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Fireball dust train photographed during dusk a t  the Aiiiur River in the IChabarovsk Territory, USSR, 011 October 7 ,  1982 
(photograph presented by the Committee 011 Meteorites of the USSR, Academy of Sciences and kindly communicated to 
us by Dr. A.  Terentjeva). 
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dit or-in- C 
Marc Gyssens 

The International Meteor Weekend in Balatonfoldvdr, Hungary was a success. Many  new con- 
tacts were established, especially with and between meteor workers in Eastern Europe. The 
climax of the event was of course the Founding Assembly of the International Meteor Qrgani- 
zation, at which occasion the elected Council took over the management f r o m  the Provisional 
Administration. In some respect, the I M Q  Founding Assembly was the conclusion of a chain of 
rapidly succeeding events which led t o  the organization of international meteor work o n  a global 
scale. In most  other respects, however, it was just  the start of much more work to  come. The 
structures clre there now, but t h e y  are only a n  instrument,  not  a goal; it is  up to  meteor workers 
all over the world to  use them as eygiciently as possible to  contribute to the rapid progress of 
meteor astronomy. This  will require a lot of eflorts f r o m  everybody involved, but the results to  be 
anticipated will make this eflort more than worth-while. M a y  1990 be the start of a brand new 
era in our branch of astronomy that will give a lot of satisfaction to meteor workers wherever 
they live, amateurs and professionals alike. I n  this spirit, I wish you happy holidays and the 
very best for the yearjs) to  come! 

IMO Contri 
Marc Gyssens and  Ann Schroyens 

This is the very last issue of WGN you receive unless you renew your IMO membership 
and/or WGN subscription for 1990. Of course, many readers already did this, and we thank 
them for their continuing support and confidence. Some ot ers, however, may have forgotten 
about it, and if you are one of them, please take a moment of your time to do the necessary. 
You do a service to yourself because your supply of quality meteor information will not be 
discontinued; and you do us a favor by helping us to compile as quickly as possible a complete 
mailing list for next year. Going back and forth to the post office to send out back issues to late 
renewers is a time consuming job; help us by allowing us to spend this time more efficiently! 
Everything you need to know about renewing your membership/subscription can be found in 
the October issue,  pp. 169-170. 

N 
compiled by Mare Gyssens  

A double Perseid maximum in 1988? 
Some more reactions reached u s  on the article in WGN l7:dJ pp.  127-137, several of which are 
f r o m  professionals. 
In WGN 17:4 you reported the Perseid bimodality. To my mind it  is a very interesting and 
actual publication. I was very impressed by the discussion of the subject in WGN too. I have 
also some private communications about the Quadrrtntid bimodality, and 1 now think that 
many showers have two maxima. 

Galina Ryabova, Tomsk State University, October 22, 1989 
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Figure 1 - A  single particle path. 

maximum, and few between. 

As regard hollow meteor streams, I think it is an arti- 
fact of the model in some ways but it is also in some 
sense real. If we take a single particle, then plane- 
tary perturbations will cause the particle to move on 
a sinusoidal curve about the Kepler orbit. The par- 
ticle orbit can be in three dimensions, i.e. out of the 
plane of the paper. Considering many particles, we 
have many orbits like the curve on the picture. As 
with all sine waves, particles spend most time at the 
extremities. Thus if the stream is represented by a 
small number of particles (< 100) a significant num- 
ber will be at their extremity, and taking a picture of 
the cross section, one finds many particles on a near 

Figure 2 - Left: single wave seen end-on. Middle: family of orbits Right: family of orbits if oscillation is 
greater than spread on orbits. 

This looks hollow and to some extent it is (Figure 2, left). The whole effect is lost if instead of 
one orbit there is a family of orbits (Figure 2, middle). The effect can be retained if oscillation 
is greater than the spread of the orbits (Figure 2, right). Care is needed in interpreting any 
numerical model. 

I.P. Williams, Queen Mary College, August 1989 

Due to the distrust of visual observations we have to be most careful in observing and analyzing. 
Now it is better to publish no assertion than an uncertain one. 

Looking at Figure 1, p. 130 there are striking dips at A 0  = 13506, 13804, 13904, 14005, 14105, 
14206. Before interpreting the dip at  13904 as a double maximum one has to elucidate the 
regular occurrence of significant dips. 

I calculated the altitude of the radiant for the first American observations at A 0  = 139013. It 
was about 13' in Florida (82' W, 28' N)! Because of the izncertainty of the zenith correction 
factor, this ZHR is unreliable. I think we should make no assertion at this moment than one 
based on such reliable observations. I fully agree with Christian Steyaert in the point that 
no personal impressions are of value in proving high or low activity. We should prove our 
conclusions by means of observational data and avoid a mixture with personal impressions. 
Such impression reports are important for encouraging observers but they should be published 
apart from shower analyses. 
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I think it is possible to detect variations of activity also in a time span of few hours if there is 
a sufficient number of reliable observations. 

Ralf Koschack,  September  10, 1989 

W e  also received t w o  m o r e  reactions o n  the  remarkable t ra ins  reported in WGN 17’:4, pp.  115- 
116, one  f r o m  Trond Er ik  Hillestad and the o ther  o m  Pekka  Parv ia inen .  S ince  the lat ter  one 
contains  a n  in teres t ing  photograph we would like t o  reproduce in WGN, we postpone these two 
le t ters  t o  the  fol lowing issue.  

Th 
sse 

Since the first idea d in 1987, a lot of preparing work has 
been done to guide towards its first General sernbly. Founding an ordinary, national 
society implies a lot of work. The degree of complexity for an international organization is 
still more impressive. All details were carefully studied, thereby involving the 97 founding 
members of IMQ. A Constitution, a Council an m i s s i o n  programs were prepared. 97 
founding members and 26 associate members were ted to attend the Founding Assembly at 
the International Meteor Weekend on October 5 IatonfoldvAr in Hungary. This meeting 
represented a rnilest in the history of amateur or work; this article is meant to inform 
the people absent in ngary, and to give them an idea about these very important days. 

establish IMO were discu 

yssens and the author arrived at, Budapest the first 
day of October. Tamas Kalmar awaited us and rought us to his house where we found 
Jurgen Rendtel, And& Knofel, Ralf Koschack and iner Arlt. This was the start of the final 
IMO preparations. After a good lunch offered hy the family of Tarnas, our Hungarian friends 
organized the trip to Kotsce by car. Kijtsce is a very small village where MACSIT runs an 
old farm house, now installed to house amateurs that observe at  the site. The first night the 
author and the East German team observed together. This was interesting to compare the 
observing methods. In theory, all IMO members use the same instructions, but few of them 
have observed together. Fatigue kept other people sleeping the first night and more people were 
expected the next day. 

Daytime was used to discuss all kind of technical details, and to to write up the final IMW 
program; nighttime was used for some observations. The sky was dark and as good as an 
average good night in the Haute-Provence. More and more people arrived these days: Malcolm 
Currie, Dieter Weinlein, Detlef Koschny, Alexandra Terentjeva, Gennady Andreev, Casper ter 
Kuile and many others. The time all these people were together was very well used. As the 
group lived together a few days, the IMO people attained a good level of cooperation. The 
European membership of IMO was really well represented. 

2. The I a ~ ~ ~ o ~ ~ ~ I ~ v ~ r  

On October 5 ,  we moved to Balatonfddvjr where the 
“Hotel Festival” after a good walk. Indeed, the 
hotel. For many people it was their first visit to 
Hungarian wine is excellent! 

W was to be held; we arrived at 
was organized at a rather large tourist 
ary; one thing they experienced is that 
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I Finally, the 1989 I M W  was opened. In this report we will not describe each lecture; the 
proceedings of this I M W  will be published in 1990. 

After dinner, there was a first Council meeting to prepare the Foun ing Assembly. Several 
important principles were discussed, some of which are of interest to all readers. First, it was 
agreed that each Council member is assumed to have an active job in IMO; in this way, lazy 
people will be discouraged to seek Council membership. Furthermore, it is important to realize 
that international work needs priority over national activities when a choice has to be made. 
It is also good news that the Council members agreed to  pay themselves expenses of some 
personal character, such as correspondence, phone, . . . 7  thus helping to keep IMO membership 
fees low. There will be observational reports (e.g. on an annual basis), and subsequent I M W -  
IMO-meetings will be held annually basis, making IMO-meetings abroad Europe a distinct 
possibility. IMO will get local representatives, about one for each language group. 
October 6 got a morning program with lectures and a fine afternoon excursion. The group 
crossed Lake Balaton with a ferry and drove into the countryside to relax a bit in the sur- 
roundings of the historic town of Tihany. Cosy caf& and a long walk, showing the participants 
some geological particularities of the area, provided an opportunity for many hours of informal 
talk. The trip was a rather improvized one, using all the available cars. A Czech group crossed 
the border in a small truck which eventually turned out to be the means of transportation for 
about 20 people at  the excursion! The evening got a workshop on databases and associated 
computer stuff. Reports on the workshops will be included in the proceedings by the chairmen 
of the commissions. 

The observational databases are well defined now and already exist for some time. It is im- 
portant that all people willing to cooperate in IMO make an effort to respect international 
standards. IMO does not want to renegotiate its standards to adapt them towards any new 
group that wants to  join in. The first standards were discussed at the 1986 IMW and further 
developed through correspondence. The 1989 IMW can be considered as their final confirma- 
tion. 

3. The Founding Assembly 
October 7 was well filled with 11 lectures followed in the late afternoon by the Founding 
Assembly of the International Meteor Organization. 
Opening chairman of this happening was Marc Gyssens who acted on behalf of the Provisional 
Administration. This historical event was attended by a large number of people, both members 
and non-members. By common agreement, the birthday of IMO had been set at May 1, 1988, 
after a first six months of preliminary preparations. October 7, 1989 is the end of the founding 
period and the start of the existence of IMO as a constitutional association. At this occasion, 
it seemed a good idea to the present author to review the backgrounds and ventures that led 
to the current IMO. 
It is important to  know that IMO is not born from a recent initiative; it is the product of a 
ten year long evolution of international cooperation among meteor workers. The organization 
has three main roots: the International Meteor Weekends, the journal WG", and an intensive 
correspondence among meteor workers. The tradition of IMWs started in West Germany after 
a successful International Astronomical Youth Camp in 1978. The first h4eteor Seminar took 
place in June 1979 in Konigswinter (FRG). The second Meteor Seminar was organized by Hans 
Georg Schmidt in November 1980 in Pullach (FRG) and it drew a very international audience. 
Already at that time, a European observing method was presented to become a standard. It 
was used by most groups and served as a basis for the current 0 method. A first attempt 
was made to establish an international meteor body, resulting in FEMA. It never got off the 
ground really well, as not everyone agreed on its necessity. It was a very lose framework of 
independent groups, without a constitution and without a real management. It silently died 
away a couple of years later. 
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I Part of the problems then in estabiis ing ~ n t e r n ~ t ~ ~ n ~ , ~  cooperation lies in the fact that there 
have always been two types of Pnekor observers: those who .ililatch ors for pure fun and 
those who make tematic observations with a scimtific goal in mi deed, the first group 
of people really s not need an organized international cooper ince it) is of no use 
to them. In the period 1980-1985 both types of amateurs took part in a11 activities and as 
a consequence a lot of irrelevant talk on observing motivation corzsurned far too much of the 
meeting time. The stargazers dominated a lo eventing this field of 
astronomy from getting rationally organized. d in 1982 in Wasselt 
(Belgium), in 1983 in Denekamp (the Netherlands) m d  in. 1985 in Violau (FR ). Cooperation 
inprove?, but 110 organization was established. 

N had served as a regular news!etter €or Dutch speaking meteor observers. It 
grew from a leaflet, in 197 to a bimonthiy periodical ~ ~ 4 t h  issues of 40 or more pages. In view of 
the g r o ~ i n g  nuranber of foreign contributions and the rapid!y exps~rzdh rna,tional readership, 
it was decided in 1981 -do publish aII relevant idormation in Englis though this decision 

by all foreign readers. 
editor at tha,t time. Meteor work aimed at ",be scientific aspect of the topic was encouraged, a 
policy that created a, selective readership. 

xce) brought together several of 
the most active ropean meteor obser'i~er observ i~g  field. The excellent 

ioniil method. 
led to  the current ich wa,s about a.t its current 

ei?. the current forms, already 
adapted in detail. for fast data storage in a Su glish edition of a Handbook 

eteor Weekend. 
WGN got more forei.gn subscribers than ever b e h e ,  since it became the In,ternatisnal Circular 

f o r  Meteor Obseriiers in 1985. 

was not a,ppreciated b utch speaking readers, it was of course 
came mainly through the inteil.si\ye corr 

01- observing camps a,t 

eteor ~ ~ ~ ~ ~ ~ ~ ~ ~ i o ~ s  was also prepared in 1986 and so was the 6th 

resent, to make a serious step towards standardization at the 19% IMW 
This weekend m7as a very E essfd e-vent vvith m a n y  participants from 

was the first sxch rn $1 where international. cooperation could 
be thoroughly discus d out t!mt still some people did 
not W%nt eQ see IXleteOl. rity h a E y  agreed on a standa,rd 
for visual observing, a of a11 international database. It 

describe this illethocl ir: a. handb aad to generalize the observing 
wever, collection of results, arclkiving reports, and recognition by astronomical 

societies still required a more concrete organizational stsucture. 

N ceased publishing articles in S,ch a.nd became an internat,ional bimonthly 
journal in English. In November 1987, the gian mekor observers who produced WGN 
started to negotiate about the feasibility of a me that came in can be read 
in WGNs of 198 The consult,atioii of many p e  that a large majority was in 
favor of such an 0. A first concrete proposal was prepan and presented at t,he IMW in 
Qldenzaa!, March 1988. Several people came to this sxeeting would be finally 
started. While the hrge  majority of meteor workers around 11 favor of IMO, 
there was a sma1.l opposition, mostly consisting of spite the wish of 
a large majority of the particiym froll-1 abroad, t te was reduced to the sca,le of a 
workshop among several. others. o p k  who traveled big distances to decide on 
saw their time spoiled at the workshop by a few people whose ozlly aim was preventing 
any concrete decision. These people rarely pa,rt in iaterna,tional events, and were not 
present at the 1989 le came to sane  agreement during the informal 
talks after the unfortunate workshop. Consultations were continued by correspondence which 
led to a definite status by May I, 1988, 
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Despi.te only a very few people opposed against IMO, the overall majority of meteor observers 
joined as founding members or contributed as observers. The 97 founding members live in 21 
countries on 4 continents. All decisions were made by written vote through the IMO documents. 
The last such document contained the final version of the IMO constitution. 

The author of the IMO constitution, Marc Gyssens, commented his work at  the Founding 
Assembly. Some typical characteristics of the IMO constitutions are: 

The legal status of IMO is identical to that of the International Astronomical Union  which 
has been founded according to the same Belgian law. The advantage of this law is that 
it provides corporate status for IMO as an international society rather than a national 
one. While this status is recognized by most countries in the world, Belgium is the only 
country that provides such legal possibilities. 
Typical for IMO is that it is a society of physical persons and not a federation of existing 
associations or local groups. IMO encourages individual persons to join, regardless their 
affiliations with local groups. 
The objective of IMO is to collect, to store and to analyze observations, to  communicate 
results to the meteor community, to standardize observing methods, to enable a world-wide 
analysis of data, and to establish contacts with professionals. 
The constitution is adapted to amateurs who have limited traveling possibilities. People 
everywhere in the world must be able to take part in all decisions; therefore all votes are 
organized by mail. Although part of the IMO members may meet and discuss proposals, 
the decisions become effective only after all voting members were consulted and had the 
possibility to cast a written vote. In this sense, IMO meetings (General Assembly, Council) 
are rather a forum for discussion. 
All members can contribute to the organization by making appropriate proposals. 

Since the constitution passed a long way through different voting documents, the final version 
was signed by 73 of the 97 founding members. The remaining 24 people probably forgot to 
return the final version leaving very few who were probably no longer interested. The names 
of the 73 final founding members will be published under the constitution. The other 24 will 
remain “ordinary” voting members. 

