly 45" altitude, the camera should 
be pointed 50' from the radiant, but in a direction as dose as possible to the zenith that still 
respects this restriction. For camera fields away from the zenith, the long side of t 
should be parallel to the horizon to minimize range and hence extinction effects. All angular 
measures are with respect to the center of the camera field. 

For single station photographic work outside of maximum activity, the camera should be pointed 
about 50' away from the radiant. Exposures here will vary according to the darkness of the 
observing site. The purpose of this mode of photographic observation is to  obtain highly precise 
begin and end points for Leonids to study the radiant. The camera exposure times should be 
carefully noted and the exposure stopped when a bright Leonid is seen to pass through the field, 
or the precise time of each bright Leonid can be noted. 

Other forms of photographic observations are possible and will be 
bullet in. 

iscussed in detail in a later 

Radio 

The use of radio observations in the forward scatter mode for observations during a meteor 
storm is obviously very limited. At a certain point. the echoes become so numerous and so much 
ionization results (from drifting trails etc.) that one gets a condition analogous to sporadic-E. 
The times during which this condition persists can be useful and shod e noted when a meteor 
storm occurs. 

is limitation, radio observations are very useful for c ing the activity of the smaller 
particle sizes and are a goo 

During non-storm intervals, radio observers are asked to follow some general guidelines. 
porting intervals of about one hour long are suggested, in particular several hours should be 
checked during the day if possible. For observers listening to signals, headphones are strongly 

, during possible high activity periods those who might use pen recorders attached 

backup to poor weather. 

output of the radio system are encouraged to do so. If activity 
speed of the pen recorder should be increased to ensure good time resolution. W 
relatively low, the time, duration and description of each echo should be noted. 

Of great importance to radio observers is to keep your equipment set-up and. frequency the same 
during each run. In particular for those able to use the same path and equipment set-up from 
year to  year along with similar antenna directions this is recommended to provide a consistent 
data set from one station. Also, do not process your raw number of recorded reflections in any 
way, always report the numbers you recorded. 

As activity increases, but before near continuous propagation conditions are reached, the report- 
ing intervals should be decreased to 3-5 minute intervals. 
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Te 1 e s cop i c 
Telescopic observations are useful 
distributions of the small-particle 
There is little experience of telescopic watches during a storm. 
computer-simulated observing could help assess v 
restricted field of view should permit study flirther 
ally, but like in the visual, accurate investigation is 
human nature dictates that  it would require an e 
making scientific measurements during the spect 
population during a storm is best studied using 
details on this technique will be presented in a f 
When telescopic rates are relatively low (less th  
of plotting meteor paths should continue to be used, 
a gnomonic or approximately gnomonic project 

per apparent degree within the 
xed fields some 10'-25' from th 

seen within the fields would intersect at about 
Also it is preferable that the fields a x  at a hi 
alternate between the fields approximately ev 
observer should record the field and/or naked- 
the start and end times of the watch (in UT), 
observing time; and note the aperture, magn 
binocular. For each meteor the path is carefully plotted recording whether the start and end 
points were within or beyond the field, the magnitude esbimakd, eed on a scale of I. to 5, the 
time of appearance noted, and if these is a train; i ts  duration is e 
As rates increase there are number of options whic epend on the observer's goal. Firstly, 
plotting may continue in order t,o study the radia tme, though the observer inus t con- 
centrate on recording one meteor at a time and should ignore subsequent nileteors until this is 
done. This will require practice. At ver l.~tii;fig of a, random samp1.e will 
not be possible dire to the distraction, t ires ii:vesiigatiori via  sin^ 
be feasible to det'errnine a mean orient spread in a. number of fie 
radiant position and size. Secondly, observation can switch into sirnply counting nieteors and 
estimating magnitudes, as desc n the section 011 visua,l observations. If rates increase sig- 
nificantly, a purely counting m ould be adopted unl 
proves overwhelming. For coun s a sing1.e fixed 
The use of small cameras or ed tG t d e S C O p  

sensitivity of the system can recor any of the faint, meteors. 

4. T T S t  1 
To study the Leonid stream it is obvious tha,t observations of returns well away fr 
storm periods are needed. To start the process this year will period. 
Additional data from the past 4 to 5 years is being sorted and collected for an analysis of the 
pre-PLW period to ascertain characteristics during iet time periods. 
All observers are encouraged to observe in 1 ite the Fact that the moon wiil be 4 days 
past first quarter during the maximum since it wili be largely ou e way for niost northern 

from 4 h - h  to  5 a.m. local 
t for the Leonids is at a = 152' a 

The best time for observers 
format described a 

iant, size and st 

e r,urnber of t e k  
view 3s preferr 
akjng the sam 

ux estimates as the 58 m m  camera for the visual obser17er might b 

e likely 
ark the first, official 

hemisphere observers during the best time in the early mornlag 

send recorded data i 
presently established Commission channel 
for all modes of observihg. 
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eteor Colors 
Alastair McBeath 

An analysis of visual colors for the &Aquarid, Perseid, Taurid and Geminid meteor showers as recorded by the 
JAS Meteor Section observers in recent years is presented and discussed. A general confirmation of the trends 
shown by sporadic meteors is found, though Geminid meteors appear somewhat richer in their variety of colored 
meteors than other types. 

1. Introduction 
In an analysis of visual sporadic meteor colors [I], it was concluded that the observed color 
distribution could be accounted for by the effects in the eye alone and thus provided no real 
insight into the nature of the meteoroids producing the meteors. That paper left open the 
question of whether shower meteor colors could be regarded as being any more useful in this 
respect, and it is this topic which the current work addresses. 
Four showers were selected as suitable for examination, both in terms of the numbers of meteors 
observed from each, and also giving as wide a spread in their physical characteristics as possible. 
These four streams comprised the 6-Aquarids, the Perseids, the Taurids and the Geminids. A 
brief overview of the main physical parameters for each shower’s meteors is given in Table 1 
along with the equivalent sporadic data for comparison. 

Table 1 - Main physical characteristics for selected shower and sporadic meteors. Mean density 
( p )  and pre-atmospheric velocity (VW) figures are from [a]; corrected mean magnitude 
(m6.5) da ta  are taken either from the current analysis or [l]. 

Contributing observations were selected from those people deemed reliable observers made in 
conditions where the limiting magnitude was at least $5.5 and where less than 20% cloud cover 
existed. As in [l], those meteors recorded as being “white” or those which had no color noted 
were treated as effectively colorless, while those showing multiple colors were placed in the 
first-named color category only (e.g., “blue-green” or “blue-white” is blue). 

2. 6-Aquarids 

Table 2 - &Aquarid color magnitude distribution from 1984 to 1990. The “%” column 
gives the percentage of all S-Aquarid shower meteors showing colors. 

0 0 2 0 0  1 0 0  0 
1 4 2 4 1 2 2 2 1 3  2 0 
0 0 0 0 0 0  0 0 0 
1 1 1 3 0 0 2 0  0 
0 0 0 0 0 0 0 0  0 

2 5 5 7 1 2 2 3 1 6  2 1 
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S-Aquarids were reliably observed in any given year available for examination, 
SO a combined color analysis from both stream branches was carried out on the 299 suitable 
candidate meteors from results made between 1984-1990. Their color distribution is given in 
Table 2. 
Almost 29% of the colored total showed multiple colors, mostly a color plus w ite. Subtracting 
these latter leaves 11% (8 meteors) with contrasting colors orange-yellow (2), yellow-red (31, 
yellow-blue (1) and blue-green (2). 
Table 3 gives the proportion of all S-Aquarids which were colored by magnitude class. 

Table 3 - S-Aquarid color proportions by magnitude class. 

In many ways, this is the weakest of the four showers analyzed, since the overall number of 
meteors was small, thus any conclusions reached will be rather tentative. However, some points 
can be made. The color magnitude distribution is comparable to that of the sporadics overall, 
and the same features are seen-an overabundance of yellow meteors and a lack of green meteors, 
with the remaining color classes falling roughly into line with the scotopic eye’s sensitivities in 
general. 

3. Perseids 
A total of 2329 Perseids were examined for colors from results obtained in 1985, 1988 and 1989, 
and the overall color distribution is shown in Table 4. 

Table 4 - Perseid color magnitude distribution from results made in 1985, 1988 and 1989. 

Red 
Orange 
Yellow 
Green 
Blue 
Violet 

0 0 0 0 4 2 3 0 0  
0 1 0 6 1 1 2 2  0 

23 41 61 112 116 108 46 9 1 
1 0 0 1 0 0 0 0 0  

10 12 26 50 24 4 2 0 0 
1 0 0 0 0 0 0 8 0  

9 
13 

517 
2 

128 
I 

+2.58 
$1.85 
$1.25 
-0.81 
$0.26 
-5.31 

0.4 
0.6 

22.2 
0.9 
5.5 
0.04 

I Total I 35 54 87 169 145 115 53 11 1 1 670 1 4-1.07 28.8 

Multi-colored meteors amounted to 22.2% of all colored erseids, though only 5.1% (34 meteors) 
exhibited contrasting shades. These latter comprised: orange-red (21, yellow-red (51, yellow- 
orange (16), yellow-green (7), yellow- blue ( 3 )  and blue-green (1). 
Table 5 presents the proportion of colored Perseids for each magnitude interval. 

Table 5 - Perseid color proportions by magnitude class. 

The correlation between these results and the sporadics is again striking, with similar percentages 
of the meteor population in the red, orange and green categories, the red and orange magni- 
tude suppression relative to the mean, and the yellow excess. The chief differences come with 
the overall percentage of colored Perseids, which is above the sporadic range, and the larger 
proportions of yellow and blue meteors. 
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4. Taurids 

As with the 6-Aquarids, too few Taurids were allocated to their respective stream branches to 
make anything other than a combined analysis of the 368 shower members seen between 1984 
and 1990 possible. The Taurid color distribution thus derived is illustrated in Table 6. 

Table 6 - Combined Taurid color magnitude distribution from 1984 to 1990. 

0 0 0 0 0 0 1 0 0  
1 0 0 0 3 1 0 0 0  
7 6 10 18 32 18 13 0 2 
0 0 0 0 0 0 0 0 0  
2 1 1 0 2 1 2 0 0  
1 0 0 0 0 0 0 0 0  

11 7 11 18 37 20 16 0 2 

Sixteen meteors (13.1%) were multi-colored, ten of these (8.2%) contrasting ones: orange-yellow 
(1), yellow-red (3),  yellow-orange (3) ,  yellow-green (l), yellow-blue (1) and blue-red (1). 

In Table 7 are the colored Taurid proportions per magnitude bin. 

Table 7 -- Taurid color proportions by magnitude class. 

Magnitude I -3- -2 -1 0 $1 $2 $3 $4 $5' I 
84.6 63.6 61.1 52.9 58.7 25.6 18.6 0 13.3 

The similarities in the Taurids color distribution compared to the sporadics are again quite 
notable, much of the difference in the overall colored percentage a result of an apparent increase 
in the amount of yellow meteors. 

5. Geminids 

Results from 716 Geminids observed in 1990 were re-examined for colors as part of this analysis. 
The data reduced to Table 8. 

Table 8 - 1990 Geminid color magnitude dist,ribution 

Color 

Red 
Orange 
Yellow 
Green 
Blue 
Violet 

Total 

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

0 0 1 0 1 2 1 0 0  
0 1 2 1 4 2 1 0 0  
4 12 19 42 45 31 14 3 0 
1 0 0 1 0 0 0 0 0  
9 9 6 9 2 3 0 0 0  
0 0 0 0 0 0 0 0 0  

14 22 28 53 52 38 15 3 0 

Tot 

4 
11 

170 
2 

38 
0 

225 

- 
m6.5 

$1.74 
$1.38 
+1.36 
-2.26 
-0.47 

$1.03 

The multiply-colored meteor totals were: overall 37 (16.4%), contrasting colors 29 (12.9%), 
These contrasting colors were: red-yellow-green (l), orange-red ( I ) ,  yellow-orange ( lo) ,  yellow- 
green (14), yellow-blue ( l) ,  green-red (1) and blue-green (1). 
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Table 9 shows the proportions of colored Geminids per magnitude group. 
Table 9 - 1990 Geminid color proportioils by rnagnicude class. 