In the document containing the final version of the constitution, the founding members also 
confirmed the Council elections. Jurgen Rendtel was elected as the first President of the IMO, 
and the other Council members are: Peter Brown (Assistant Secretary North America), Mal- 
colm Currie (Director Telescopic Commission), Marc Gyssens (Editor W G N ) ,  Robert Hawkes 
(Scientific Advisor), Detlef Koschny (Relations Professionals- Amateurs, Organizer next I M W ) ,  
Masahiro Koseki (Assistant Treasurer Japan), Vasilii Martynenko (Cooperation of amateurs in 
the Soviet Union and IMO),  Alastair RiIcBeath (Vice-president), Duncan Ollson-Steel (Sci- 
entific Advisor), Paul Roggemans (Secretary General), Ann Schroyens (Treasurer), Christian 
Steyaert (Director Computer Commission), Gabor Sule (Cooperation Hungarian amateurs in 
IMO) ,  Alexandra Terentjeva (Scientific Advisor for visual observations j ,  Casper Ter Kuile (Co- 
operation with Dutch amateurs, computer work and photography), Glenn Ticket (Cooperation 
Belgian amateurs) and Jeff Wood (Coordination observing programs with Australian teams). 

After reading the composition of the Council, it was Marc Gyssens’ pleasure to dissolve the 
Provisional Administration since its task was finished, and to declare IMO officially founded, 
implying the organization was henceforth to be managed by the Council. Consequently, he 
handed over the chair of the meeting to Jurgen Rendtel, the newly elected President. On 
behalf of the new Council, Malcolm Currie thanked the Provisional Administration for their 
efforts. 

The President then asked the Secretary General to  present the financial report, because the 
treasures could not participate at the I M W .  A brief summary on the financial situation was 



given. Next, the 
hership paid through exchange of 17 

books, stamps, photos, coins, etc. 
the east to exchange something w i  tb shou%d. c c ~ ~ ~ t i l c ~  ?, 

from the East wantiug- 
negotiate to find a sponsoring correspondent. 

Then, the Corninis 
reviews by Maicolni rie on telescopic work, 
Wassenhove OI? ra,dio observing progran 
Steyaert on the work of the C~sirputer 
later by the comnzisaion directors themsel-ses. 

With 17 CounciX mernbers, one may .ivonder what these C o t ~ i ~ c i I  .tneml:,ers do in 
Council members axe of no IISP and t.herefore e ~ e r y  COT ciefined hisllier function. 
These descriptions will he communicated to ail Ib fG 1 forthcoming dMO docu- 
ment. 

A number of associate y- 1, 1989- .According to the constitu- 
t ion, as so ci ate sneniilser ptarice b y  the first General Assembly 
following their entmnce. This iirne, 26 new vo1,kg mea-nhers were accepted. There are now 123 

s. Ail. a,ssocia,te rr.;ernber:+ w 7 m  jo':rierl CF n4% jo in the: cirganization between July 

me i~dxr~  G I ? ~  rnr:st have a 1990 sub- 
return a signed membership application ~ Q T P ' ~ L ,  to be obtained from the 

The General Assembly also a epted to submit' for ballot the proposal to nominate Bertil 
Lindblad as  b.snora#ry member. r. Lindhlad has been woiklng iiow €or about 40 years on meteor 
astronomy and pu amateurs in his observing 
programs at Lund. ,rts to improve the contacts 
between izma,eeiirs asid profess it!lc~.it his help and support, the relationship between 
a'mateurs and prolessioizals w imve been what i t  i s  rmw. To express the grat,itu.de of 

Before closing the ing to the flour 
w.hatever they wis meteorite com- 
mission to he es on. this topic, 13s. ndreev of Tomsk State 

for the T:ir;g.uska even.t of 1908. Be proposed to send o$ficia,l let;ters on behalf of IMO to the 
UNESCO a d  to ~ijliciais in the Soviet Union. The Presii J t ,  a.g.reed on "cis proposal and will 
undertake the reqluised steps. 

Since there were no xm:e items proposed to be disciissed, +lie ii'resi .t thanked all. the partic- 
ipants for coming and closed the Fo.iin&ng Assernhly of i 

to get their IMO inem- 

directors were asked to present, their programs. The audience got 
.A4.n.d~k Iiri6fel im Fireball. data,, by Yeroen Van 

a,& on vlsrtal  work and by Christian 
tions will be published 

II I D  * ~. 

object. In order to bec.ome a.n associa 

e has often invo3 
mi makes i?, lot of 

wants to offer honorary mem ertii. Lindblad. 

&ng, the part,icipa.ts were given the opporti~nit~y to 
to discuss, Detlef Kosclri~:~ came up with. the irlea of 
d in IMO. Axel 

University (USS d for the support ('1 ti0 set i rp  an interiiat,i a1 investigation project 

. .  

4. o t  

The evening was reserved for two workshops. The first worlisliop was led by 
who discussed the program of the 0 Telescopic Conim 11. 'She discussion points were 
prepared in a paper distributed at the iision., the workshop on v i s d  
work took place: following a detailed program for the discussion. The director, Ralf Koschack, 
stressed the need for a very strict, o'bservi.Iig procediire, One hancfica,p in  the visual work of 
IMO is that not aII observers use the sa,nie radia,nt i;i€<>rii?a,t,ioli 'when they separate shower 
meteors from sporad.ic.;. This means tha,t the sporadic rates are n.ot coixparable and thus cannot 
serve for calibration. A fall report on these workshops will appea;r in the proceedings. It was 
well past midnight before everyone .went to bed, 
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1 The last day of the weekend, Sunday October 8, started a bit chaotic. Several people were 
tired from the late Saturday evening program. The previous days, the lecture program had 
been followed very strictly, so the last day the program had to be adapted quickly according to 
the speakers that were available. After the last few lectures were presented, the IMO President 
closed the meeting thanking the Hungarian organizing committee for the accommodation they 
provided and their hospitality. 

The first IMW in Eastern Europe was of great value for the cooperation between East and 
West European meteor workers. Although all European people share the same cultural and 
historic values, it has been difficult to work together for a long time. Years ago, until 1985, 
we faced the disappointments that IMW invitations did not get East European guests across 
the border. Artificial separation cannot last for ever and in 1988 it was decided to have the 
nest IMW in Hungary. This weekend was a historic one; IMO had its Founding Assembly in 
a, country where history books just started a new chapter! 

5 .  The next IMW 

The classical question at the end of each IMW is where to hold the next one! As mentioned 
earlier, it was proposed to shorten the time lapse between IMWs.  It should be every year 
instead of every one and a half years. The participants voted on this question and a majority 
was in favor of annual meetings. 

Meanwhile, we already have some news about the next weekend: 
0 Period: from Thursday evening, September 6, 1990 until Sunday noon, September 9. 
0 Place: Bruder-Klaus-Heim, D-8901 Violau (near Augsburg), in West Germany. 
0 Program: introduction of observing groups (Thursday evening), lectures on meteors and 

related fields, poster presentations, excursion to the Augsburg Planetarium (optional), 2nd 
General Assembly of IMO. 

0 Accommodation: in 4-bed rooms. 
0 Approximate price for accommodation and full board: 140,- DEM. 
0 OJSCiciaZ language: English. 
0 Correspondence address: Detlef Koschny, Ostpreussenstraoe 51, D-8000 Munchen 81, 

FRG, tel. ($49) (0)89-93 33 12. 

Program of the Visual Commission of IMO 
R alf K o s c h a ck 

Minor bodies play an important role in the insight into processes of the formation of the solar 
system. The interest in reliable data on meteor showers increases because of the increasing 
knowledge on their parent bodies. Only few professional astronomers are working in the field 
of meteor observation. Radar programs carried out by professionals do not work continuously. 
Therefore amateurs can make a valuable contribution to meteor science. Visual observations do 
not require expansive equipment. Experience and perseverance of the observer only are decisive 
for success. 

Aims of the visual commission are: 
0 coordination of visual observations all over the world; 
0 standardization of observing and analyzing techniques; 
0 utilization of observational data as closed material; and 
0 cooperation with professional meteor astronomers and other commissions of IMO. 



IVGA’, the Journal of the IMO 17:6 (1989) 205 

ility of visual observations. 
Only observations carried out 

- under favorable circunistances, 
- with defined aim, and 
- by means of a useful observing technique 

are of scientific value. For analyses, observations fedfilling pre- efined criteria are used (see 
%pecial instructions”). 

1.2. Cont inuat ion  of monitoring major  showers and c o m  arison with previous years. 
Targets are profiles of ZBR and population index. 

1.3 Sys temat ic  observation of m inor  showers. 

-- caiculation of population index, 
- check of radiant position, and 
- search for historical notices. 

1.4. Search f o r  activity of theoretical radiants of 

1.5. Elaboration of procedures jor ~ e t e r ~ a i n ~ t ~ ~ ~  ~ f ~ ~ ~ ~ ~ t ~ ~ l  number  densities, mass  distributions, 

1.6. Sys temat ic  distribution of observations t h r Q u ~ ~ o u t  the 

arth crossing asteroids and comets. 

and flux densities f r o m  wisuaJ observations bused o n  IMCa s tardmds .  

There is a lack of winter and spring observations now. 
portant for training of the observers and to guarantee the reliability of their observations. 

servations are al.so im- 

1.7 The “Observers’ Notes” in N ~ i g ~ l i ~ h t  the showers t o  be obserwed preferably. 

2.1.. General instructions.  
- All observations have to be based on the 

Handbook”. 
- Analysis are carried out by means of tile L 
- Observing conditi0n.s should be a5 foZio~s: 

- limiting magnitude better than 5 . 5 ;  
- cloudiness less than 10% during the whole observing interval; and 
- radiant altitude higher than 20’ d u r i ~ g  the entire 

n observation should be continued for at least 1.5 hours. 

standard presented in the “Visual 

serving interval. 
bservations with T,ff 2 3 

have to be divided into intervals of 1.5 to 2.5 hours each. For choosing the interval 
limits, the observing conditions should be considered, e.g. the Perseid radiant reaches 
20” altitude at 21h UT and therefore the preceding intervals are not valuable for 
Perseid analysis. 

- The total correction factor for a shower under study should not be greater than 2. 
- The center of the field of view has to be reported for the middle of every interval (in 

right ascension and declination) with an accuracy of 10’. 
- The radiant 

- One must distinguish between 

osition and size are used for :;S-iower association which has to be re- 
port ed. 

- shower was analyzed, but no meteors were seen ( N  = 0);  and 
- shower was not analyzed ( N  = />. 
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- The observing technique has to be reported: 
- all meteors plotted: P;  
- all meteors counted only: C; 
- all possible members of stated showers plotted, others counted: C / P ;  
- coordinates of meteors estimated directly: R. 

2.2 Observations of major showers (present ZHR larger than 10). 
- All meteors should be counted only. 
- Around the time of maximum, observations should be divided into lh intervals. 
- In order to estimate activity around the time of maximum, observations should also 

be carried out if observing conditions are not as favorable as requested in 2.1. 

2.3 Observations of minor showers (present ZHR smaller than 10). 
- A reduced working list including only showers with significant activity and certain 

- Special minor showers are highlighted in WGN’s “Observers’ Notes”. 
- The center of the observing field should be located not more than 40’ away from the 

radiant studied. If there are more radiants within a small area one should observe in 
a field nearer to the radiants. 

- If no more than 20 meteors per hour are visible, it is recommended to plot all meteors 
or determine their coordinates, otherwise all possible members of the shower studied 
should be plotted. 

radiant position will be published and brought up to date from time to  time. 

- For plottings, the gnomonic Atlas Brno is recommended (suitable scale). 
- Shower association should be carried out by means of direction of path, angular ve- 

- An analysis of the shower (activity profile, population index) is possible if the ZHR 

- Radiants at more than 40’ from the field’s center should not be analyzed ( N  = /) in 

locity, and apparent trail length at the desk after the observation. 

is at  least 2 or 3. 

the report form). 

2.4 Search f o r  activity of theoretical radiants of Earth crossing asteroids and comets. 
- Special theoretical radiants are highlighted in WGN’s “Observers’ Notes”. 
- The distances between calculated radiant and the center of observing field should not 

exceed 20’. 
- All meteors should be plotted, at  least all meteors possibly radiating from an area of 

about 20’ around the calculated radiant position. The coordinates (begin and end) 
of these meteors should be reported. 

- Radiant analysis is carried out by means of all observations (telescopic, photographic, 
video and visual). 

- Determinated radiant positions will be published. 
- Shower associations can be carried out by the observers using the position found (for 

activity determination). 

2.5 Control of the quality of observations. 
An IMO Council member commissioned by the Council and the Director of the Visual 
Commission should be permitted to check the original data by a random test of original 
notes from several observers. Notes will be checked by both independently. This will also 
help unexperienced observers who do not observe in a group with experienced observers 
to know their possible errors and to get advice to improve their observations. Observers 
are not obliged to accept this check. 
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that the situa 

(some computers rely 
ly 317, it). Only four persons have a modem, and two o 

ttsy. In tEse East- lock countries for instance, there would be an interest in modems, but 
restrictieiis on the use are enormous. 
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~f "Ute earlier ~nachines, only an ele C is available, whilest the more recent releases 
niter ~ n u c h  the same possibilities of a structured language like Pascal. Amongst the mini-users, 

ASIC (16) are the clear winners. 

a, tradernark of Ashton-Tate. 

The nvrnbers between rackets are the numbers of answers. 
of Lotus Development Corporation. 
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I Fortran (6) is much used, while four people indicate they also use 6.  Three IMO members use 
an even higher level language. 
For file management, dBASE IIIlFoxbase (13) is well established. The Lotus spreadsheet (6) 
is used for graphing and some other analysis. Although not asked explicitly, several persons 
indicated their favorable word processor: Wordperfect ( 3 ) ,  (2) and MS-Word. A couple 
of other packages are used for statistical analysis or symbolic analysis. 
More important is which direction the Computer Commission should take, realizing that not 
everything can be done, and priorities and choices will have to be made. The votes for the 
priorities are: (the average is obtained by assigning -1 to Low, 0 to Medium and $1 to High). 

standardizing file layouts: L: 2 M: 9 H: 15 Avg.: $0.5 
ready-to-use programs: L: 3 M: 8 H: 16 Avg.: $0.5 
source programs and toolkits: L: 3 M: 12 H: 12 Avg.: +0.3 
mathematical methods: L: 1 M: 8 H: 17 Avg.: +0.6 
data communication (modem): L: 4 M: 15 H: 5 Avg.: +O.O 
advising soft- and hardware: L: 11 M: 9 H: 4 Avg.: -0.3 

Highest priority is given to mathematical methods in meteor-astronomy. This critical attitude 
towards observational results and how to interpret these proves that people with a solid scientific 
background get involved in IMO and the fuzzy field of meteors. File layout standardization 
is a must for distributed entry and analysis of results. File layouts and masterfiles should be 
available to all interested parties for an efficient cooperation. There is a vast amount of ready- 
to-use (astronomical) programs available-both commercially and in free domain. IMO can be 
seen as a kind of quality control before passing on existing programs, or, of course, can develop 
itself specific programs. Most people like to program themselves too, hence want also to have the 
source programs. Several software modules are standard and can be re-used as a toolkit. Data 
communication is not that widespread yet-but is certainly a field on the move-up. Finally, 
most people believe that IMO cannot play a big role in soft- or hardware selection, whose 
availability is dictated by the market and furthermore hard to follow. Computer magazines 
and local contacts fulfil already this role. 
Based on all this and individual requests, the following action plan, effective immediately, is 
developed: 

0 the photographic astrometric method used for the PMDB so far will be translated in 
English, and the corresponding program and star catalogue will be made available as 
an add-on diskette to the publication. (Christian Steyaert (B) and Reiner Arlt (DDR), 
@-users Trond Erik Hillestad (DK) and Tamas Zalazak (H)); 

0 the forward scatter ephemeris program for radio observers will be expanded (Christian 
Steyaert, Jeroen Van Wassenhove, Dirk Artoos (B)); 

0 a toolbox with the classical astronomical calculations (date, solar longitude, planetary 
orbits, . . .) will be built gradually; and 

0 an effort will be made to attract more co-workers to make existing programs available in 
other languages and for other hardware. 

The Floppy Almanac 
Christian Steyaert 

Although most of us can perform astronomical calculations on a calculator or a personal com- 
puter, there is a demand for ready to use and proven programs. In that respect, the comput- 
erized version of the Nautical Almanac, the Floppy  A l m a n a c ,  is a great initiative and is also of 
use for meteor workers. 
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The Floppy Almanac is available on 5:” or 3;’’ diskette for 
RX50 disk for VAX and MicroVAX and on 9-track 1600 bpi tape V 
43xx, 30xx. The PC version will recognize automatically a math coprocessor 
The system is menu driven. The observer’s position and some other parameters are stored :I 
an initial values file which can be changed any time. One can calculate: 

- sidereal time, 
- physical ephemeris of the planets, 
- positions of planets, stars, 
- navigational information, 
- rise and set times of stars, planets, and 
- daily configuration. 