The correlation between Geminid and sporadic meteors is much as alrea y found with t 
showers in this study, though the color distribution is perhaps closest to t at of the Fjerse 
chief exception is the higher quantity of orange events. he Geminids also showed the highest 
proportion of objects giving rise to contrasting colors, th  in the yellow-orange category giving 
added interest to the somewhat higher orange results, while the yellow-green meteor numbers 
perhaps suggest the slightly larger fraction of green Geminids is not simply a statistical nuance. 
There is also a tendency for Geminids of magnitude 0 and brighter to show colors more frequently 
than other showers or the sporadics. As Geminid meteors have the hig est density yet known- 
perhaps as high as 3.8 g/cm3 [3]-it is perhaps surprising that their color distribution should be 
so similar to the other types of meteors examined. 

6. General discussion 
Shower meteors showing a perceptible color, while ge ally commoner than colored sporadics, 
were nonetheless not especially abundant. Even the rids, which showed colors almost one 
third of the time from these results, featured white or uncolored meteors in the negative mag- 
nitude classes some 15%-40% of the time. Whether the fact that more shower meteors were 
seen as colored is a genuine shower trait is less easy to he proportions of meteors 
in the magnitude $2 to $3 ranges were mostly considerably higher than for sporadic meteors. 
In theory, these meteors and those in fainter groups should a gear colorless, except where the 
magnitude is artificially suppressed thanks to the scotopic eye’s poor perception of certain col- 
ors, particularly red and orange, but faint yellow and in some cases blue meteors sti%l seemed 
relatively common, which should not be the case. There may be an element of observer bias 
involved in this, where either the observer is more wrilhg to believe a color occurred for a stream 
meteor than for a sporadic, or where more attention to detail is being paid to meteor shower 
members . 
Although the shower groups gave higher percentages of colored meteors than the mean sporadic 
value, the S-Aquarid total of 24.4% fell within the maximum annual sporadic spre 
to 25.3%),  so only the remaining three shower results can be regarded as at all sign 
addition, the S-Aquarid physical parameters are quite simil to the sporadics, so a correlation 
between the two is not unexpected. All three other streams d a mean magnitude significartly 
brighter than the sporadics, and if, as is borne out by Tables 3,  5 ,  7 and 9, brighter meteors are 
more likely to appear colored, this facet of the distributions can be readily explained. 
The showers all gave similar color trends to those found with sporadics generally, and so the 
remarks concerning why such a distribution occurs from [I] can be applied with equal weight 
here, without need for repetition. The general homogeneity found with all meteor colors is 
somewhat surprising in view of their disparate physical characters, and perhaps in the case of 
the Geminids even totally different origins, which tends to suggest that the CO~OI.S are produced 
by atmospheric rather than meteor chemistry. 
The following sections summarize the overall findings on sho-cver and sporadic colors, and high- 
light the deviations of shower colors from the sporadic norms. 

7. Red 
Red meteors were rare in all cases, and the shower results fell within the sporadic annual spread 
of 0,3%-0.8% of the total meteors seen. They were generally recorded as being fainter than 
expected, in line with the scotopic eye’s poor red appreciation. 
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These meteors were apparently quite rare, with only the Geminid proportion being fractionally 
outside the sporadic spread of 0.5%-1.4%. Further treatment minids is in Section 13. 
Orange meteor brightnesses seemed to be somewhat suppresse not as greatly as red’s, 
probably again a result of t,he dark-adapted eye’s color perception. 

llow 
Yellow events were exceptionally common. Almost 80% of all meteor types covered in this 
survey which showed a noticeable color were given as being yellow. The proportions of S- 
Aquarid and Perseid meteors fell within the sporadic up limit for yellow meteors (range 
7.8%-22.5%), the Geminids were slightly above this limit, ile the Taurids were higher still. 
That all the shower proportions were much higher than the mean spor ic level for these meteors 
is interesting. It may be this is a general shower trait, though why a wer like the S-Aquarids 
should show it is not easy to explain, as their meteors are very similar in character to the 
sporadics. Although exhibiting the lowest proportion of yellow meteors of the four showers, 
the S-Aquarids were actually closer to the Perseid and Geminid yellow totals than the mean 
sporadic value. Alternatively, observer bias, commented upon already, may have played a role 
here, probably coupled with the poor contrast seen between white and yellow, especially while 
the eye is saturated with dark blue light from the night sky, possibly leading to an erroneous 
after-image color (blue versus yellow) being ascribed to actually colorless meteors. 
The apparent brightness suppression giving rise to many faint (weaker than magnitude $2) 
yellow meteors fails to fall into line with the scotopic eye’s sensitivity to this hue, and gives 
support to the idea that poor yellow-white contrast coupled with the problem of after-image 
colors may be important. The very large range in annual proportions of yellow sporadic meteors 
lends some further credence to this, while other color proportions remained relatively stable from 
year to year, and it is also worth noting that much of the difference in overall colored pe 
between the sporadic and shower meteors examined here can be directly attributed to t 
quantity of yellow shower meteors alone. 

With the Taurids, these is possibly a case for stating that the shower may be genuin 
yellow meteors, since their percentage of such events was rather higher than for any ot 
examined. The chief obvious difference between Taurids and other meteors is their relatively low 
velocity, which perhaps gives the eye more time and opportun to  register any color present, 
though not necessarily to do so with any greater certainty. the sampled Taurid meteors 
totaled only just over 350, it would be wrong to read too much into this result, however. 

Meteors showing this color were except,ionally rare, so it is very di cult to draw any conclusions 
from the few reported. If the color is produced by, say, atmospheric oxygen, the relatively small 
amount of energy released by the ablation of most meteoroids may be insufficient to generate 
the necessary ionized state over a large enough area tm be se visually. Many green meteors 
do appear to be of a negative magnitude, for instance. The minids seem to be the richest 
source of green events, with one for every 333 stream members recorded. Further discussion of 
the Geminids can be found below under Section 13. 

This was a moderately common color, second only (by a very large margin) to yellow. The 
sporadic annual spread of 1.3-3.0% covers all the showers except the Perseids and the Geminids, 
which latter both showed over 5% of their meteors as blue. lue is registered quite well by the 
dark-adapted eye? and both Perseid and Geminid numbers were large, so this ma,y u7ell be of 
some significance. Comparing the two showers using their hysical characteristics superficially 
shows little similarity except in terms of mean magnitude. owever, there are a variety of wa.ys 
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of changing the equ tion which governs meteor b ~ i  
ncreasing any of these will iac  

velocity is ixpor tan t?  wLile Yy 

h density meteoroids are more X 

s i-~y dter ing the meteoroid’s mass, 
eventical meteor magnitudes seen. 
erninEdis, it is density, so perhaps 
.di~i-:e the color ‘blue. If this is so, 

it implies the component is atmospheric rather than meteoritic, as the Perseids and Geminids 
probably have rather ifferent orlgins, and al mt i t  requires nmre energy th.an most meteors 
produce to liberate i t  (possibly ior;lzecl iiitrog 

Various positive facttors mean blue meteor ma,gnitrides were probably esti 
so the overall mean rnagnitu.de fro112 

lue meteors were therefore predomin 
by more massive, denser or higher velocit,y par6icle:s7 as alread 

12. Violet 
These meteors were incre ibly rare, a mere  O.O.LYO .,ai of  9372) of a ’b the meteors surveyed. 
As the eye’s sensitivity to the color violet a t  night. s l~i i%itr  to yel.low (8.08 for violet, 0.09 for 
yellow), there seems to be a genuine absence of met rs of “cis cob" hile on average about 1 
in 5 meteors appea,red yellow, odjr i in 50815 -were viofet,, even fewer than the 1 in 1000 found 
for green, and even allowing for ihe fact that I‘ I)/ yell.aw events I ay be actuaiiy uncolored, 
there is still a large discrepancy b e t w ~ ~ n  these cts may well account for 
some of the violet loss, pushing same of these c !Its ernto the blue cate ory7 or contrasting so 
poorly with the dark-blue sky that they are seep mp?y as white. The t o violet meteors were 
of magnitude -5  an --6> a level perhaps hright enou~h -, ta e less sEected by contrast effects. 
An atmospheric origin for this color cannot be ruled out ( e ~ g e 7  icmized nitrogen). 

, , II iw 

All the showers examined produce greater propori;ions of m:.~li,ipie-coisred meteors than the 1 % 
found with sporadics, the 6-Ayuarid.~ and Gemi:~.lds being most prominent in this, th 
S-Aquarid numbers were low enough to make t he  vaiidii-y of t&r result questionable. 
bias may again play some pa,rt in this, though for so 
most popular sporadic multiple colors, y e ~ l ~ w - ~ h e  
prominently with the sl-rowers. 

Most of the shower meteors seen hs multipiy-:;dcsed w o r r l d  change the recorded distribution 
figures only slightly if they were to be divided i :tmg their respective color classes. The 
two exceptions to this occur for the Geminids, with the colors orange and green. Adjusting 
both totals by the appropriate amounts to allow for n~u!ti-.culored rn 
and 1.3% for orange and green meteors r e ~ p ~ t i ~ e i y ,  This makes the 
productive meteor color shower of any examined hiire, 
types is their greater densiky, it seeins likely i at this facet is helping to pn-oduce this range of 
colors, though whether they are atmospheric or meteoric in origin c mot be determined from 
this. It is perhaps more probable that they are atmospheric and are eirtg produced through a 
greater energy release by some iandedinetl physical and/or chemical reactions from the Geminids’ 
denser particles, but, this cannot he stated uneq~uivocaily, 

14. Ca ris ts 
Few comparable color aaalyses have been carried out in recent times, ut: reports on the work 
of Australian observers by 
on 1284 S-Aquarids [4], 20 
from a similar period to those in the present paper. 

All except the S-Aquarid analysis featwed colored percentages ly far meteors falling into 
Dhe category of at least as bright as rnagnit8ude -1-2, which may ave resulted in the loss of 
some genuine red and orange meteors (see Sections 7 and 8 above). This also necessitated the 

arly ii.~.cluded col.or data for many years. 
0 Gemhids  [6,7] were available for exam 



1 xalculation of the Australian Taurid arid Geminid c-o,ored pzrcensages do bring them k i o  11 
with this present work. A combined set of &Aquarid colors rrs,ng data from both Nor t lmn  as^-' 

southern branches was also recomputed. This i n e a n ~  ebeze may well be some i a z c c ~ r ~  
8 he reworked southern hemisphere figtiies, but thej,  s l - ~ \ ~ ~ i d .  geu.e;allj be: t’c)mpat;ble wi th  I 
,bats. Table 10 shows the Australian colored meteor propsr”eor,~, 

Table 10 - Australian meteor shower colors. ‘.I&’~’’ is the spproxnmatr numher of 
colored meteors in each class, P 
‘(76’’ gives the percentage of all 

dc‘era11, the color distribution is very similar to that discussed ~rnder Sections 7-13 accave, thou 
qecn meteors seemed a little less uncommon. The main discrepancy apyarer-t w:ih both rlbc 
Taurids and Geminids is the lower percentage of yellow meteors, which also acccaus.ts for xn~ucEi 
1 F the difference in the total percentages. The fact that, no faint (weaker than eiagnibude -1.21 

Ilow meteors appeared in the Australian results could easily account for f i l s  k~ow~ever. nhe 
Scluarid results, where all colored meteors were used ape vir tnrally identical for y e k w ,  despite 

7 n  

he far smaller numbers of shower members seen in the UK, for Instance. 

‘In closer inspection, the Australian results show a somewhat greater cpantity o€ gree 
bqcarids and a smaller amount of blue Geminids (using the modified c ~ a r i g e  and FT 

,icbportions for the UK, given in Section 13),  though %lie ainorrn~s involved are prcsba5;j M *  

x g e  enough to be too significant , especially bearing in mind the cornpu ta tbnal  c c m p . t ~ c a t ~ m s  
ifirtlined earlier. The general trends-even to the greater. spread of 
l-se other showers-are remarkably similar, despite the data being 

mini$ colors r-olllp 

Jarate groups of observers in opposite hemispheres of the globe iander di ekerlC condi tioils. 

’rom the sporadic and shower color analyses performed, all. meteor activi 
., iriiiar pattern, which can largely be explained by the sensitivities and falii 
$.l thus tell us little about the nature of meteoroids. Some showers have previously bee 

3 being rich in yellow meteors, but from the above, all types of meteors axe app2wi 
7 events perceived as yellow. Green and violet meteors are rare, though the Geminid met 
mwer seems to be relatively abundant in its variety of colors generally, lnme so 5hi-t 

m11s of meteor activity, perhaps because of its denser particles. The possibility is ah 
,iat at least some meteor colors may be atmospheric in origin, prociiiced by high-elit r g y  
ther than some effects of meteor chemistry. 