The latter option is interesting in planning meteor observing campaigns, as it 
set of the Sun and Moon. Also important is that the output can be redirect 
allowing further processing or graphical presentation by other software. The Floppy Almanac 
has a standard 200-star catalogue. It can easily be replaced by another one: for our rase e.g.> 
by a radiant catalogue. 

The current version of the Floppy Almanac is valid for just one year, with s01-e overlap i:l 
the previous and next year. Currently, the USNO is working on the Interactive Computer 
Ephemeris (ICE), which is valid from 1801 to 2049! The Floppy Almanac can be obtained at: 

Nautical A lmanac  Ofice,  Code FA, U.S. Naval Observatory, Washington, DC 20592, USA. 

The Floppy Almanac costs 20 USD for the first disk, and 10 USD for each additional disk 
(payment by check only). The Floppy Almanac is not public domain nor shareware. 

New Earth- razing Asteroids 
Chris Steyaert 

Information is provided on recently discovered asteroids and comets whose closest distance to the Earth‘s c 3 1 

is less than 0.1 AU and on the meteor activity they might produce. The present article covers asteroids :EQq 
UP,  1989 UQ, 1989 UR and 1989 VB. 

In the future, we will regularly provide information about recently discovered Earth-Grax:iig 
Asteroids or comets, whose shortest distance to the Earth’s orbit is less than 0.1 APT. PossiLlt: 
shower activity can be associated with these objects. Activity can be very sharp or J-~CY- 

existent. 

1989 UP was discovered by D.L. Rabinowitz and J.V. Scotti, University of Arizona. Orbk.ii 
elements from 12 observations, Oct 27- Nov 2 were given in IAU Circular 4894, 1989 Novemb :Y 

3, by Daniel W.E. Green (Eq. 1950.0): 

T = 1989 NOV 26.210 ET 
e =0.47553 
4 =0.98235 AU 
a = 1.87303 AU 

w = 170150 
R = 520852 
i =30870 
P = 2.48 years 

We found a closest approach to the Earth’s orbit on Nov 18.9 at (A, = 23509) at a distalice 
of 0.0052 AU, i.e. only 770000 km! Possible associated meteors would have the low spesd 
V, = 13.1 km/s, and a radiant with Q = 358’ and S = -23’. 

1989 UQ was discovered by C. Pollas, Observatoire de la C6te d’Azur. Orbital elements I--;- 
B.G. Marsden, Center for Astrophysics are (IAU Circular 4897, 1989 November 5, Eq. 1950.0). 
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T = 1990 Mar 8.656 ET 
e =0.26643 
4 ~ 0 . 6 7 1 3 4  AU 
u =0.91518 AU 

w = 140891 
0 = 1780086 
i =lo288 
P= 0.88 years 

In this case, there are two close approaches to the Earth's orbit. One is on Dec 4.7 (A, = 25109) 
and the other on Aug 13.6 (A, = 14003). The possible meteor shower characteristics are 
respectively: 

V, = 13.5 km/s a = 90' S = $24' d =  0.021 AU 
bi, = 13.5 km/s a = 125' S = $23' d = 0.014 AU 

J. Mueller and D. Mendenhall reported their discovery of a fast-moving asteroidal object, 1989 
UR. Preliminary orbital elements by B.G. Marsden are (IAU Circular 4891, 1989 November 2, 
Eq. 1950.0): 

T = 1990 Feb 11.702 ET 
e =0.36509 
4 =0.68748 AU 
a = 1.08281 AU 

w = 2890905 
R = 2330769 
i =lo0652 
P =  1.13 years 

There are again two approaches to the Earth's orbit, respectively on November 26.6 (A, = 
24307) and June 11.1 (A, = 7906): 

V, = 16.5 km/s a = 68' S = $46' cl = 0.035 AU 
V, = 16.4 km/s a = 80' S = -06' d = 0.090 AU 

Finally, 1989 VB was discovered independently by Q.A. Parker and by C.S. Shoemaker, E.M. 
Shoemaker and D. Levy. Orbital elements by B.G. Marsden, Center for Astrophysics, from 12 
observations Nov 1-5 (IAU Circular 4901, 1989 November 7): 

T = 1989 Oct 8.226 ET 
e =0.45660 
q =1.00519 AU 
a = 1.84983 AU 

w = 3290526 
R = 380390 
i =20118 
P =  2.52 years 

The closest approach to the Earth's orbit is on October 9.9 ( A  = 19600) with d = 0.017 AU, 
V .  = 12.9 km/s, ct = 268' and S = -34'. 

Visual Observers' Notes : 
Jeuff Wood 

January and February 1990 

Although early January begins with the major shower, the Quadrantids, this period has been 
characterized as one with low rates and so must therefore hold little interest to the meteor 
observer. This attitude however, is based on a misconception. Even though rates may be 
low, there is still much to see as southern hemisphere observers and those in the northern 
hemisphere who have braved the winter weather, have discovered. Table 1 below lists ten of 
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the more important showers that occur during January and February. 

Table 1 - A list of some of the meteor showers to be seen in January- 
February 1990. 

Table 2 shows moonlight and observing conditions. 

Table 2 - Moonlight and observing conditions in January-February 1990. 

Friday December 29 

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

December 28, January 26, Februay 25 
January 4,  Febuary 2, March 4 
January 11, Februay 9, March 11 
December 19, January 18, February 17 

The illuminated part of the Moon is always given for O h  UT  on the date indicated. The dates 
of the phases of the Moon are also given in UT. 

1. Quadrantids 
The Quadrantids are only observable from the northern hemisphere. There, during the last few 
hours before sunrise on the morning of Jan 3-4, rates more than 30 meteors per hour can be 
recorded under good sky conditions. When we consider that the radiant altitude is still fairly 
low at this time, the corrected rates give a ZHR comparable to that of the 7-Aquarids, Perseids 
and Geminids thus making the Quadrantids a truly major shower. 
The Quadrantid radiant is situated in the northeast corner of the constellation of Bootes which 
used to be known as the constellation Quadrans Muralis from which the shower’s name derives. 
Quadrantid meteors are very brilliant and many produce trains. Frequent poor weather has 
meant that data on this shower is comparatively scarce. Thus with favorable Moon conditions, 
observers are encouraged to brave the cold of winter and observe this shower in 1990. 

2. Minor showers 
The y-Velids are a southern hemisphere stream observable through the first half of January 
that reaches a broad maximum of 5 to 9 meteors per hour from January 6 to 9. The y-Velids 
are medium speed meteors and are mostly blue, yellow and white in color, Few y-Velid meteors 
leave a train but those that do leave one that is often persistent. The y-Velids will experience 
considerable interference from the Moon in 1990. 
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The a-Crucids 7767ere first observed in the 19 . McIntosh and C. Hoffmeister 
respectively. Despite being recorded so ago, very little systematic study was done on it 
until the past decade. Skdies indicate t e stream is active from January 6 to 28 and has 
several maxima that cbcccr between January 12 and 20. Ra are generally of the order of 2 
to 5 meteors per hour, and can vary horn year to year. In i much of the a-Crucids period 
of activity will be affected by the Moon. 

The S-Cancrids produce only one or two meteors per hour at maximum and will disappoint 
viewers in 1990 by the heavy interference with the Moon. 

The a-Carinids are a virtually unknown southern hemisphere stream. They are active from 
January 24 to February 9 reaching a sharp maximum of between 5 and 10 meteors per hour on 
February 1. Observations LO date seem to indicate that this stream is quite variable in activity 
and so more research is izrgently needed into this matter, 1990 promises to be a good time 
to view the a-Carinids wirh very little interference from the Moon. The a-Carinid radiant 
is situated near Canopus and Is best observed in early evening hours. a-Carinid meteors are 
generally siow in speed a d  have a y e i ~ ~ w ~ Q ~ a n ~ e  hue. 

With the Full Moon on February 1 
affected. However, since they bo 
possibility of enhanced display, thes 
Centaurids both produce fast bright 

The S-Leonids are a minor shower th  g February and March each year. Although 
Cook lists the 6-Leonic-Z~ to reach maximum on February 26, it appears that it more likely 
should be February 22. The &%eonids are a, fairly weak stream with rates generally about 1 to 
2 meteors per hour at  best. They are charxterized by their slow speeds. With favorable Moon 
conditions, the S-Leonids should be targeted by observers in 199 

The 0-Centaurids are a so hern hemisphere m very similar to the Taurids in terms of 
its duration and activity, owever, this is w the similarity ends with the 8-Centaurids 
possessing a much faster s p e d  arid having (P ondensed center of radiation. The 8- 
Centaurids can be seen from from January 23 12 and appear to have several maxima 
in early, mid and late akes appear to be in the range of 4 to 7 meteors per 
hour. An unusual cb ntaurids are the number of meteors of magnitude 
-4 or brighter and the persistent -Centaurid meteor seen in 1981 was 
magnitude -16 at its brightest an that lasted for some 32 minutes. 

The q-Virgznids are one of the major co nents of the Virginid complex of radiants to be 
Seen from February to April Virginids appear to have several maxima, one of 
which occurs towards the e67n I 7-Virginid activity like the other components of the 
Virginid complex is very low usually being 1 meteor or less per hour. On very rare occasions, it 
has been known to reach 3 meteors per hour, but this is the best that can be expected. Because 
of their long period of activity, the observer is urged to watch at  least some of this time. 

both the a-Centaurids and the o-Centaurids are heavily 
ny bright meteors and also that there is a 

e monitored in 1990. The a- and o- 
ny of them leave a train. 

Results 
Dirk Artoos 

In earlier issues, the present acthor drew the attention of the international meteor community to possible 
eiihaiiced (radio) meteor activity on certain dates. Here, the author discusses some preliminary results. 

In connection with the ca? 
theoretical maximum from 

etcalf [I] I received a visual report of the 
USA). Unfortunately, he saw no enhanced 

+-t 
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activity. The meteor section of the Public Observatory Urania , Belgium) made radio 
observations. They too observed nothing special, but were plag y Sporadic E. I myself 
observed between September 4 and 12, always from 23h45m to Oh2Orn UT,  and on the day of 
the theoretical maximum (September 8) had to deal with Sporadic E as well. 

Table 1 - Numbers of reflections obtained by Dirk Artoos from 23h45m to  Oh20m UT.  

The night of September 9-10, though, there was a higher number of reflections, but I refuse to 
draw any definitive conclusions. 
Here follow my observations in connection with a suspected ra iant near Orion-Gemini [2]. It 
seems a success; take a look at the results: 

Table 2 - Numbers of reflections obtained by Dirk Artoos from 8h30m to gh1Orn 
UT.  

I always observed from 8h30m to gh20rn UT. Please note that the increase in number of re- 
flections on September 16 may not be confirmed by visual observers because most of them 
were very short (and therefore very weak) meteors. I’ await further news from visual as well as 
telescopic observers. 
A third call [3] related to  a possible Sextantid shower on September 27. I can only say that 
the very positive results gathered on September 28, 1988 [4] were confirmed this year around 
September 28. 

Table 3 - Numbers of reflections obtained by Dirk Artoos wing  half an hour of 
observing. 

With a mean background activity of 67 reflections per half hour, one can clearly notice a sudden 
increase on September 27, continuing this trend up  to September 30. The question which does 
arise is whether the first peak belongs to the 6-Aurigid stream, producing a secondary peak on 
September 30, or whether they are really caused by the Sextantids. 

References 

[l] 
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[ 3 ]  
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D. Artoos, “September 8 and P/Brorsen-Metcalf”, 
D. Artoos, “A Call for Action: September 16”, WGN 17:4, August 1989, pp. 120-121. 
D.  Artoos, 6‘Enhanced Activity around September 27-30?”, WGN 17:4, August 1989, 
p. 121. 
D. Artoos, “The 1988 Sextantids”, WGN 17:2, April 1989, pp. 49-50. 

GN 17:4, August 1989, p. 120. 
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Enhanced meteor activity around January 21-22 was re orted by several observers. 

1. Observatio 
Several radio observers Iistene 

morning of January 22, 
observed on 66.43 Ml’iz a 
Icristensen listened 03 PO 

during the second part of January 1989. TWQ of them, Dirk 

f both persons are shown below. Dirk Artoos 
O (South=OO) and an elevation of 40’; Gotfred 
t h  of Qo and an elevation of 35’. 

Artoos (B) and reported an increase of meteor activity in the 

Figure I - Radio sbservaf ;xs  by Dirk Artoos in January 1989 Iletween 3h45m and 4h15m U T  

a,dio obsesia+~ons of Gotfred Mdbjerg Kristensen (GMK) and Knud Bach Kris- 
tenssn (KEKj in January 1989 

I 
e r k d  (U7j 1 18 19 20 21 22 23 24 25 26 27 Average 

50 9 12 16 6 16 16 .6h13.9  
+- I___ __I__- 

@Om -7“cot” I 9 15 
1 

20.9 f 11.3 
16.0 f 7.6 
13.8 rt 3.8 
11.7f 6.5 

I k i d  Bach Kristenson ( K) 
azimuth of 191’ and a,n 

lis-tenecl in the secoiid half of January on 144.456 MHz at an 
evatio_n_ of 18’. is observations are also presented above. 

2. Discussio 
As one can notice, two observers ( irk Artoos and Gotfrred Kristensen) have an increase of 
meteor activity in the morning of Janiiary 22. One observer, I h u d  Bach Kristenson, did not 
report anything significmt. W‘hy did he not observe this increased activity while the others did? 
The three observers all used a, difierent frequency. As each frequency has its own FM station(s), 
each antenna is pointed in another direction. This implies that the observing circumstances 
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(position “supposed radiant”-antenna direction) were differen o it is most likely that Knud 
Rach I<ristensore c o d 3  not observe this increase clrie to bad o ving circumstances. 

Now the final quesiion rises. TVbat was the cauee of this su increase of meteor activity? 
Some literature [i,3,$] was consu’lted, but no association with a k n o ~ n  meteor shower could be 
found. 

. Conclusia 

The increased meteor activity in the morning of January 22. 1989 canraot be associated with 
a known meteor sho\ver yet. Further investigstioils art2 fiat ure observations will provide an 
answer, whether this increase is caused by an unknown anet,eor shower or by fluctuation of the 
sporadic background ~ 

References 

[ 13 A.F. Cook, “A. working list of meteor streams”, Srnii;hsonian Astrophysical Observatory, 

r science and engineering”. 
eteor astronomy”. 

c all 

The author discusses t8be possibility for enhanced meteor activity arouild Jarrmry 2 1-22 

I would like to  call your a,ttention to a, possible ii:.crea,se of act’ivity around January 21 and 
22, 1990. On the same dates in 1989 there existed a x  vnexplainabZy Ligh acti-c.4ty at  3 h UT 
(A, = 301?53> [1]. Considering the suspected mdiantsl 

a- leonids  6 = -+w 
Canes Venaticids s = +103 
Association 60 (twin shower) a = 144’ 6 = 4-10’ 

one would think i t  best to  observe between 3h and 4“ UT. yet considerkg the observed 1989 
inaxinnurn (at, September 22, 3h UT or Xa := 301?53), I mwuld suggest 9‘20” UT for 1990. The 
visual observer should pay special attention to Leo and Canes Venaii.ci, in 3989, 95 very short 
reflections (very weak visual meteors) were observ.ekk. Perhaps the  telescopic observers should 
carefully screen “cis region as wdi.  
In conclusion, I would like to take the opportunity to  stress th.at only consequent and regular 
observing leads to interesting results. Please do obse e on a regular basis. not exclusively 
during periods of high and well-known activity; these rio& remain important, but on the 
other hand loads of information get lost in the so-csli dent  periods. To m e  it would mean 
positive confirmation of my observations, where otherwise I svou!d stand isolated and find it. 
more and more difficult to defend my data scie ficallgi. I .vvish to thank the obsers-ers who 
have supported me an4 sent me their findirigs chard Taibi. Urania meteor section). I do 
intend t.o continue in this way and will try to re rly activat,e observers so that progress can 
be made in a scientific and dyrLamic ~7ay. 