?though meteor colors can be viewed as being unbelpfrxl in furthering a study of t:i4r q ~ ~ n t  
1, eteoroids, they are still of interest and may, for exampie, reveal details of meteor energi~b, cal 

kctors  of the human eye’s perception of color as yet unsuspected. 

s of the h;lrn<Mr. 
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tribute to the instiniing el7oi.i~ of the many J A q  Meteor Secfion observers 
which have made c h i s  analysis possible. 

Perhaps because I am interested in abnormal menial states, I avoader: “What makes 
out of a comfortable bed, at 1. a ~ m . ,  arid km to an isolated fa,rm, to observe 
My seventeen year old son tells his &en 
out of the sky”. M y  friends and colleagues make s:yrr;path.etic sounds and say: ”T 
fascinating!” wberi 1 t,ell them a,bout my hobt-y, But tliey Aso look a bit GO 

become violent while 1 st*and speaking to  them. 
So, I am turning to you, a 
explain why I do what I do. 

UI‘ .relatives that, 1 go out to “waEtch rocks fall 

more sympathetic and undeusdan.ding audience to a.ttempt to 
011 are of Bn introspective mind t,@O, you might consider why you 

iorlally-caused hardshi 
for m-ljre alilse thar? d 

4 WO:U!~ Eie gl?d t ; ~  hear Eom 
r(“l?its I beiieve, 

Firstly, I do it  because 1 a.m., in the dark; iasua,19y alone, is ~ ~ ~ ~ ~ ~ ~ ” ~ ~ ~ ~ .  There are very few demands 
orriy natmal  a”r:inlai 2m.d in.sect sounds intrrude on my 

awareness. hxstle and bustle of e day i s  sllspercled. There i s  a hy otie illusion that 
the daytime with itls dutie and cares wj11 never come. I am there, al.one 11 the sky. And, 
hopefully, many ut ,whether the met,eors ‘c~zlateriaJizey9 or not the qiaiet; undoes the 
tension of the day. 

Closely related to peacefulness is the setting’s deliglit,s t o  the senses. JVhe an1 sitting in my 
lounge-chair at my tobacco-farm site, 1 am aware of the dam scent nf tobacco, 
and Dhe sound of nearby farm animals. Occasicinnlig, an owl by, occulting the 
stars, arid observe me. And what 
planets are old, reassuring friends. 
are bright, ~oiorfu4 and have a train the joy is increased e 
the serenity necessary to erijoy dayt,isrie sensory delights. 
the senses! 
Last,ly, meteor observing is 
need to do, notice magnitu 
When I compare my daytime judgement and plalisixig tasks to what I 

sf “i;~‘ f d ! ~ ~  fireball 

observer. It is quiet. 

pectacle for m:37 eyes! The myriads of stars an 
ch meteor seen well is an. I.:.xlexpect#ed de?ighe. 

onentially. I se!clorn have time and 
~ meteor observing i s  a” delight to 

ing able to indulge in a CGaripar vely simple ac 
stream, color and tirne, i s  close to automatic. I 

o when i observe I 
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realize that observing is like being on vacation. 
observe. I cannot 

Is0 Ti can predict what 1 
edict what Life will present me with during the day. 
thornable uncertainties. At  night, there is the farnili 

Il be doing when I 

bserving helps me to reclaim my equi i ihr t i~i~i .  

Well, there are my reasons “why 
if you could not agree with at least one. 

I doubt I will ever “progress” on to more automated, piore objective (i.e., photographic or 
radio techniques) and less personal forins of meteor observing. Ail the seasons above tell me 
t h t .  When techni necessarily more complex and less 
sensory. I believe eep it  simple and sensory”. 

re they similar to your reaso~zs? 1 would be surprised 

s are automated and objective they a 
my motto for meteor observing is: ‘ 

The author gives an overview of his radio meteor observations during the laat  f i s e  yea%s 

“When I started my radio observat,ions on September 1, 4.98~~ 1 did not intend to continue these 
observations for more than a year. But as the results were so interest,ing, xxiy curiosity increased 
a-:d 1 kept observing. At the end of august 1991 Z ha.d regist,ere 62 544 meteor reflections 
by pen recorder (during two years), and observed s o n e  328 000 sl during active listening in 
the course of six years. 

Maybe the foollowing graphs could contribute to a better understanding of meteor activity. 

Figure 1 shows the average urly rate of radio meteors for every day of the year (averaged over 
t,he period September 1, 1 -August 34. 1990). ’The o3xervaticms were carried out by direct 
listening and totale 259 150 meteors. 

Figure 2 shows the igbest arid lowest hourly rate for each day of t,he year {observed during the 
same five years), also based on direct listening, 

1 do not intend to comment on these graphs in detail. I v:cauld. only like to point out, that  all 
known major showers an a lot of the k ~ i o ~ n  minor showers are represented. Furthermore, 
several periods with high ctivity are visible, which as to yet are unaccounted for. 

Figure 3 is more complex. It was compiled from three 

ht Meteors, compiled by Axel Va Nielsen (1983-1910), a 
ersity. This catalogue contailis a number of bright, m 

anish astronomer 
ors from all over 

the world, mostly from the 19th and 20th century. 

2. A list 0 ~ ~ ~ e b ~ l ~ s  compiled by Thorva,ld ah1 jl852-i!?3l,,I, an amateur astronomer interested 

I observed by pen recorder and by direct Iisteriing between September 1, 

e collected Danish fireball observations €or more than 50 years. 

The graphs show the dally totals of meteors/meteorites from tJhe three sources for each day of 
the year. 
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Figure 1 - -  Daily average numbers of radio reflections. 
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Murcia 
Granada 

Visual Double Station bservatio 

3 7 5 9’ 2 3 I‘ N 
37O10’42’’ N I 0 1 O 08’ 19” W 

03’36’42” W 

urids and Leonids in 
Luis Ramdn  Bellot and Francisco Reyes Andre‘s 

A report is given on the trajectory calculations for two visual double-station meteors observed in Spain in the 
fall of 1990, the first being a Southern Taurid and the second a ieonid.  

In 1990, we started systematic double station observations, in order to catch simultaneous mete- 
ors photographically as well as visually. Although visual. work is much less accurate, the quality 
of the plots obtained and the estimates of the error when plotting allow us to get interesting 
data on the two meteors caught. 

This is the first time we make trajectory computations in Spain, although we have many double 
station meteors. 

Observations were carried out from the places listed in Table 1. 

Table 1 - Observing sites. 

The distance between both places is 236 km. Such a distance allows less accuracy when plotting 
without increasing a lot the final error. 

The first meteor seen was a Southern Taurid of magnitude $3 from Granada and +3.5 from 
Marcia. It appeared on the 10th of November at 23h24m45S UT. It was seen in Cetus by Francisco 
Reyes and in Granada, Luis R. Bellot saw it in Orion. 

The coordinates of the beginning and the end points are as shown in Table 2. 

Table 2 - Meteor track data for the Southern Taurid. 

From these data, we obtained the following atmospheric trajectory, which is shown in Table 3 
and Figure 1. 

Table 3 - Trajectory data  for the Southern Taurid. 

The second meteor was registered the 16th of IVoveInber, 1990, at  Q5hQ5m58s UT by Francisco 
Reyes from Murcia and by Antonio Romdn Reche from Granada. I t  was a Leonid of magnitude 
+2 .5  from Granada and +3.0 from Marcia. 
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Figure 1 - Atmospheric trajectory of the Southern Taurid and the Leonid meteor over the Southeast 
of Spain and the Mediterranean Sea. 

The coordinates of begin and end points are shown in Table 4. 

Table 4 - Meteor track data  for the Leonid. 

From these data, we obtained the following atmospheric trajectory, which is shown in Table 5 .  

Table 5 - Trajectory data  for the Leonid. 

This Leonid, which is also drawn in Figure 1, is less accurate, as the plotting error was a little 
bit larger. This fact could explain the high beginning height. 

Now we are computing the meteor orbits, as well as other double station meteors. 

o not forget to renew your mem tion early! Last year, many 
people paid very late as a consequence of which it was difficult to make a good planning for the 
present volume of W G N .  This had as a consequence that certain urgent documents, such as the 
1991 IMO Meteor Calendar, had to wait for the April issue to be sent out! Please help us in 
avoiding similar problems this year by not postponing your renewal! 
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The 1991 Perseids 

The 1991 Perseid Campai n in Spain 
Jose‘ M. Trig0 Rodr igwz  

An account is given of 1991 Perseid observations in Spain. During the night of maximum, an increase in the 
percentage of persistent trains was noticed. 

Members and colla,borators of the SQMYCE (Spanish Meteors and Comets Society) participated 
in a Perseid campaign. Although the observing site was very good, we were troubled by Clouds 
from the night of August 8-9 onwards. Luckily, this trend changed on the night of the maximum. 

using that night, the visual characteristics of the Perseids were very d3eren.t. In particular, 
an increase in the percentage of meteors with a persistent train and in the number of meteor 
explosions was noticeable. Several twins and “bundles” of meteors were observed that night. 

Figure 1 - -3 Perseid on August 12,  1991, a t  3h22”02s U T ,  pho- 
tographed by the author a t  Pic0 Peiiarroya, Tervel. 
Orion is clearly visible; the bright star in the upper 
left corner is y Gem. The photograph was exposed 
from 3h17‘n34s till 3h22m06s.  
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There was a long period of high activity. On the night of August 11-12, the activity was mainly 
caused by fainter meteors. On the night of the maximum, a change in characteristics is evident, 
and more brighter meteors with persistent trains appear. wing the night of August 13-14, the 
activity was still high with a ZHR around 60. 
The Valencia and Barcelona groups organized a four-station watch for meteor photography. 
Fourteen observers participated from the Tesvel site. The results: very good! 

uarids an pain 
Luis Ramdn Bellot 

___- 

An account is given of 1991 Aquarid and Perseid observations in Spain. Attention is asked for a suspected minor 
shower, called the a-Cetids. 

During 15 nights in July and August 1991, the author saw 544 Perseids, 46 South 6-Aquarids, 
44 North 6-Aquarids, 15 South L-Aquarids, 25 a-Capricornids, 15 tc-Cygnids, 14 n-Cetids and 
229 sporadics. 
The main purpose of this campaign was to obtain plots of Aquarid meteors for the IMB Aquarid 
Project, as well as monitoring the Perseid activity near the maximum. Therefore, the first part 
of the nights waa used to observe the Aquarid region, while the second part was used to follow 
the Perseid activity, when the radiant was high in the sky. 

Table 1 - Magnitude distributions. 

Shower 

Perseids 
S-Aquarids S 
&Aquarids N 
a-Capricornids 
.rr-Cetids 
Sporadics 

I 

- 
lm 

6.35 
6.07 
6.35 
6.14 
6.39 
6.36 

- 

_I 

-4 -3 -2 -1 0 $1 $2 4-3 4-4 -t-5 

0 0 0.5 4.5 14 54.5 152 177 93.5 18 
0 0 0 0 0 7 15 13.5 9 2.5 
0 0 0 0 1 2.5 9.5 13 15 4 
0 0 0 0 1 3 4 10 5.5 1.5 
0 0 0 0 2 0 . 5 5 . 5  4 2 0 

1.5 0.5 0 0 2 19 39 78.5 65.5 23 

II 

Tot 

544 
47 
44 
25 
14 

229 

- m 

2.59 
2.68 
3.15 
2.82 
2.25 
3.07 
I__ 

- 
m6.5 

2.66 
3.11 
3.30 
3.18 
2.36 
3.21 

Table 1 shows magnitude distributions for these streams. I saw 250 Perseids leaving a train, 
which is almost 46% of the total number of Perseids. Among the minor showers, the activity of 
the n-Cetids (a stream which is not listed in the IMO catalogue) is weak, but detectable. They 
were seen from August 5 to August 18. They are quite bright (+2.36), with medium-low speed 
and approximately 36% of them leave train. The radiant seems to be nearly stationary, and it 
lies at a = 42’ and S = -16O, with a possible maximum on August 11-12. I think IMO should 
pay more attention to this stream to find out whether it exists or not in years to come. It is listed 
as a minor shower in [l]. In 1987, R,osario Moyano (SMS member) observed from Cochabamba 

olivia) and she saw a high activity of n-Cetids during the first week of August. This year, 
also Mario Gaitano reports some n-Cetids, so it seems worthwhile studying this minor stream. 

Re fe re n c e 
[l] “SMS List of radiants”, Meteors 16, July-August 1991, p. 15. 

I have to  warn for extreme caution when trying to  i’discover’’ new minor showers. Single station 
visual observations are mostly inaccurate for  this purpose. O n  the other hand, several established 
major and minor  showers can hardly be covered, so should we not  concentrate o n  them in the 
first place? (Ed.) 