[l] J. Van VVassenhove, “Unusual Meteor Activity in J a n u a q  1989” 
1989, pp. 186-187, 

-- 
I The third one is from P.B. Babadzhanov, Insti tute of Astrophysics; Dushanbe: USSR. 
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a 

A short report of othe:. transient phenomena of the atmosphere, which are sometimes mistaken for meteoritic 
fireballs, is presented 

High above our heads, in a very different type of orbit from the solar orbits of meteoroids, 
are thousands of satellites, parts of booster rockets. at least one astronaut’s glove, and other 
assorted junk. Chances are that you will see one of these re-enter and burn up in the atmosphere. 
These are not so d i f icd t  to differentiate from a typical meteoritic fireball as they have a slower 
speed compared to a nattiral meteor, last a lot longer, and often can be seen to fluctuate in 
brightness during break-up. Also, unlike a fireball or meteor, they seem to last forever as they 
travel slowly across the sky. Some paths can exceed 90’ and last up to 30 seconds [1]-far 
longer than the typical 3 to ’7 seconds of a fireball. 
Even though these are not true Rreballs-fill out the Fireball Report Form anyway, noting your 
observation as a suspected satellite re-entry. There are those interested in obtaining satellite 
re-entry debris for study. 
Occasionally there have been reports of other “balls of fire” which have been mistaken for mete- 
oritic fireballs. Such a transient event is called KugeIbZitz (“ball lightning”). This phenomenon 
was once discounted as a genuine electrical effect, but is now generally accepted as a real (albeit 
transient) physical event of the atmosphere 121. The average life-time of this phenomenon has 
been reported to be about six seconds and the median size is about 0.35 m [3]. 
Not to be conhssd with Kugelblitz is a similar atmospheric phenomenon known as St. Elmo’s 
Fire [2]-a glowlng luminescence hovering above a metallic conductor. Usually it is observed 
on the masts and yardarms of vessels at  sea. In configuration it usually occurs as a violet or 
faint blue colored, oval or bali-shaped glow, 0.1 to 0.4 m in diameter [2]. The difference between 
Kugelblitz and S t .  Elmo’s Fire is that the latter usually remains near to a conductor of some 
sort. 

Unlike a satellite re-entry or that of meteoritic fireball, the other two phenomena are also very 
!ocalized, If only one or two observers, in very close proximity, report either Kugelblitz or 
St.  Elmo9s Fire, as a fireball, we should adopt either hypothesis as an explanation for that 
particular fireball phenomenon. 

~_ 

e fe r e n c e s 

Levy and S.J. Edherg, in Obsei-ue Meteors, Astronomical League, Washington DC, 
1986, p. 25. 

stron. SOC. C m .  ’74, 1980, pp. 168-172. 
SA Technical M o t e  TN-D-3188, 1986. 

We are looking for meteor workers that have slides on their activities. It would be a nice 
thing if we would be  abie to compose a series of slides showing what meteor work is all about. 
Interested people who hav-e appropriate material should contact Paul Roggemans (address on 
inside of back cover). 

Also, people having made good meteor hotograplis can send them to WGN.  If you are lucky, 
your photograph will be used for the front cover! 
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e 5 

Marc  Gyssens 

The  contribution of the sporadic background to visual meteor stream counts is calculated fro;ui a probabilimc 
viewpoint. It is found that the ZHR of a stream is augmented by about 0.5-1. As a consequence, minor showers 
with typical ZHRs not exceeding 3 cannot be studied by means of single station visual ~bsert~iztions. The saiix\ 
conclusion holds for larger showers a t  the very beginning and the very end of there activity period. 

1. Introduction 

For over a ceIitury already, minor showers have been a controversial issue in meteor as t ronoq 
In 1899, W.F. Denning [l] compiled a radiant catalogue containing over a thousand entrie< 
Although it  is generally accepted that most of his showers are probably spurious, and althorigi- 
more cautious authors, such as Cook [2] have cornpiled more reliable catalogues since thee, 
many amateurs still use catalogues based on Denning’s (e.g. [ 3 ] ) .  

The catalogue of Denning and its offsprings have been based mainly on one station visual work 
During an average night, about 20 of Denning’s radiants are supposed to be active. Vnder t h e  
circumstances, almost every meteor seen lines up with at least one of these radiants, and man\  
of them even with two or three! Obviously, there are limitations to what showers can still L c  
detected and studied meaningfully by one station visual observations. It is the purpose of tlir , 
article to  calculate probabilisticly to what extent the sporadic background contributes to visua; 
meteor stream counts. 

2. Some iiotioiis of non-discrete 
In this section, we review some basic notions of general non-discrete probability theory as IT- 

assume many readers are not familiar with this area. In order to be able to apply probabilitq 
at all, we need to specify the “observation” or the “esperiimerit” we wish to study. For the salv 
of having an example, suppose we want to measure the length of some object. Next. we have t 6 

specify the sample space U, representing all possible resd ts  of our observation or experimeni, 
In our example, we could use for U the set of all real numbers. 

To each in M. we then associate 
fIx density e c2se of a “fair” measrir:. 

nient, this densi ty  func tzon  usua;ly is a Gau 
sian 01 normal curve (see Figure 1). The poss 
ble results, i.e. the elements of the sample SIXC 3 

IA. do also represent the szmple or ntomae eve 
of the observation or experiment. In our exaix 
ple, given a real number IC. the correspoiidiii<, 
simple event is: “the measuremelit equals 2 .  

In a non-discrete sample space, the probabilitj 
for a simple event to occur is most often zeio 
Indeed, it is most unlikely that,  for instance tl-i 

result of a measurement, would ezactly equal some preset real number (e.g. &) in all its (in 
finite number of) decimals. We are rather interested in the probability for a compound evenr 
such as: “the measurement will return a value between 1.4 and l.j.9’. To such a compount/ 
event, one can associate a subset V of the sample space U. In the case of our example. this i. 
the interval V = [1.4; 1.51. TO obtain the probability of a compound event, we need to calculate 
the integral Jv fdV.  In our example, the probability for the measurement to yield a value 
between 1.4 and 1.5 equals Jl.i f d V .  Since a probability of 1 is associated to a certain event 
it folloivs that the density function f must satisfy the condition Ju f d V  = 1. For instance, any 

4T 
Figure 1 - Density function of a Gaussian or norinal 

distribution 

1 5  
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Gaussian function f satisfies s-’,” f ( z ) d z  = 1. 

The intuitive meaning of the density function f ( P )  is that the probability for the result to be 
around Y, is proportional to f ( P ) l  We invite the reader to convince himself of the truth of this 
conjecture by looking back to Figure 1. 

Before ending this mathematical digression, we want to point out that choosing an appropriate 
sample space and a corresponding density function always yields a certain “idealization” of 
the experiment. In our earlier example, for instance, only reals with a fixed maximal number 
of decimal can occur as a result, due to the limited accuracy of the measuring equipment. 
Furthermore, a normal curve extends from --oo to $00, whereas obviously only nonnegative 
results can occur. However, the “errors” introduced by such “idealizations” do not outweigh 
the advantage of having a simple framework in which calculations are feasible. 

3. A probabilistic model for meteor trail directions 
In this section, we are interested in the direction a 
sporadic meteor trail has in the sky, which is de- 
termined by the great circle along which the meteor 
moves and its sense, rather than the physical direc- 
tion of the meteor path in space, which is determined 
by the radiant position. 

We are now going to construct a probabilistic model 
for the following observation: “give the direction ( i . e .  
great circle and sense) in which the next sporadic 
meteor will move. ” Quite conveniently, we choose 
as the sample space for this observation the celes- 
tial sphere, which we can, without loss of generality, 
assume to have unit radius. Thereto, we associate 
a point to each directed great circle on the celestial 

sphere, namely its %01th9’ pole (“north” being defined as the direction from which the orien- 
tation of the great circle looks clockwise). See also Figure 2. 

In order to determine the density function, we as- 
sume that the spatial distribution of the directions 
of sporadic meteor paths is uniform. Neglecting at- 
mospheric influences, we may thus say that the “fre- 
quency” of a point on the celestial sphere as a radiant 
position of a sporadic meteor seen b y  the observer is 
proportional to cos 2, 2 being the zenith distance of 
that point. 

We are now going to compute the contribution to the 
sporadic background of all meteors moving in the sky 
along a directed great circle making an angle y with 
the horizon. If a meteor moves along such a great 
circle, its radiant is of course also on that great cir- 
cle. Therefore, assuming that from each radiant point 
meteors are likely to radiate away uniformly in all ce- 
lestial directions, the contribution of the entire great 
circle to the sporadic background is proportional to 
the sum of the contributions of all the radiant points 
on i t ,  which is thus proportional to J: cos Zda,  ex- 

Figure 2 - The sample space 

Figure 3 -The contribution to the sporadic 
background of the meteors moving 
along a directed great circle mak- 
ing an with the horizon. 

’ Note tha t  this somewhat vague statement can be made very precise. Such a formalization, however, goes 
well beyond the scope of this paper. 
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ow, in the rectangular spheric triangle F R X  we have 
n a sin y. Hence J: cos Zda oc sin 7. 
w consider a point P on the celestial sphere with zenith 

nce 2 as a point of the sample space (Figure 4). Such 
a point represents a directed great circle making an angle 
7 = 2 with the horizon. Since the number of meteors 
moving along such a great circle is proportional to siny = 
sin 2, we have to associate to P a density f ( P )  = C sin 2, 
with C a constant. C is determined by the condition that 
over the entire celcstial sphere C, 

sin(7r/2 - Z )  = sin a sin y,  or, 

Figure 4-The calculation Of the den- or, using horizon coordinates Z (zenith distance) and A 
(azimuth): sity function. 

A A 

1 = J’” J f(2, A )  sin ZdZdA = 27rC 1 sin2 ZdZ = r2C 
A=O Z s O  

yielding C = 1/7r2. The desired density function is thus: 

4. Pollution of stream counts by the sporadic background 
We will now calculate the ution of the sporadic 
background to a meteor str I: the time being, we 
assume the observer is watc ream with radiant R 
in his zenith. We assume that the “effective” diameter of 
the radiant is d. By “effective diameter”, we mean that 
the observer will classify a meteor as a stream member if 
i ts  backward prolongation passes t radiant by a distance 
of at most d. 
In order to estimate the probability that the backward pro- 
longation of the meteor intersects the radiant area, we first 
calculate the probability that the great circle, along which 
the meteor moves, intersects the radiant area and divide 
the result by two. Indeed, for eac r having its be- 

the radiant area moving away fro adiant, another 

For cl small, a vast majority of meteors moving along a 
great circle intersecting the radiant area, do not cross that 
area. Half of these meteors can be classified as belonging to 
the stream. A small number of meteors crossing the radiant 
area cannot be classified to the stream, no matter in which 
direction they move (Figure 6,  left). For d not too small, 
their influence. however is somewhat compensated for by 
near-point meteors entirely within the radiant area (Figure 

6, right). For these reasons, we may safely assume that our 5O%-assumption is reasonable for 
values of d that are neither too small nor too large. 

Figure 5 - A  radiant in the zenith. 

ginning and ending point out 
meteor can be associated moving towards the radiant, by simply reversing the order. 

pigure 6 -Meteors intersecting tile ra- 
dian t area. 
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We are first going to make a rough estimate of the proba- 
bility that the backward prolongation of a sporadic meteor 
intersects the radiant. Therefore, imagine the entire visible 
part of the observer’s meridian to be covered with “touch- 
ing” radiants, as in Figure 6. Then each meteor will move 
along a great circle intersecting at least one of these radi- 
ants. Assuming that each radiant point contributes equally 
to what the observer sees (which is not true) and that no 
meteor moves along a great circle intersecting two or more 
radiants (which is not true either), we can roughly esti- 

Figure 7 -A rough estimate. mate the probability that such a great circle intersects the 
radiant in the zenith at d/180°, or, according to the as- 

sumption made above, the probability that a meteor is classified as belonging to that stream, 
at d/360°.  d 

bc 

Let us now refine the calculation. First, we calculate the 
probability that a meteor moves along a great circle inter- 
secting the radiant area (in either of both directions). This 
compound event corresponds in the sample space to a belt 
B with diameter d ,  centered around the horizon, as can be 
seen in Figure 8. The probability of this event can now be 
computed as (all angles in rad): 

f( 2, A)  sin ZdZdA 

Figure 8 -The set of point in the sam- 
ple space corresponding to 

= 2n- sin2 ZdZ 

sporadic meteors moving a- d 2  d d  + - CQS - sin - bllg great circles intersect- - 
n n  2 2  

- _  
ing the radiant area. 

Notice that the result equals 0 for d = 0 and 1 for d = T, 
as should be the case. Assuming that half of the meteors included in the above calculation 
move in the right direction for being classified as a member of the stream under consideration, 
we obtain a final probability of 

d l d d  
- + - cos - sin - 
2 n n  2 2  

Since d is small, we can put cos(d/2) M 1 and sin(d/2) M d / 2  rad, yielding a value of d/n, or, 
in degrees, d/180°,  twice the value of our earlier rough estimate. 

5.  The case of an arbitrary radiant 

We are now considering a radiant with a zenith distance E (see Figure 9). In order to calculate 
the probability that a meteor moves along a great circle intersecting the radiant area, we still 
have to calculate: 

(1) 

In order to be able to describe B properly, we use coordinates A (radiant dist’ance and a,  as 
shown in Figure 9. 
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Figure 9 - The case of an arbitrary radiant 

Then (1) can be rewritten as (all angles in rad): 

, a )  sin AdAda (2) 

Contrary to the previous case, f in (2) explicitly de- 
pends on both A and a. In order to keep the cal- 
culation tractable, we are going to replace f (A, a )  in 
(2) by f (7 r /2 ,a ) ,  which is a good approximation for 
small values of d. (2)  can then be simplified to: 

which equals: 

(3) 

If Z is the zenith distance corresponding to coordinates (O,a), we have in the rectangular 
splieric triangle F P X :  sin(n/2 - 2) = sin E sin a ,  or, cos Z = sin E sin a,  whence: 

7r 1 
7i2 

f ( 5 ,  a )  = - sin Z 

Substitution of (4) in (3) yields: 

2 1 - sin2 E sin ada 

sin2 E sin2 ctda ( 5 )  

The htegral in (5) is a so-called elliptic integral'. The result of an elliptic integral cannot be 
;:7rit:en zs a closed expression, but it can be developed in a power series: 

Heace the right-hand side of (5) can be rewritten as: 

111 order to calculate the desired probability we have to divide (6) by a factor 2 to account for 
the meteor direction. For d small, and switching to degrees, this finally yields: 

The probability is expressed as a fraction of d/180°.  In Table 1, below, we calculated these 
fractions for some values of E ,  the zenith distance of the radiant. 
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Table 1 - The probability p for a sporadic meteor to 
be classified as a stream member in func- 
tion of the zenith distance E of the radiant. 
The probability is expressed as a fraction 
of d/180°. 

We may conclude that the elevation of the radiant has little influence on the probability of 
a sporadic meteor being classified as originating from that radiant. The probability is never 
below 68% of the value obtained for a radiant in the zenith. Except for very low elevations 
of the radiant, which yield poorly reliable data anyway because of the large correction factor 
for the ZHR, we may even say that p does not differ significantly from 1, as far as order of 
magnitude is concerned. 

6. Conclusions 
From the above, we may conclude that the probability for a sporadic meteor to be classified as 
a stream member is about d/18Oo. For the most experienced observers in the world, d is about 
3?5 to so, depending on the relative position of the radiant and the center of the observer’s 
field. For average experienced observers, we may put d M 705.  For these observers, the above 
probability equals 4%. If we take a value of 15 for the sporadic HR, then it follows that the 
“pollution” of the stream ZHR amounts to a value of about 0.6. 

This value does not take into account several effects common during visual observations. For 
instance. the relative position of a meteor and the center of the observer’s field can be unfavor- 
able; or the concentration of the observer may have decreased on the moment a meteor appears. 
All these effects have as a consequence that the observer cannot always accurately determine 
the position of a meteor trail relative to the background stars. Usually, the observer will tend to 
use this inaccuracy in favor of stream classification.2 Therefore, we think it is safe to conjecture 
that stream ZHRs should be lowered by 1 to account for the “sporadic pollution”. 