An account is given of the 1991 Perseid observations of the Arbeitskreis e f eore  on M t .  Rozhen in Bulgaria. 

The Perseids of 1991 appeared under very favorable circumstances moonwise and maximum 
effort was made to observe this year a.t the best p h c e  we knew about. After many years of 
observing in Southern France, I finally tried another location: &.I ozhen in Bulgaria. In 
October 1990 I had proposed some observers of the Ar (AKM) to join me in 
Lardiers, Southern France. It was very cloudy and rainy a i d  th  b s erver s left L ardier s 
with a very poor impression about the observing condit'ioris in t nce I had been many 
times in that area of Europe, I was very disappointed tha,t th  servers got such bad 
impression of the region, especially since 1 obtained splendid observing series there so often in the 
past. By the way, with only five observers in Lardiers we recorded as many meteors in October 
1990 as the rest of the world together, despik the bad weather. Anyhow, strong stories were 
told about Mt. Rozhen, a place that rnust be a paradise for observing. Indeed, I was very eager 
to  observe at such a place and arrangements were made to enable my participation in Perseid 
observations at Mt.  Rozhen. 

On July 26, I went to Potsdam in order to leave from ther ith a rented van on July 30. 
We first drove to  Dresden, then through Czechoslovakia and ngary. After a short sleep at  
a camping place in Hungary near the Yugoslavian border, we crossed Yugoslavia and entered 
Bulgaria without any problern. Traveling for about 2000 km with six people in a van is taking 
quite a bit of energy. It took me several days to recover from the travel. Once in Bulgaria I was 
surprised by the resemblance to Northwestern Euro e.  Everything looked very humid and the 
vegetation indicated that it is certainly not a dry area. 

Mt. Rozhen is a professional observatory at 2000 rn altitude in the southern part of the Rodope 
Mountains, just north of Greece. The roads are very good and the observatory is quite new, just 
ten years old. It houses a 2-meter optical telescope used for galaxy research and a few smaller 
telescopes. A separate building includes the working rooins of the astronomers, administration 
offices and private residences for astronomers, technicians arid their families. We got an apart- 
ment which included everything one can e ect in a cornforortable modern house. We had a lot of 
living space. The building was well isolat against the heat; it was often rather too cold. Since 
the observatory is at  over 2000 m, the air is thinner which could be felt during physical efforts 
(running up four floors on a staircase . . .). 
The nature with its typical mountain vegetat,ion is very beautiful and several excursions were 
made. We visited an impressive canyon, some giant stone bridges and caves. It is an area that 
will once attract many tourists; at  the moment there are almost none. 

Observing was our main target. My AKM friends had put my expectations very high. I should 
expect near to 100 hours of effective observing time and a sky I had not often seen before. Some 
of it came true; i t  was a long time ago that I had seen such bad weather during my summer 
observations? Bulgaria experienced one of the most, rainy sumniers in many years, just when 
we were there. Waiting for every clear opening in the doud cover we managed to observe most 
nights, losing a limited number of nights without any observations. In fact we were very lucky 
that the night of August 12-13 was very good, just well-timed for the maximum. The horizon 
never got perfect, but from about 10' elevation the sky was very transparent. I got a record faint 
limiting magnitude of +ci.8, while I normally get no further than +S.5 in perfect sky. Getting 
older I see my limiting magnitude improve while the opposite is to be expected! On August 
12-13, the Perseids started very strong with the radiant very low on the horizon. The activity 
did not increase, giving the impression of being constant or even less in the middle of the night. 
While many faint Perseids were recorded, some bright appearances occurred leaving very long 
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persistent trains. The deep-dark transparency of the sky showed marly details an 
Gegenschem, the ecliptical light and the zodiacal light in the morning. 

7ojecd and to have some 
near the radiant to verify rumors about a double 

the author counted or plotted over 14000 meteors. which i s  very good, especial 
losses due to bad weather are taken into account. 

Bulgaria is a small country but has a long tradition in meteor observing. Several groups of 

the future their results will be 
included in our analyses. They can provide very vairrahle data from their more southern latitude 
in Eastern Europe. The many talks and dis ssions we had with these very friexiclly people were 
most interesting and we are grateful to our ulgaridn &lends who visited us. On our way back 

r. Vladimir Zn rric (Gzechosl07~akia), where we picked up 
200 copies of the famous Atlas .O. This visit left us a with a very fine memory of 
Brno, and we enjoyed a very friendly hospitality. 

Despite the results we felt disappointed because of the unexpected bad weather that reduced 
our observing possibilities quite a lot. HQWW~Z., I think it I s  a bad attitude to go observing, 
expecting 80% perfect skies a the time. -We rdd go to some places, taki: the weather for 
what it is and see what we can o for observing. remaining time should be spend as holidays, 

zhen where we could visit beautiful sites in ilre area; also the trip itself was very 
one always expects the very best circumstances for observirig, there will mostly 

be big disappointment at  whatever place on Earth. 

Expeditions like this one are of very high importance. W e  should go on with i t ,  but we must be 

the plEdsGre to 1 the four main meteor observing 
rxethods now an 

hilosophical w en weather turns out to be f a  elow t h e  expectations. 

An impression is given of the author's observations of the 1991 Perseids from Maryland. A rather high number 
offireballs was seen in the night of August 12-13. 

It has been many months since the weather cooperated enough to permit moniroring a shower 
during its peak. An uncharacteristically well-timed high pressure air mass slipped over 
ington D.C. on August 18. 

Amazingly, it stayed in place for observatioiis on August 11 axid 12. 
reasserting themselves on the 12th but,  as the evening twi 
So, 1 was able observe on August 13 too. Consecu+iv 
more likely in iego, but for Washington 

As a spectacle, 1 were impressive, A nnagnitude --5 firebal 
surpassed by two -6 fireballs on the 13th, as well as ansther - 5 .  
occurred within five minutes of each other! Althor-igh t h i r e  licu 
much solar longitude, the brilliance of the 1 3 t h ' ~  meteors suggest to  
like the second Perseid peak was happening. 1 look forvvdrd to the 
my data corres ond in the activity rates. 