As a consequence, it makes little sense to try to detect minor showers with (observed) ZHRs 
less than say about 3, using one station visual observations. To distinguish such minor showers. 
one should either observe telescopically (if the mass distributions of the showers allow it) or 
iiniultaneously (preferably photographically). At the same time, we should also warn for trying 
to  distinguish major showers at the very beginning or end of their activity period. Only when 
ZHRs rise above 3, visual observations become significant. Finally, we have to warn for false 
conclusions concerning the average magnitudes of r-values of minor showers, and of major 
ihowers at the beginning or the end of their activity period, as they may have been biased by 
sporadic pollution. 
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The value of the effective radiant diameter d only takes into account errors in backward prolongation of 
iiieteor trails. 
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ct of Experience on 
Arnat eur Visual Meteor 
David Gatt 

It  is a well-known phenomenon that the characteristics of meteor showers observed by different observers are of- 
ten different, in spite of applying corrections for variation of the observing conditions. These intrinsic differences 
are commonly lumped together under the term “Human Factor”. The purpose of this study is to  investigate 
the effect, if any, of the observers experience on these differences between observers. 

1. Methods and data 

The data for this study was collected during a three-week observation of the 1988 Perseid meteor 
shower organized by the As t ronomica l  Soc ie ty  of MaEta. In particular, a one-week residential 
camp was held over the period August 6-7 to 12-13 when mixed groups of experienced and 
inexperienced observers made simultaneous wa,tches. The 27 contributing observers were: 

Stephen Abela (SA), Neville Aquilina (NA), Anna Baldacchino (AnB),Godfrey Baldacchino (GB), 
Stephen Brincat (SB), Bernard Bonnici (BB), Edwin Camilleri (EC), Yosanne C h i  (YC), Chris 
Carabot (CCr), Martin Debattista (MD), Marcel Farrugia (MF), Adrian Galea (AdG), Alex Gambin 
(AIG), David Gatt  (DG), Franco Gatt  (FG), Pierre Gat t  (PG),  Eileen Grech (Eig), Edwin Grech 
(EdG), Antoine Grima (AnG), Sandro Lanfranco (SLf), Jean Paul Mifsud (JPM),  James Mizzi 
(JMz), Gordon Pace (GP),  David Pace (DP),  James Sammut (JS), Mark Scicluna (MS), Leslie 
Vella (LV) . 

Experience has been defined in terms of the number of meteors recorded by each observer. This 
data was collected from reports compiled by the society €or those meteors observed prior to 
the start of the project. To this was added half the total number of meteors observed during 
this project, to give a value for the average experience of each observer for the period of the 
experiment. These values for meteor count experience ( E )  are shown in Table 1. 

2. Analysis of the magnitude data 

Mean magn i tudes :  

For each individual observer, the mean magnitudes for the shower and sporadic meteors were 
calculated. These values are shown in 
Table 1. 

Absolute shower magnitude1 was also computed. 

Linear regression analysis was performed on the relationship between mean magnitudes and 
experience, and the relevant statistics are shown in Table 2. 

It will be seen there is a weak but significant correlation for the mean magnitudes Msh and 
Msp of shower meteors respectively sporadics; in both cases the more experienced observers 
report fainter values. On the other hand, for &Labs there is a negative correlation. The more 
experienced observers report brighter absolute mean shower magnitude. This is to be expected 
from the first two results, since the slope for the .Msll correlation is less than for the Mssp 
correlation. In effect, the less experienced observers are overestimating (reporting too bright 
a value for) the Msp to a greater extent than the M S h .  A possible explanation is that some 
shower or minor shower meteors may be inadvertently classed as sporadics by the inexperienced 
observers . 
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Table 1 - Statistics for mean ma 

al of the IMO 17:6 (1989) 

Obs 

GB 

DG 
AnB 
BB 
EiG 
SA 

A1G 
AnG 
JPM 
LV 
GP 

EdG 
MD 
JMZ 
SB 
YC 
EC 
CCr 
MS 
SLf 
DP 
FG 
NA 
PG 
MF 
JS 

Adg 

E 

2382 
1177 
1136 
747 
666 
656 
590 
498 
419 
370 
356 
355 
333 
304 
204 
198 
184 
144 
140 
137 
124 
88 
70 

5 
48 
24 
14 

N 

123 
466 
137 
116 
382 
30 1 
17 
212 
429 

6 
52 

217 
176 
118 
237 

98 
29 

123 
92 
44 

129 
18 
9 

109 
48 
12 
8 

P 

hower 

Ad 

1.29 

1.09 

0.91 

1.35 

0.97 

4.5 

4 O L  
2.64 
2.14 
2.75 

2.44 
3.61 
R A4 
2.68 
3 3 3  
1.77 
3.28 
2.47 
3‘14 
3.26 
2-04 

4.11 
2.73 

-71 
.8 1 
-75 
P 

N 

2.42 

1.13 
1.42 
2.08 

I. ”8 I 
2.67 
1.80 
2.57 
0.18 
1.30 
2.15 

Q.6k 

Var 

1.79 
“222 
2.84 
2.59 
3.19 
1.79 
1.17 
3.29 
1.29 
1.73 
3.02 
1.39 
3.73 
2.92 
2.53 
3.14 
1.78 

1.53 
3.5 
1.81 

__ss_s_ 

Mabs 

Mabs 

2.12 
2.02 
2.67 
1.81 
2.39 
3.00 
2.60 
2.53 
1.88 
2.83 
2.71 
2.39 
2.79 
2.18 
2.02 
2.40 
3.06 
2.34 
2.06 
3.11 
2.48 
2.31 
2.16 
3.63 
3.10 
3.42 
2.45 

-0.0003424 

Inspection suggests that 
ability than those report 
amongst experienced observers than inexp 
servers were divided into two groups the d 
We chose this value, because star 
reported means to  converge. Furt 
number of meteors observed into t 
populations was calculated and 
ences are significant for Msh ( 
achieved for n/rbs  (I‘ > 0. 

s also show more vari- 

t this hypothesis, the ob- 
450 or E < 450 meteors. 
a sharp tendency for the 
ly found to split the total 
The variance of the two 
as found that the differ- 
eas significance was not 
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Magnitude variance: 
The values for magnitude variance for each observer were also calculated (see Table 1) and 
analyzed in a similar manner to that described above. The statistics for linear regression are 
shown in Table 3. 

Table 3 - Linear regression parameters for meteor magnitudes variance. 

A weak correlation is again noted, more marked for the shower distribution, although that for 
sporadics does not achieve significance. Also, a close inspection similarly suggests convergence 
to a mean value with increasing experience as was noted for magnitudes above. Snedecor’s 
F test supports this for sporadic ( P  < 0.05) but not for shower meteors ( P  > 0.05). Thus, 
inexperienced observers seem to report less meteors at the extremes of the magnitude range, 
and again there is a closer agreement amongst the more experienced observers. 
Comparison of pooled m e a n  magnitudes: 
Pooling together all the magnitude estimates recorded, statistics for the magnitude distributions 
were calculated for shower and sporadic meteors. Statistics were also derived for those meteors 
recorded by inexperienced observers ( E  < 450) and experienced observers ( E  _> 450). The 
rationale for choosing 450 as the dividing line was explained above. The differences of the 
means of the two sub-populations are found to be very significant ( P  < 0.001) for both shower 
and sporadic meteors. One should note, however, that Ad& calculated for two groups is the 
same. We are thus led to  believe that Mabs is almost independent of observer experience. 
This last finding regarding Mab, may seem incompatible with the finding of correlations with 
observer experience noted above. It should, however, be remembered that this correlation was 
rather weak, and the variances for the groups E < 450 and E 2 450 were not significantly 
different. 

Simultaneous magnitude estimates: 
In order to investigate in greater detail the differences in magnitude estimates between different 
observers, the magnitudes assigned to the same meteor seen by different observers were ana- 
lyzed. Identification of the same meteor seen by different observers was possible because the 
meteor designation was assigned by each group’s time-keeper. 
For any meteor observed by two or more observers the magnitude values assigned by each were 
arranged in order of descending observer experience. Every possible pair of values was then 
taken and the differences calculated, always subtracting the value given by the less experienced 
observer from that given by the more experienced. 
If there is no systematic difference in magnitude estimates depending on observer experience, 
the calculated differences should be symmetrically distributed around zero and their mean 
should not differ significantly from zero. If, however, experience influences the magnitude 
estimate, since the pairs were arranged in order of experience, the mean of the differences will 
be significantly different from zero. 
It will be seen from Table 4 that when all the magnitude estimates are pooled together, there is 
no significant difference. However, when the estimates are grouped by magnitude class (mean 
magnitude estimate) then the following differences are noted: 

0 for very bright meteors (Ad < 0) there is a significant tendency for the less experienced 

0 for 0 5 M < 1 meteors there is no significant difference; 
0 for 1 I M < 2 the experienced tend to report a brigliter magnitude; and 

observers to report a fainter magnitude; 
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0 for M 2 2 there is reace, 

There thus seems to be a certa 
magnitudes in the mid-range. 
variance noted above at least 
The faintest magnitude class 
of the correct sign to suppor 
possible explanation for this i 
additional aid in estimating 
corrects the tendency towards t 
The tendency of inexperienc 
nitudes of faint meteors cou 
of mean magnitude to be to 
mean magnitude reported b 

servers to report meteor 
xperience on magnitude 

ean of the differences is 

, the observer has an 
), and this partially 

for their estimate 
n bright ones, the 

3. Coefficients of 

ents of perception 

Obs 

GB 
AdG 
DG 

AnB 
BB 
EiG 
A1G 
AnG 
JPM 
GP 

EdG 
MD 
JMZ 
SB 
EC 
CCr 
MS 
SLf 
FG 
NA 
PG 

E 

2382 
1177 
1136 
747 
666 
656 
498 
41 
370 
355 
333 
304 
204 
198 
144 
140 
137 
124 
70 
65 
48 

0.93 
1.11 
0,99 

.69 

.02 
1.35 
.94 
.07 

0.61 
1.01 
1.14 
1.14 
0.98 
0.71 
1.04 
0.95 
0.81 
0.99 
0.98 
1.15 
.82 

RS pR 

423 
0.68 
1.31 
1.56 
.82 
. I5  

8.80 
1.30 
1.20 

0.76 
0.99 
8.61 
0.75 
3.68 
1.47 
0.73 
1.17 

P 

BR 

1.13 
0.89 
0.70 
0.55 
0.63 
1.74 
0.46 
0.70 
0.69 
2.67 
1.21 
1.56 
1.04 
0.16 
1.41 
1.10 
0.81 
0.60 
1.33 
0.53 
1.36 
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perception (CP) was calculated by taking the meteor activity reported by each observer divided 
by the mean activity reported by the whole group. For each observer a grand mean CP was 
then calculated, weighte by the average meteor a t iv i ty  reported during the watch on which 
each CP was based. The above pr r each of the following measures of 
meteor activity: raw hourly rate ( rate (RShR), raw sporadic hourly 
rate (RSpR), raw minor shower hourly rate ( 

The rationale for taking the first four mea to try and establish not only the 
observers’ intrinsic ability to detect mete here existed a difference in their 
abilities to correctly classify meteors. A R- and HR-CP was performed to 
try and demonstrate a systematic error in overestimating the various correction factors (in 
effect the only correction estimated subjectively was the one for star limiting magnitude). The 
various values are shown in Table 5 .  

Linear regression analysis was attempted for the relationships 
observer experience; relevant statistics are shown in Table 6. 

etween the various CPs and 

Table 6 - Linear regression parameters for perception coefficients. 

I cp Slope 1 Intercept 1 R I P I 
$0.80001632 
$0.00005120 

It will be seen that there is no significant correlation. 
for E < 450 and E >. 450 also shows no significant difference ( P  > 0.05). 

It would thus seem that observer experience plays little role in affecting an observer’s coefficient 
of perception, or at least, such effect is too small to be detected by the data available. It should 
be pointed out that each group was quite small and there was some change in the composition of 
the groups from night to night. This introduced another source of variability which might have 
obscured the effect being searched for. Furthermore, some of the observers consulted others 
as to the classification of various meteors, invalidating any attempts to analyze the ability to 
classify meteors. 

An attempt was also made to  detect any correlation between C for each individual observer 
as his experience increased throughout the experiment, but again no correlation could be es- 
t ablished. 

omparing the variances of the groups 

4. Star l ~ ~ i t i n ~  ma 

The effect of observer experience on Lm estimates was also investigated. In each of the groups 
watching, each observer was asked to make a number of Lrn estimations. Every member of 
the group made the estimate a t  the same time. Estimates were made using the star count 
method whereby limiting magnitude is derived by comting the number of stars visible in an 
area bounded by a polygon of stars. The Lm is then obtained by consulting tables published 
for each area, 

In the first instance these simultaneous estimates were analyzed in a manner analogous to that 
described above for the simulta.neous magnitude estimates. No systematic difference could be 
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I demonstrated (see Table 7) .  

For each estimate, the difference between the group mean and the individual observer’s esti- 
mate was calculated and then a mean value of the Lm error was obtained for each observer 
(Error). These values were related with experience (Table 8) and linear regression was per- 
formed (Table 9). 

Table 8 - Mean errors of Lm estimates. 

CCr MS 

Table 9 - Linear regression parameters for mean Lm error and modulus (or absolute 
value) of mean Lm error. 

~ ~- ~~~ ~~~~ ~~ -~ ~~ 

No correlation was established. However, if variances for the groups E < 450 and E 2 450 
are compared by Snedecor’s F-test, the difference is found to  be very significant (P < 0.01). 
Furthermore, if linear regression analysis is repeated with the modulus (or absolute values) of 
the Lm errors, a significant negative correlation is established. 
These findings imply that the more experienced observers are able to give more reliable esti- 
mates of the Lm, but there is no systematicity in the error made by less experienced observers. 

5 .  Conclusions and corn 
In summary the main conclusions of this stu y are the following: 

e There are significant differences in the mean shower and sporadic magnitudes reported 
by groups of experienced and inexperienced observers. Mean absolute shower magnitude 
however, seems fairly immune to this effect and should he calculated whenever possible. 

e Increasing experience improves the agreement between mean magnitude estimates for dif- 
ferent observers, with a lesser effect ~n the mean value reported. Thus, the error range 
for results obtained by experienced observers will be much smaller than for inexperienced 
ones a 

0 Increasing experience improves the a reement between Lm estimates for different ob- 
servers, with a lesser effect on the mean value reported. The reason for this difference 
may lie either in the less experience observers misunderstanding the method (most com- 
monly excluding the corner stars in the star count method, failing to correctly identify 
the area boundaries, or actually not perceiving the faintest stars). The actual source of 
discrepancies may require further investigation to help devise a more reliable method of 
estimating the Lm. 
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o Less experience 
underest imat in 
at least partiaily 
mean magnitude. 

neous experiments with much larger groups may, 
differences. 

tends toward the midrange (i.e. 
faint ones). This tendency may 

inexperienced observers to report too bright a 

o Qbservers experience has little efPect on observers’ coe cients of perception. Simulta- 
owever, be able to  demonstrate such 

Assuming the above results are appl~cable generally, it would seem advisable to utilize only those 
observations submitted by observers with a cert gree of experience for international pooling 
and analysis. This agnitude data. Much work still needs to 
be done in identifyi een meteor observers, several of which 
clearly do not dep source of this variability is properly 
investigated, relia rely on pooling the information of as 
many experienced observers as possible. 

awes of variabili 

Global observations on the Geminids in 1988 yielded 14 193 Geminids used in 668 Zenithal Hourly Rates. The 
averaged activity profile shows a secondary maximum of 50 meteors an hour a t  A, = 25909 k 00 1. The main 
maximum covers 14 hours, starting at Xo = 260085 peaking at  ho = 261038 Ifr: 0008 with 120 meteors per 
hour and ending a t  = 2 106. The activity pr~fi le  is characterized by a steep decrease immediately after the 
maximum peak: the Geminid activity dies out in about 24 hours. 

be the richest annual meteor shower. For 
ewe during the nights around the maximum of 

r activity of this shower fails 
few efforts reported on the 

naual Perseld watchers contribute with observational 

arth. No reports can be found for the Geminids 
id 19th century w very low to moderate and 
t time known as  most productive st ream. 
ntury ipldicated that the stream became much 
s rates were often close to 100 Geminids per 
sions for these decades are based on a very 
f the Geminids has been described in [1]. 

Well covered Geminid rs are very scarce and only during the recent few years some more 
detailed analysis of the minids became possible [2,3,4,5]. 
1988 broke all. records as the original data contained 441 observations, covering 8445 
Geminids (15 686 meteors in total). As the contributions came from about one week of observing 
in North America, Australia and Europe, a very complete coverage of the Geminid activity in 
1988 was obtained. Never before a complete analysis s ch as in this report had been possible. 
This report illustrates once again the importance of a atabase run by dM0.  The VMDB can 
easily handle more dat sincerely hope that observers who did t yet forward observations 
to the VMDB will do the future. Negotiations with Soviet, ngarian, Czechoslovakian 
and South American r observers will hopefully convince these people to increase the 
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statistical significance of the 
please send us your report a 

when you have visual results, 
into the VMDB! 