Clouds seemed to be 
deepened, the clouds disa 

s of observation-qiiality 
. it is nothing short of a miracle. 

on is not equal to 
at something unusual, 
analysis to see where 
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rv s i  

P 

The maximum of the 
radio meteor counting. 

uadrantids was ohser ved by eight Eluiigaria~ ~ , t , a i e ~ r s  during a 27-hour long continuous 

We began our observing session at bomljT on January i991. (3ux eyl-iipment consisted of 
a Hungarian synthesizer tuner (wit a sensit,ivity of 2 p i T )  i.,nd a simpbe dipole antenna which 
we preferred because of its vatlion was made at the frequency 
of 94.7 MHz. Det,ecting t meteor echoes was done by esiiig to the audio output of the 
receiver. The observers worked in shifts of half an hour.  he exact ,Lime7 duration. and relative 
intensity of the reflections were recorded, 

At the location of the observation ( d ~ ~ n t o ~ r i  itdapest] t he  high !eve! of the electromagnetic 
inkrferences--especially during daytume--increa,seck the a n  

indicates an uncertainty. during the 
the sporadic background was about 
continuously decreased durlng the even;ing, consistent with the hwer cdrnisratioxb of 
After 21h UT the activity started to rise slightly, an3 aro.tina. ~ r d n i g h i  (<in UT) a su 
took place: not only the number 

niforrn characteristics. The 01:) 

’T., 

it, of W O T ~  for th-e Q 

1s are shotvn. The Figure 1, the numbers of meteor echoes in 30-minute h t  
“ I. 

ternoou. Before amd aAer t,he i-iadrantids’ appearance, 
rniber of detected echoes meteors per 30 miiau’les. T h e  

- ,  

also the duration of the echoes increased dramatically. We 
could, for instance, enjoy a part, ink Fbyd’s ‘61%4,Tell for if:., -f-”a% d ,... .,econa?s! c 

y 4 0 i . ~  ___ ~~~~~~ .... ~ . - ~  ~~ ~~ 

Figure I - Number of meteor echoes 
observers listening at 94-7 

alf hour recorded 1 
on January 8 and is. 

The period of high intensity ende 
sporadic activity reaches its daily 
its culmination! Our experiences confirrried that the ma,x:innini o 
a few hours. Accmrding our observation it t a s k  piace betwee 
1991. Unfortunat,ely the 
persons participated: I 
Sirneczky, Z o l t h  Anta 

s the lime when the 
drankids approached 
antids only lasts for 
UT,  on January 4, 

prevented us f r o n  doi:lg visual obser~a t io  
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Based on Hungarian telescopic observations, the determination of the radiant's position was possible. The result 
of a series of radio observations suggest the existence of a possible double rnaxinum. 

The appearance of the April Ey one iocation an 
town of Tata, 
UT,  Krisztiin 
Tepliczky saw 
members were of magnitude -1 and .- 

ZoltAn Antal Nagy achieved a much 
vations from dowritown 
his 7 x 50 binocular h 
eight observed meteors 
intersection of the lines is: a = I~'ZP, s =: -+-32~6. 

ears were faink and fast. 

telescopic obser- 

Figure 1 - Telescopic Lyrid observations with a 7 XI 50 binocular by Zolt6n Antag Nagy 
an April 20 between 22h15m and X h 4 S r n  'IJ'T. 

Jiinos Szucs in 
of April 18-26 
and a %element 
detected between 

ade a s e i m  of radio obsrrvations within the period 
ngarian-made receiver with a sensitivity of 2 pV, 

meteor echoes to afi ; ~ z i m u t h  of 270".) 9' 
are shown for each rriorni 

It is interesting to see that before the expected mlaxirnura? 011 April 21-22?, another higher peak 
is seen on April 18- Visual observations would have been very risefui to check this event. We 
expect data from o servers about this perio 
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Figure 2 - Radio observat,ions of the April I>j~ic!s betwren April 18 and 26 in the 
interval 3h30”--4n00“ ti?’; obtairred by J;ines Sziics at 88.3 M 

From the 

w Martin Beech, “William Frederick enn,ing: In $usst 0,F .Me 
p. 983. 

W.F. Denning (1848-1931) was one of those rare arrrateiir ~ s h ~ ~ ~ i i i i e r s  who achieved world-wide respect and 
fame in several areas of astronomy duri his Me time. He is pr~l iably besi remembered today, however, for his 
work in the field of meteor astronomy. nning was one of the first Corrctjponding Fellows of the Astronomical 
and Physical Society of Toronto. In the irty ytears bettveeri his eketion a::d e ~ ~ ~ t u a l  death, Denning published 
a whole host of articles in the Society’s journal. i t  is these con;riba~,io are reviewed here. 

Special emphasis has been directe tovrrards his commmts  of; t,iw pop’ on of meteoric astronomy, and his 
occasional lapse into poetic imagery, this iabter feature k i c g  e s a m i n ~ d  with the  hope of discovering a deeper 
understanding of Denning’s personal life and beliefs. 

Jack D. Drwnmond, ~ ~ E a r ~ ~ ~ A ~ p ~ ~ ~ ~ ~ i ~ n ~  Asderoid S!ream~”~ 1 lis 8.9, 1991, pp. 14--25. 

The osculating orbital elements of 139 Earth-approaching asceroias (through 1990 KA) are compared with the D- 
discriminants to identify the asteroids traveling in the most similar orbits. No Apoiio associations are noted, but 
three Amor groups are identified whose members, if they were meteors; would b e  classified as comprising a shower 
or stream. Two of the streams have five members each, and are s town t,o be kcomistent with random groupings. 
One involves two V-type asteroids, and the other five-miemher grocrp has a SeQmIdary minimum in mutual orbital 
separation in the main belt, perhaps pointing to the location of a coliisior;. The three meteorites with known 
orbits are also examined. Innisfree is most closely related to I989 D Pribarn is questionably associated with 
4486 (1987 SB), and Lost City mau be another outlier of a foiw-mm-her asteroid association. Independent 
corroboration of these asteroid streams is provided by Halliday et al. iii Ueieorifkcs 2 5 ,  1990, pp. 93-99, who find 
four streams among 89 meteorite-producing fireballs, three of wiiich are evidently the meteor components of the 
asteroid streams. 

I t  is remarkable that  in the face of disturbing perturbations, asteroid st,reairs corrid survive for any length of time, 
but if they are true non-random associations then the opportunity cxiscs for studying an “exploded” asteroid in 
the near-Earth environment and through exarnination of pieces dropped by stream fireballs. The prediction is 
made that near-Earth asteroid search projects should find more mernbers if they search t.he mean orbits of the 
streams. 
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