Nippon Meteor Society uses 
e VMDB hourly rate format is 

e appended to the ZHR file of the 
puted on 14193 Geminlds reported 
sive and represent a fantastic effort 

VMDB. Altogether the final file con 
by 109 different observers. These nu 
brought together by the followi 

T .  Arakawa (ARAKT), Rai ), Lance Benner (BENLA), 
Guy Rlackman (BLAGU) BROPE), Paul Camilleri 
(CAMPA), Franco hew Clements (CLEMA), 
Louise Cockeram (COC no (D'ALU), Mark Davis 

ionisi ( D I O ~ A ~ ,  John Drummond (DRWJO), 
Kim Felstcad (FELKI), Yasunori Fujiwara 

A), Massimo Giun- 
uido Guidotti (GUIGW), 

(HAVRO), Lars Trygve 
mi (IZUKI), Toshio Ka- 

JU),  Norihito Kawa, 
muro (KAWNO), Y. Kikoku (I<IKOY), Andre KnSfel (KNOAN), M. Kobayashi (KOBMA), Ko- 
matusaki (KOMAT) siyama (KOSTN), Ralf Koschack (KOSRA), William Kuehne (KWEWI), 
Ralf Kuschnik (KUS , Albert0 Latini (LATAL), Robert Lunsford (LUNRO), Alan MacRobert 
(MACAL), Kouji Maeda (MAEKQ), T~a~$uhiko Marneta (MAMKA), Francisco Anton Marin 
(MARFR), Paul Martsching ( (MARUT), Alastair McBeath (MCBAL), 
Fabrizio Melandri (MELFA), T izoguchi (MIZHI), John Moody (MOOJO), 
Dina Moro (MQRDI), Sabine aomi Mutou (MUTNA), N .  Muto (MUTON), 
T. Nagatuma (NAGAT), R. Narus (NARUS), Ali Nasri (NASAL), Seiko Nishioka (NISSE), I<. 
Noze (NOZEK), M. Oka (OKAM), Alessandro Pieri (MEAL), George Platt (PLAGE), Stefano 
Raffaelli (RAFST), Ina Rendtel (RENIN), Jiirgen Rendtel (RENJU), Martino Rizzi (RIZMA), 
Paul Roggemans (RQGPA), Livio Rossani (R,OSLI), Toru Sagayama (SAGTO), Kotaro Sakuma 
(SAKKO), H. Sat0 (SATQW), Francesca Scarra (SCAFR), Holger Seipelt (SEIHO), Yasuo Shiba 
(SHIYA), Y. Sikoku (SIKOY), Sind K. Siotani (SIOTK), David Stine (STIDA), Enrico 
Stomeo (STOEN), Stefano Stomeo ( Suzuki (SUZUY), David Swann (SWADA), Richard 
Taibi (TAIRI), Jun Takada (TAKJ i Tomioka (TOMHI), Toriyama (TORIY), Michelle 
Treasure (TREMI), Emiliano Trizio , JosC T r i p  Rodriguez (TRIJO), Masayoshi Ueda 
(UEDMA), Toshihiko Ueno (UENT a (UYAYO), Mirco Villa (VILMI), Roger 
Vodicka (VODRO), William Walbek d (WOOJE), Nikolai Wunsche (WUNNI), 
Yasuo Yabu (YABYA). 

To all these observers, than €or the excellent work done. Be aware that these 
results would not have materialized without your dedicated effort. 

2. The activity 
The observational data was an ccording to the method described in [4]. In total 441 
ZHRs were computed from the (Japanese observations were added later on). 
Figure 1 shows the individual results as they were computed by the VMDB. One may wonder 
why the scatter is so large. Figure 1 represents all data points without any omission. Very low 
values represent observation where the radiant was very low on the horizon, some other points 
were obtained in too short serving intervals or at poor sky. 
Before the averaging process starts, servations are selected, removing ZHRs obtained with 
the radiant below the horizon. Next a quali ction is made by introducing a maximum 
for the correction factor used to  compute the . A poor limiting magnitude combined with 
a large zenith distance correction may easil a factolr of 5 or more. The observer can 
compensate for this by observing longer, ~ ~ c r e ~ s ~ n g  T e ~ .  In general, the maximum correction 
factor allowed in reports like this is 5. In some cases the upper limit was put at 3. As soon 
as the ZHRs obtained with a correction factor larger than 5 are removed, the large spread of 
Figure 1 becomes much less discouraging. Some spreading a n  the ZHR at a given instant will 
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be always present, as we can expect from the nature of a meteor count. The statistical variation 
on the ZHR enables us to make a mere estimate of the activity. The most likely activity profile 
will be found when many independent estimates of the activity are available. 
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Figure 1 - Individual ZHRs computed by the VMDB for individual observers in America, Australia 
and Europe. 
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Figure 2 - Averaged ZBR-curve of the 1968 Geminids, using a 
sliding mean over a 6 hour period by a step of one 
hour. 

One factor is not yet compensated for in these analpes: perception. Some observers have 
better eyes and count considerably more meteors than their colleagues. When a large number 
of observers contribute to a report such as this, the low perception observers may be expected to 
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I be compensated by the higher perception observers. T e V~~~ enables us to find a perception 
coefficient for each observer, 
When results are averaged, the activity profile shows a quite smooth shape. From Figure 2 we 
see that the activity gets up from the zero level at A 0  = 251' (December 3),  to about 10 at 
258' (December 10). The small variations illustrate how rates fluctuate with hours without a 
Geminid seen, and hours with five to en Geminids appearing the week before the maximum. 
If more observers were active in that , rates were probably smoothly going upwards. 
From A 0  = 258' the Geminid activity starts its rise towards maximum level. If you do not want 
to miss anything, this is the night to start with: December 10-11. Rates get gradually up to 
20. European observers witnessed a steep increase in hourly rates on December 11-12, getting 
up to a ZHR of about 50 at Xa = 25909 ~II 001. This seemed most promising for the maximum 
night in Europe, although some observers worried that the maximum might occur too early, 
being over when Europe would have nighttime from December 13 to 14. American observers 
started with good rates, but the second part of the American observing window saw much lower 
rates. Australians took up at A 0  = 2680115 and saw rates increasing again gradually. 

m am* zmo m a  m a  241 m a  

Figure 3 - Enlargement of Figue 2 around maxi- 
mum, 

got was a rather steeply declining hourly 

Z . H . R .  

Figure 3 enables us to look closer at the curve near 
the maximum and to read more carefully the solar 
longitudes of the maximum. The Geminid hourly 
rates increase very smoothly from An = 26002 
(ZHR 20) to 261005 when the mean ZHR reached 
108. Then soml?thing rather remarkable happened: 
rates decreased back to about 80 at A 0  = 26102, 
just at the end of the American observing window 
and at the start of the Australian Geminid watch. 
The maximum is then reached at A 0  = 261036 
with a ZHR of 119. This high maximum level was 
observed in Japan and Australia. When the Euro- 
peans took over for their maximum night, all they 
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Figure 4 - Detail of the Geminid activity, averaged over a 6 hour period, one 
average every hour. 
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The evening started with remarkably long eminid trails striking through the sky from a very 
low radiant somewhere near the horizon. When the radiant got higher rates became better, 
but experienced Geminid watchers knew that they were observing the declining activity of a 
good maximum that was over when the enough in the sky. When Americans 
took over, rates were at less than 50% of vel, The decrease from the maximum 
ZHR of 120 to the level of 20 took only one day! T h  night, Australian and European 
people saw barely a few Geminids: a boring experience. cember 16, Geminids are almost 
non-existent . 
Some very high and some very low ZH s were eliminated before the ZHRs were averaged again 
to  draw Figure 4. The high activity level at  A 0  = 25908 remains and the general shape does 
not change much. The dip at A 0  = 26102 is only represented by one data point. At that time 
Robert Lunsford was watching, and confirmation from more observers is required before the 
dip can be explained. The time of the main maximum remains however as it was seen entirely 
to the Australian teams. 

3. Some discussio 
An activity profile of a stream should picture us the particle density variation through a cross- 
section of that stream. A question we should ask ourselves is which resolution we can get in the 
cross-section picture? Where do the real ensity features en and at  which point do spurious 
features get involved? One may suggest add error bars t the graphs. At this stage of the 
VMDB we are not sure yet which error definition can considered representative on the data 
points. Observers from Malta (G. Baldacchino) and orge Spalding use the probable error 
Z H R / f i .  However, if you wish to use this error margin with the large quantities involved in 
the VMDB, the thickness of the data points include the ror bars in most cases. Obviously, 
the probable error is larger! When we compute the mean , we also compute the standard 
deviation on the average, just to give YOU an idea of the sp on the mean ZHR. This standard 
deviation is much larger than the real uncertainty on the It is mostly due to the differences 
in perception, and, in case that the sampling period is too long, to the rapidly changing activity 
itself. For this reason, long averaging periods of 12 hour and more are unsuitable as the standard 
deviation may then increase a lot. For instance the decrease after the Geminid maximum goes 
very steeply in very few hours. 

I .  
n 

8 e8@oi e 

B !  4 
258 258.5 2x3 259.5 2sB 260.5 261 269.5 262 262.5 

Figure 5 - Averaged 1989 Geminid ZHRs observed in Japan, com- 
puted by H. Tomioka. 

Up to now, IMO has not yet introduced a perception coefficient for each observer. This means 
that we assume that we have so many observers, that too high perceptions are averaged out 
against too low perceptions. This assumption is not necessarily true. In case we would get a 
peak-value due to  the presence of high perceptive observers only, and thus a spurious peak, then 
the standard deviation will be very small as small differences will Q C C U ~  among the ZHRs, being 
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I all grouped at  the upper part of the perception scale. Yet, the sporadic hourly rate may help 
to detect such coincidences. The question how to obtain the most realistic error presentation 
on the averaged ZHRs remains to be answered and may be a topic to be studied by some IMO 
members. 

Another way to get some more confidence in the activity profiles is to compare the results to 
these of another group that worked independently from IMO. Mr. Hiroyuki Tomioka (founding 
member of IMO)  published a very impressive report in [6]. His averaged results are shown in 
Figure 5. 

The observations were all done in Japan by members of the Nippon Meteor Society (NMS). 
The methods and ZHR definition are identical to IMO's. The values are overall a bit higher. 
We recognize however fragments of the shape pictured in Figure 4: the rise from A 0  = 2602 
onwards and the maximum night with the main maximum at A 0  = 261036 are exactly what 
we found before in this report. 

All averages above were obtained attributing an equal weight to each ZHR. The larger the 
correction factor, the less accurate the ZHR. An option of the VMDB is to introduce a weighing 
factor l/Ctot with Ctot being the total correction factor used to obtain the ZHR: 

N = N1 + N2 + * * + N m  
ZHRi = C; x N; (1 5 i 5 m)  

AT 
A *  

ZHRavg = - 
G o t  
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.. . . . . 
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Figure 6 - The activity profile pictured in Figure 4, but recom- 
puted with a weighted sliding mean over a 6 hour sam- 
pling period. 

This option does not alter the shape of the activity profile a lot (compare Figure 4 with Figure 6). 
Experience with other showers already showed this before. As an experiment, the individual 
Japanese ZHRs were added to the VMDB ZRR file. This represents an additional data input 
of about 75% of the originally available data points. It is a good test to verify how strong our 
activity profile depends upon the observers characteristics. If the shape of the profile would 
differ significantly, some features would be very likely to be spurious. The result of the weighted 
sliding mean of 668 ZRRs, over a 6 hour sampling period advancing with a step length of 1 
hour is shown in Figure 7. 
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Figure 7 - Averaged Geminid Z Rs using a 6 hour period for 
American, Australian, European and Japanese obser- 
vations. 

Instead of disappearing, some features get more s he main shape of the profile 
remains intact. The high activity noticed at A 0  = 0 1  is seen only by few European 
and one American observer who all agree but ry numerous to give convincing 
evidence. This small peak with a considerable Z never been reported before, but 
this is not a reason to deny it. This is the first bal Geminid analysis. Previous 
attempts date back to 1985 [7], and 1980 [2] and involved mainly European and very few 
American data. No data were used to cover the Japanese-Australian observing window. We 
can only hope that future Geminid efforts will s ed more light on this secondary Geminid- 
maximum. Seen from a theoretical point of vie we may remember the explanation D.W. 
Hughes and I.P. Williams [8] came up with to explain the main maximum. According to them, 
a filament of more densely packed meteoroids in the stream would be encountered now by the 
Earth at the outer edge of the stream. If the Earth starts to encounter a new filament, situated 
more in the center of the stream, it may w itself in a way like the mini-maximum. At 
this stage it is simply too early to think a this possibility as some confirmation must be 
obtained from future observing projects. 
Another feature represented in all graphs of the maximum is the very broad maximum. The 
activity increase stops at A 0  = 261’ when a small plateau effect is seen. Activity drops a bit 
at h a  = 261:s before rates go up to the main maximum peak at  A 0  = 261038 f 0008. 
J. Jones [9] suggested a double maximum or a plateau e t for the Geminid activity profile 
based on his tlieoretical model for the Geminid evolution. model suggests that the Geminid 
cross section can be compared to a thick pipe of meteoroid dust, resulting in a twin-peaked 
activity. He considered radar data to be unsuitable to resolve short term activity variations. 
He found observational evidence in the visual work of one observer; Norman McLeod. 
David Hughes [lo] concluded he found a bifurcation in the Geminid activity, separated by 0.8 
day (0.014 AU) in the 1980 analysis [2]. The radio results presented in 121 yield an activity 
profile similar to Figure 7 above, but a bit wider. The visual activity profile is too incomplete 
however (no Pacific observers) to  allow direct comparison to Figure 7. 
A bit more complete were the 1985 results [7]: then a broad maximum was recorded starting at 
A 0  = 261024 ending at A, = 261076. The highest rate was at A, = 261032 (120) and a second 
best rate occurred at A 0  = 261072. Peter Jennislcens [ S ]  used mainly the same data and found 
A 0  = 261032 f 0002 as the main peak followed by a lower peak at A 0  = 261065 rt 0001. He 
considered two Gaussian shaped curves to split the mnaximum profile into two superimposed 
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curves. From the s 
Gerninids, assuming 
Reference [2] menti 

coinciding with the start O€ our main 
peak at A 0  = 261032, our 
1988 data at ab 

age of 1600 years for the 

activity, in good agreement 
02 €or the period 1944-1974, 

rubcan and Stohl [12] quoted the 
s come out the 

not very well explained SO far. 
t is the perce 

Table 1 - The observers' p ~ r ~ e ~ t i o ~  eoe 
profile. The abbreviations can 

erived from the 1988 Perseid activity 

Obs. 

ARAKT 
BENLA 
BROPE 
CLAMA 
CORM-4 
DELST 
ELTMA 
FUKUK 
GIUMA 
GUIGU 
HAVRO 
ITODA 
KAWHI 
KIKOY 

KOMAT 
KUEWI 
LUNRO 
MAMKA 
MARUT 
MIYAT 
MORDI 
MUTON 
NASAL 
OKAM 
RAFST 
RIZMA 
SAGTO 
SCAFR 
SIKOY 
STIDA 
SUZUY 
TAKJU 
TREMI 
UEDMA 
VILMI 

WOOJE 
YASFU 

P 

2.74 
1.15 

0.73 
0.66 
0.47 
1.07 
0.57 
1.07 

0.56 
1.48 
1.32 
2.16 

0.90 
3.77 
3.86 
1.97 
5.77 
1.32 
1.76 
1.30 
Z.27 
1.76 
1.43 
L.47 
..88 
!.06 

1.40 
..62 
1.43 
.41 
.62 
.38 
.19 

- 

__. 

Nr. 

7 
s 

31 
72 
1 2  
30 
37 

6 

24 
7 

49 
6 

28 
107 
139 
31 

6 
15 
43 

6 
31 

6 
6 
1 
6 

25 

6 
31 
12 
38 
24 
99 
19 

- 

- 

- 
U 
- 
0.73 
0.31 

0.21 
0.23 
0.16 
0.26 
0.09 
0.12 

0.09 
0.20 
0.37 
0.16 

0.24 
0.22 
0.22 
0.36 
3.20 
3.13 
3.27 
1.03 
1.69 
3.09 
1.04 
1.00 
1.18 
1.19 

1.11 
1.49 
j.02 
b.39 
1.19 
b.43 
b.29 - 

FUKUT 

KOSIN 

MORSA 
NAGAT 
NISSE 
PIEAE 
RENIN 
ROGPA 

STQEN 

UENTO 
VODRO 
WUNNI 

_I__ 

P 

.43 
0.53 

~ 

0.93 
0.55 
1.63 
1.23 
0.72 
1.26 
1.12 
0.46 

.93 
-47 

1.44 
0.42 
1.06 

1.55 
2.61 

3.98 
1.20 
1.72 
L.02 
1.66 
1-21 
L42 
1.82 
1.17 
1.07 
1.79 
1.64 

!.12 

- 

__I 

Nr 

1: 
5$ 
11 
4; 
If 
2: 
1E 
42 
82 
1 E  
45 
11 
23 
23 
30 
12 
6 

27 
29 
19 
6 

61 
12 
12 

136 
13 
6 

11 
12 
6 

17 
12 
24 

7 

___s 

- 

I7 
I_ 

.os 

.If 
0.19 
0.19 
0.24 
0.12 
0.42 
0.27 
0.20 
0.08 
0.31 

.25 

.28 
0.15 
0.27 
0.14 
0.04 
0.30 
0.22 
0.39 
0.23 

0.23 
3.13 
3.21 
3.33 
3.07 
1.06 
2.28 
1.09 
3.08 
1.23 
1.31 
1.27 

1.19 

- 

Obs. 

ATHJA 
BOAAN 
CANFR 
COCLO 
DAVMA 
DRUJO 
FELKI 

GAAKA 
GORRO 
HASTA 
HINCR 

KAMTO 
KAWNO 
KOBMA 
KOSRA 
LATAL 

MAEKO 
ARPA 

MELFA 
MOOJO 
MUTNA 
NARUS 
NOZEK 
PLAGE 
RENJU 
ROSLI 

SATOH 
SHIYA 
SIOTK 
STOST 
TAIRI 

TORIY 
TRIJO 
UYAYO 
WALWI 
I'ABYA 

P 

0.84 
0.51 
1.46 
0.60 

- 

0.33 
1.26 
0.53 
0.17 
0.73 
1.10 
0.91 
1.11 
0.52 
1.24 
1.51 
1.10 
1.10 
1.31 
3.11 
I .24 
3.60 
1.71 
1.88 
1.70 
1.80 
1.74 
1.00 
1.04 
1.95 
1.27 
1.34 
1.86 
1.17 
! .OO 

- 
?Tr 

24 
18 
12 
12 

- 

15 
36 
18 
6 
6 

12 
15 
36 
12 
17 
47 
54 
18 
16 
6 

19 
6 

30 
53 
12 
25 
11 
6 

11 
13 
6 

59 
$8 
12 
i5 

- 
U 

- 
0.18 
0.15 
0.31 
0.18 

0.15 
0.22 
0.10 
0.01 
0.05 
0.20 
0.44 
0.11 
0.12 
0.32 
0.30 
D.21 
3.16 
3.30 
3.00 
3.27 
1.17 
1.20 
1.26 
1.12 
1.23 
1.34 
1.05 
1.29 
1.33 
1.17 
1.42 
1.21 
1.32 
1.30 
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of the same few observers. The separated Japanese 2 Rs also show such a dip at A 0  = 
2,61025. The American observing window is covered by very few observers, which means that 
there is much chance for getting spurious features. When the Japanese and other data come 
together, the dip at  A 0  = 26102 becomes much less abundant; the dip in Japanese ZHRs 
disappears completely. This made the author suspicious that with too few observers at some 
hours, perception influences were responsible for some likely spurious details. Figure 6 can 
mislead someone to think about a twin maximum, if the numbers of ZHRs in the samples 
are neglected. Therefore the activity profile of Figure 7 was used t0 estimate the perception 
coefficients for the 109 observers. 

. 

2.It.R. 
120 

10 

259 260 261 262 
h 1 9 r a . 0 ,  

Figure 8 - Perception-corrected version of Figure 7. 

GFM IN IDS 4988 

Figure 9 - Presentation of how the 1988 results would look like in the "old style". 

The method developed in the VMDB to get perception coefficients from a meteor stream 
profile can be found in 1131. The resulting coefficients are given in the table below and are 
useful information for all the observers involved. 

The 668 ZHRs were perception corrected and a weighted sliding mean over a 6 hour period was 
obtained again. This final curve is shown as Figure 8. 



238 WGN, the Journal of the lM0 17:6 (1989) 

Only the dip at A 0  = 260f1 was not s the tion correction. Otherwise, the 
profile became amazingly smoot at A 0  = 261?38 f 0?08. This 
peak has occurred at  December 4, Oh f 2h UT in 1989 over Europe, Unfortunately the Full 
Moon disturbed a lot, We would like to produce these activity profiles for past years' data, so 
that the variation in the shape of the curve can be compared from one year to  another. Figure 
9.shows an activity graph in the way the best results of past years were presented, before the 
VMDB was available. Just compare Figure 9 to igure 8, to convince yourself it is worth while 
sending in all your data that may help us to ma 

5 .  ~ a ~ ~ i t ~ ~ ~  ~ i ~ t ~ i  
An often reported p h e n o ~ e n ~ ~  with t e Geminids is that the solar longitude of shower peak 
activity varies with visual meteor ~ a g n ~ t u d e  [3]. All ma itude data were accumulated per 
date, limiting magnitude corrected r-values corn results are presented in Table 3. 
For the conclusions we can be very confirm this from the 1988 data. The 
reason is that too few observers repo d sporadic magnitude distribution per 
date. It must be emp rate data is limited if no magnitude 
distributions detailed and for the sporadics are given. So 
please make an effort and report all your data in a complete report format according to the 
IMO format. 

showing very clearly t 

more graphs like Figure 8. 

Table 2 - Global m ~ ~ n ~ t u ~ ~  distributions of the 1988 Geminids and the sporadic background. 
_I___ 

Date 

Dec 07 
07 
08 
08 
09 
09 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 

Tot 
Tot 
.___. 

- 
Sh 

G 
S 
G 
s 
G 
S 
G 
s 
G 
S 
G 
s 
G 
G 
G 
S 
G 
S 
G 
S 

G 
S 
I_ 

5.48 
5.49 
5.30 
5.30 
5.75 
5.81 
5.00 
5.00 
6.34 
6.00 
6.27 
6.15 
6.48 
6.14 
6.01 

6.20 
6.20 
6.00 
6.00 

6.25 
6.05 

5.86 

- 

-6 -5 -4 -3 -2 -1 0 $1 $2 3-3 $4 4-5 3-6 +7 

0 0 0 0 0  0 1 1  2 2 0 0 0 0  
0 0 0 0 0  1 1  3 7 1 8 1 5  5 0 0  
0 0 0 0 0  0 1 0  1 2  2 0 0 0  
0 0 0 0 0  0 0 0 1 4  3 0 0 0  
0 0 0 0 1  2 0 3 2 5 2 1 0 0  
0 0 0 0 0  0 0 1 3  5 5 2 0 0  
0 0 0 0 0  0 0 0 2 0 0 0 0 0  
0 0 0 0  0 0 0 .5 0.5 1.5 3.5 0 0 0 
0 0 1 1 2 5 12 17 33 51.5 38.5 21 2 0 
0 0 1 0 0 1 1 5 11.5 23 29 8.5 0 0 
0 I 0 3 3 5 27 38 60.5 127 105.5 39 3 0 
0 0 0 0 0 1 5 9 16 35.5 43 35.5 4 0 

0 0 0 0 1 0 0 5 8.5 36 44.5 20.5 1.5 0 

0 0 0.5 0.5 1 2 2 6 13.5 39 74 39 4.5 0 
0 0 0 0 0 1 1 1.5 9.5 13 6.5 4.5 0 0 
0 0 0 0  0 0 1 0 2 8 . 5 6 . 5  4 0 0  
0 0 0 0 0  0 0 0 1 1  0 1 0 0  
0 0 0 0 0  0 0 0 1 3  3 3 0 0  

4 4 13 45.5 152 349.5 552.5 940.5 1532 1877 1369 636.5 91.5 0 
0 0 3.5 5 19.5 27.5 81.5 154 239.5 425.5 500 320 85.5 1.5 

o I P 2 13.5 31.5 56 117.5 217 310.5 231 98 5 o 
3 o 2 7 23 54 83.5 134.5 204 306.5 232 92.5 7 o 

- 
Tot 

6 
60 
6 
8 
16 
16 
2 
6 

184 
80 

412 
149 

1084 
117 
1149 
182 
37 
22 
3 
10 

7575 
1863 - 

1.83 
3.10 
2.67 
3.25 
1.94 
3.25 
2.00 
3.33 
2.68 
3.13 
2.79 
3.49 
2.63 
3.57 
2.39 
3.63 
2.89 
3.43 
3.33 
3.80 

2.37 
3.19 - 

Table 3 - Mean magnitudes, r-values and correlation coefficients for the 1988 Geminids and the 
sporadic background. 

i Sporadics Geminids I 
Corr. 1 ~ o t  

0.995 184 
0.995 412 
0.998 1084 
0.975 1149 
0.988 37 
0.996 7575 

T 

2.46 
2.53 
2.69 
2.43 
3.03 
2.62 - 

Corr. 

0.999 
0.996 
0.997 
0.994 
0.994 
0.997 
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article above was typed,  a paper appeared 
ulletin of the Astronomical Institute of 

~ z e c ~ o ~ l ~ v u ~ i ~  [ I ]  describing the activity profile 
of the Geminids as obtained from radio observa- 
tions at Ondfejov, Czechoslovakia, and Ottawa, 
Canada. They found that the position of the peak 

rofiles shifis b y  -001 per meteor 
hat the widths of the stream pro- 

files and the degree of the asymmetry also depend 
on the particle size. The reason why we mention 
this article, however, is that the professional uctiv- i 

Figure 1 -Activity profile of the 1988 Geminids 
obtained from radio observations at 
Ondfejov with 1 s < TA < 8.05 s.  

ity profiles’presented therein are- strikingly similar 
to the ones sh,own b y  Paul Roggemans in the above 
report. Just, as an example,  we reproduced one of 
the curves in [I]; we invite the reader to  compare 

it to e.g. Figure 8 in the above report (Ed.) 
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t er 
Galina 

The problem or” double maxima in meteor showers of cometary origin is discussed. The simulation method is 
described, The simulation results and observational data  for the Gerninid meteor stream a,re presented. 

The last few years were devoted by of the present gaper to the study of the Geminid 
meteor stream origin and evolution. te Carlo simulation method is a very convenient 
and effective one €or this purpose. e s~mulatjon process can be described as follows 
(see 113 for details). 

The ejections of meteoroids are simulated from an assumed parent body in a definite way. The 
schemes of the ejection can be varied. For example, it can be a cometary type of ejection, 
when particles are ejected from the solar hemisphere of a nucleus along the entire cometary 
orbit with increasing the ejection velocity and rate of ejected dust towards perihelion. Or it 
can be an eruption type of ejection, when the ejection takes place in a single point of the parent 
orbit. Then the evolution of each individual particle orbit is followed by using a special kind of 
approximating polynomials. In such a way, we can obtain the spatial distribution of a modeled 
stream? the fiux density distribution in some cross-sections, dispersion, etc., at different stages 
of the evolution. 

Figure 1 -The central fragment of the Gem- 
inid model cross-section. The cells 
intersected by particles generated 
in pre-perihelion ejections are in- 
dicated by crosses; those by parti- 
cles €rom post-perihelion ejections 
by small dots; and those by both 
kinds ofparticles by big dots. Scale 
in AU. 

One of the simulation results was quite unexpected, 
namely the bimodality of the eminids’ rate profile. 
The b i ~ o ~ a l i t y  takes place ly when a cometary 
type of ejection model is used. When we use the 
eruption type model, the activity profile has only one 
maximum. 

It turned out that t e model stream was stratified 
into two “jets”. The Earth in its motion intersects 
the jets one by one causing the bimodality of the 
shower. The reason for the stratification is the sep- 
aration of the orbits originating from the pre- and 
post-perihelion ejections (see Figure 1) in the process 
of evolution. The interval between the first and sec- 
ond maximum depends on the meteoroid mass and 
on the place where the Earth intersects the stream 
too, because the two jets are not parallel. In the con- 
sidered model, the interval between maxima is 1?3 in 
solar longitude for a meteoroid mass of 3 x g, 
and 1(/8 for a mass of 3 x g. The first (or main) 
maximum is recorded earlier for smaller particles and 
the second maximum, inversely, is recorded earlier for 

larger particles. 

The criterion for the simulation correctness is the agreement with observational data. We have 
some data supporting the hypothesis of the Geminids’ bimodality. 

In Table 1, the positions of the maxima are presented according to [2,3], where the flux density 
distribution according to  the solar longitude is considered. We can see that the results of [2,3] 
are qualitatively consistent with the results of the simulation. 

M. Simek [4] presents the mean activity profiles for some mass intervals of meteoroids. In his 
group NI, where the mean radio magnitude was 3.2 (rn = .0137 g according to the mass 
scale in [ 5 ] ) ,  we can see the secondary maximum shifted by 005 from the main maximum. 
Visual observations of the Geminids from the period 195’0-79 [Gj, Figure 31 show the secondary 
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by 008 from the main o e secondary maximum in these 
ematical; maybe we jus  tions. The visual observations 
enniskens [7, Figure 21, however, clearly show a double maximum with first 

. The existeiic 

urn separated by 4’3 in solar hongtitude. 

Table 1 - Positions of the first and secondary maximurn of the Gem- 
inid meteor shower according to [a] ([S]). 

rn AA 

3 x ep 1 261025 I I ” 

3 x Q 

3 x g 

3 x 10-6 g 

(26105) 
260Y5El 

2590 85 

(258: El) 

2620 25 

2620 50 

2620 75 
(2640 0) 

(2630 0) 
1075 

20 65 

60 15 
(60 0) 

(3’1 0) 

(50 4) 

Concluding this brief discussion, we can note that, we now have some arguments in favor of the 
Geminids’ bimo alityy, but we certainly need more observational data. 
The simulation was performe meteor stream, ut we have all reasons to believe 
that the formation of many streams having similar ejection mechanisms proceeds analogously. 
Therefore, some meteor streams of cornetary origin could have two maxima. And indeed, a 
double maximum for the Perseid meteor stream mas reported recently by P. Roggemans [8]. 
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Fire s 

A Compiex of large meteor bodies responsible for or 
ball streams have been disc 
relationship between meteor 

d meteorites i s  investigated. 78 fire- 
ers of these streams are given. Some conclusions on the 
in the ~ o l m  system are made. 

The present paper ha, e basis of the up-to-date 
photographic data of istribution of large s , the revelation 
of streams (if any) of nd other minor 
bodies in the solar sy 

We analyzed the p h o ~ g r a ~ h i c  data of 554 fireballs, all networks in the USA 
and Canada [1,2] during 1963-1984. The analysi a ta  takes into account 
not only the degree of coincidence of the radian ity, the data of 
its visibility arid orbital elements. but also the magnitude and 
direction of the diurnal motion of the radiant, and also some other peculiar characteristics of 
the shower, the position of the radiant on the celestial sphere as well as peculiarities of the 
stream orbit and a type of possible planetary perturbations. inor streams and associations, 
of which several hundreds are known by now, vary much mor han scanty large and compact 
streams. Both kind of streams should not be reduced to a “common denominator” (by means 
of existing criteria), if we want to understand all the variety of meteor complexes. 

The result obtained can be summarized as follows: 

following purpose: t 

bodies, and their 
like comets, astero 

1. 78 fireball streams which include 375 fireballs (of the total of 554) have been detected. 
Thus among large meteor bodies the organized matter constitutes 68%. Among ordinary 
photographic meteors this fraction is smaller: 56% according to Terentjeva [3]  or 43% 
according to Lindblad 141. Among fainter eteors (ap~rox~mate ly  up to +7),  this fraction 
is only 28% [ 5 ] .  

The table contains for each of the 78 fireball streams the abbreviated designation, the 
period of the activity, the mean value of the coordinates Q and S for the corrected geocentric 
radiant, the extra-atmospheric velocity V, and the orbital elements. Two fireball streams 
(nrs. 56 and 76) are the Perseids and the Geminids respectively. 

Table I - Orbital parameters of 78 fireball streams (Eq. 1950.0). Distances are expresses in AU. 
velocities in km/s, and angles in degrees. 

1 
2 
3 
4 
5 
6 

7 

8 

9 
10 
11 
12 
13 - 

Stream 

p-Ori 
@-And 
&Cet 
y-Del 
p-Per 
a-Cnc (a) 
a-Gnc (b) 
rr-Cnc ( c )  
c-Col-8-CMa (a) 
E-Col-0-CMa (b) 
a-Gem ( N j  
a-Gem ( S )  
?-Per 
$-Peg 
Lyn I 
/+-Leo 
a-Hyd 

Date 

I 1-11 4 
I 3-11 
14-9 

14-16 
I 4-19 

I 10-11 26 

114-30 

1 16-11 9 

121-11 14 
125-28 
11 4-27 

II 6-111 23 
IT 12-24 

- 
a 

88 
20 

311 
69 

131 
144 
137 
80 

102 
120 
118 
32 

358 
114 
159 
138 

37 

__. 

s 

$12 
+40 
$08 
$18 
$49 
4-12 
$18 
4-18 
-36 
-09 
$27 
$12 
$58 
$30 
+52 
$07 
-04 - 

VCQ 

16.4 
13.6 
13.6 
17.9 
16.4 
26.8 
20.8 
20.7 
20.0 
19.8 
21.1 
18.5 
14.0 
14.3 
16.0 
20.5 
20.9 - 

¶ 

0.854 
0.980 
0.978 
0.896 
0.923 
0.475 
0.502 
0.729 
0.952 
0.846 
0.658 
0.799 
0.984 
0.976 
0.938 
0,663 
0.719 - 

P 

a 

1.866 
1.904 
1.986 
2.414 
2.341 
2.114 
1.081 
2.182 
3.008 
2.430 
1.822 
1.998 
1.883 
2.177 
2.195 
1.737 
1.975 
P 

e 

0.524 
0.484 
0.508 
0.623 
0.603 
0.761 
0.535 
0.664 
0.684 
0.646 
0.632 
0.584 
0.477 
0.552 
0.569 
0.613 
0.625 - 

i 

4.1 
6.2 
1.2 

12.6 
8.7 
6.3 

10.1 
4.3 

21.8 
14.3 
3.3 
3.8 
9.2 
6.5 
9.4 
3.2 

10.3 - 

- 
W 

51.7 
188.6 

7.8 
140.0 
213.4 
101.9 
294.0 

69.0 
22.9 
50.2 

262.1 
61.3 

185.6 
167.2 
209.2 
262.8 

73.0 
_I 

112.5 
286.3 
105.6 
289.0 
292.3 
125.0 
307.8 
145.7 
117.7 
124.0 
301.8 
135.3 
312.7 
305.9 
329.2 
341.7 
149.3 - 
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Nr 

14 

15 
16 
17 
18 
19 

20 
21  
22 

23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 

45 
46 
47 

$8 
29 

50 
51 

j2 

53 
i4 
i5 
i6  

i7 
i8  - 

SLreY2m 

v-Vir (N) 
v-Vir ($1 
v-Vir (S) 
P-CeP 
HYd 
rr-Cas 
v-Hyd 
q-Vir (N) 

q-Vir ( S )  
X-Vir 

&Leo (N) 
&Leo ( S )  
86-Vir 
P-Lib 
Lyn II 
q-Uma 
p-Ser 
Lib (N) 
Lib (&I 
Lib ( S )  
+Vir 
L-Cas 
ff-SCQ 

Lib-Cen 

~ -BQCI  
&-Lib 
e-UR'la 
p-Ser 
V-Ser 
p-cap 
r - S g r  
Per 
P-P-AW (a) 
'p-P-Aqr ($4) 

65-Vir 

P-Sgr 

&Cap 
Equ-Gru (N) 
Eqn-Gru ( Q )  

$-Per 
LPsc {N) 
6-Psc (S) 
-Y-%r 
Peg-Cep (a) 
Peg-Cep (b) 
Peg-Cep ( c )  
r-Cet 
Lyr-Dra (a) 
Lyr-Dra (b) 
ff-Psc (N) 
ff-Psc (S) 
a-Cap 
y-Psc 
a-And 
o-X-Dra (a) 
o-X-Dra (b) 
p-CeL 
rr-Leo 

Date 

11 14-111 6 

I11 3-31 
III 4-15 
111 4-16 

I11 12-IV 8 
111 13-IV 11 

III 27-PV 28 
III 31-IV 6 

IV 9-18 

IV 9-24 
I V  1 3  

IV 15-18 
IV 25-V 25 

v 1-3 
V 1-4 

V 3-31 
v 9-1'1 1 
v 12-15 
V 12-18 
VI 2-28 
VI 5-7 

V I  20-VII 6 
VII 1-15 
VII 3-31 

VIB 6-X 19 
vrI 7-23 

VIli 10-18 
VII 30-VIII 12 
VIII 4-IX 25 

VIII 13-31 
VIII 18-X 22 

IX 1-22 
IX 9-a7 

IX 12-x 3 

I X  13 
IX 21-XI 23 

IX 28-XI 26 
X 3-27' 

X 8-26 

X 10-24 

X 12-18 
X 12-27 

x mxr 25 

X 14-XI 9 
X 25-XI 6 

ip 

161 
17( 
461 
31t 
131 

4 
158 

1-87 
4 78 
181 
19:: 
18C 
167 
2 x t  
20E 
1lf 
20: 

22t  
225 
2j i 
191 
4; 

24: 
21: 
29c 
225 
23: 
19: 
335 
277 
302 
28E 
38 

344 
314 
924 
319 
321 
34% 
260 
54 

6 
4 

170 
$38 
122 
!34 
18 

?87 
!67 
20 
33 

115 
i4a 

2 
!83 
!77 
41 
46 - 

6 

4-13 
4-04 
-on 
-+-?I 
-12  
+4F 
-11 
-02 
--05 
- 11 
-11 
-0% 

-22 
--LC 
--1e 
+53 
+51 
1 0 2  

--IS 
- 31 
-07 
4-69 
-2E 
-22 
-2G 
-t5c 
-10 
4-62 
-04 
-04 
-16 
-28 
$56 
-04 
-0% 
-14 
1-09 
-13 
-52 
j- 5 4 
+JG 
3-65 
-03 
- 3 1  
1-31 
3-44 
t.57 
-19 
t 4 0  
i-55 
t-11 
{-01 
-14 
k00 
1-26 
+5J 
+76 
t.10 
i-08 

--a7 

29. 
30.6 
29.7 
20.6 
17.3 
17.6 
22.3 
33.2 
30.3 
32.5 
19.1 
24.n 
:I 6 .2 
16.1 
34.1 
29.2 
44.8 
16.6 
21.4 
29.1 
27.0 
27.9 
14.2 
22.7. 

49.6 
25.9 
17.0 
17.0 
18.Y 
1.4.1 
i4.9 
25.: 
19.5 
60.3 
26.6 
27.6 
22.0 
18.3 
16.3 
18.0 
2 4  5 
78.0 
2'7.8 
27'9 
12.8 
21.2 
12.6 
i9.4 
10.4 
(7.0 
?0.7 
!5.8 
t8.5 
-5.3 
-5.3 
t1.8 
t2.4 
11.2 
il.8 
2.6 

Q 

0.394 
0.384 
0,498 
0.978 
0.904 
0.934 
0.718 
0.314 
0.359 
0 3 9 7 
0.770 
0.605 
0.908 
0.912 
0.257 
0.426 
1.002 
0.995 
0.648 
0.457 
'3.482 
0.547 
0.949 
0.860 
0.324 
0.790 
0.544 
i .004  
0.944 
0.380 
0.992 
0.916 
3.491. 

0,953 
0.508 
0.529 
0.672 
0.868 
0.898 
0.9 0': 

0.764 
li ,446 
0.436 
1.003 
0.828 
0.904 
3.950 
9,791 
3.994 
3.992 
1.479 
3.482 
1.981 
1.945 
3.738 
1.994 
j.984 
I. 7 8 1 
1.510 

- 
Q 

2.321 
2.57f 
4.31: 

.24f 
"31: 

2.56; 
2.52: 
2.49: 
2.19: 
4.12f 
2.09: 
2.27t 
2,251 
2.00( 
2.182 
2.374 
2.2% 
2.4li'i 
1.62i 
2,61: 
2.15; 
3 , .-, c * 

4.5' 

1.88: 
2.26: 
2.46: 
2.47: 
2L.115 
2..24( 
.?-.IT( 
?.O% 
2.442 
1.79; 
1.72( 
1.814 

25.36f 
2.294 
2.675 
2.33E 
2 d ' 2 L  

2.294 
2.205 
2.679 

34.087 
1.976 
4.984 
2.008 

3.428 
2.352 
2.442 
3.322 
2.120 
1.7RC 
2.540 
4.264 
2.478 
2'441 
2.855 
2.851 
2.883 
0.756 

I 4.) Y 

2.585 

0.822 

0.884 
0~556 
0.606 
0.636 

.714 
0.372 
0.828 
0.904 
0.620 
0.732 
0.596 
0.546 
0.834 
0.818 
0.562 
0.578 
0.598 
0.826 
0.776 
0.831 
0.495 
0.618 
0.861 
0.680 
0.268 
0.530 
0.763 
0.659 
0.594 
0.486 
0.708 
0.594 
0.975 
0.774 
0.802 
0.685 
0.659 
0.607 
0.589 
0.624 
I .336 
0.755 
0,783. 
0.452 
8.680 
0.736 
3.594 
3.667 
3.567 
3.532 
1.782 
3.8iO 
1.768 
1.61 9 
3,688 
3.649 
1.643 
1.892 
3.324 

0.850 

i 

5.6 
0.3 
9.1 

26.5 
10.5 
14.3 
9.e 

12.6 
3.4 

12.3 
4.C 
2.1 
5.2 
8.1 
8.8 
4.E 
6.8 

15.E 
10.E 
10.1 
1.2 

13.1 
2,2 

24.F 
8.2 
3.8 
3.2 

18.4 
4.E 

20.C 
3.3 
5.2 
3.E 
2.E 

212.8 
6.G 

13.0 
1.8 
9.3 
2.8 

14.9 
28.3 

149.5 
2.7 
4.6 
1.0 

17.8 
25.0 
22.0 
11.6 
17,8 
27.6 

1.6 
11.2 
0.8 
2.7 

12.4 
29.8 
48.7 

6.6 
4.0 

I_ 

W 

289.6 
109.1 
93.4 

164.7 
40.3 

148.8 
70.8 

298.4 
114.4 
105.4 
66.9 

266.3 
221.7 
42.3 

306.1 
106.0 
174.6 
194.0 
267.4 
282.0 
101.4 
90.5 
33.4 

128.1 
117.7 
62.5 

274.8 
194.2 

32.8 
156.3 
197.3 
209.5 
284.5 
77.7 

154.5 
278.2 
274.2 
259.8 
228.5 
39.7 
43.1 

174.5 
238.0 
285.8 
107.0 

8.0 
234.4 
218.1 
104.6 
58.4 

184.5 
171.4 
183.8 
98.7 

190.8 
!OO.O 
248.6 
183.8 
191.1 
108.8 
189.0 

335.2 
160.4 
160.8 
356.1 
167.3 
349.0 
183.9 
15.2 

177.3 
174.5 
200.7 

13.8 
23.6 

206.0 
23.8 

201.0 
26.4 
53.3 
41.4 
40.6 

223.6 
222.7 
235.7 
56.0 

232.4 
233.2 
86.4 
75.1 

276.2 
105.1 
114.3 
150.8 
112.2 
289.9 
134.9 
159.4 
131.6 
146.6 
169.2 
355.5 
344.8 
170.3 
169.4 
179.6 
354.8 
350.1 
189.6 
190.0 
232.8 
27.4 

198.6 
104.6 
L96.4 
25.7 

203.1 
124.9 
201.2 
201.9 
107.3 
32.3 
37.4 - 
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Table 1 - continued. - 
Nr 

59 
60 
61 
62 
63 
64 

65 
66 
67 

68 
69 
70 

_. 

71 
72 
7 3  
74 
75 

76 
77 
78 

Stream 

7-Ari 
E - P S C  

K-Dra 
& - A m  

Cam-Lep (N) 
Cam-Lep (S) 
w-Tau 
(-Leo 
p-Arf (a) 
p-Ari (b) 
E-Eri 
v-Tau 
S-Ari (N) 
6-Ari (Q) 
S-Ari (S) 
Hya-Cnc 
<-Tau 
v-Cet 
+Tau 
Gem (N) 
Gem (S) 
y-Tri 
a-Aur 
Cam 

p-And 

Date 

X 25-XI 11 
X 26-XI 27 
X 27-XI 10 
X 31-XI 3 
XI 12-22 

X I  12-XI1 8 

X I  13-29 
XI 15-20 
X I  17-29 

XI 18-28 
X I  21-29 

XI 22-XI1 21 

XI 30-XI1 7 
XI1 1-27 
XI1 9-14 

XI1 11-22 
XI1 14-22 

XI1 15-1 1 3  
XI1 19-31 
XI1 26-29 

- 
t2 

- 
52 
17 

192 
93 
17 

115 
91 
58 

153 
38 
44 
52 
67 
53 
55 
61 

121 
82 
39 
71 

113 
113 
40 
85 
90 

1_1 

Q 

0.334 
0.871 
0.984 
0.439 
0.854 
0.566 
0.658 
0.557 
0.981 
0.794 
0.834 
0.825 
0.418 
0.766 
0.786 
0.788 
0.253 
0.523 
0.930 
0.743 
0.175 
0.121 
0.932 
0.694 
0.760 

____ 

- 

- 
a 

2.168 
2.866 
2.886 
6.634 
1.824 
0.794 
0.898 
2.454 

16.210 
2.608 
1.294 
1.380 
2.443 
1.826 
2.440 
1.982 
113.8 
2.185 
2.385 
2.125 
1.592 
3.464 
2.292 
2.365 
2.096 
P 

- 
e 

0.841 
0.668 
0.656 

0.522 
0.287 
0.266 
0.750 
0.820 
0.694 
0.350 
0.398 
0.828 
0.560 
0.671 
0.591 
0.999 
0.756 
0.608 
0.636 
0.889 
0.965 
0.582 
0.700 
0.636 

~ 

0.968 

- 

- 
1 
- 

5.2 
1.4 

70.6 
113.0 

13.8 
16.1 
12.7 
3.8 

162.6 
5.3 
0.4 
8.4 
2.9 
4.2 
1.2 
5.8 

127.9 
4.0 
3.0 
4.4 

24.4 
22.3 

4.7 
11.2 
21.8 

II__ 

2. In 14% of all cases we have detected N-S or N- -§ branches. This means that among 
fireball streams the phenomenon of branching occurs twice as frequent as compared to 
minor meteor streams. In some fireball streams we have found two or three groups of 
orbits which are not branches in the sense above, but suggest the presence of similar 
features and are thus interrelated. Sometimes we deal with streams of a more complicated 
structure which are rather a system of separate minor streams than one stream. 

3 .  As for minor meteor showers, ecliptical and nearly ecliptical fireball showers have as a 
rule a large area of radiation, probably larger than that of the ordinary meteor showers. 
Similarly to the latter showers, the area of radiation of some fireball showers has the shape 
of a strongly elongated ellipse with the center on the ecliptic and the big axis perpendicular 
to it. 

4. Analysis of the Geminid fireballs shows that the Southern S branch of the Geminids does 
really exist (if we call the known stream the northern N branch). We could show this using 
the observations by Kres&kovA [6 ] .  ([TI) 

5. The comparison of the detected fireball showers with minor meteor showers of the author's 
catalogue [3] and with the populations of large meteor bodies producing meteorites [8,9] 
has shown that 57% of the fireball streams are associated with meteor showers, and that 
51% contain bodies farming meteorites. Some of the streams only consist of meteor bodies 
producing meteorites and do not show the presence of smaller meteor bodies. 

6. The investigation of the connection between the population of bodies that produce fireballs 
and other minor bodies in the solar system using statistics of the Tisserand's constant (for 
Jupiter 3s perturbing planet) has shown that 60% of ordinary fireballs can be associated 
with comets and the rest, 40%, with asteroids. Among the fireball population of bodies 
that produce meteorites, more than 80% can be associated with the asteroids of the Amor 

with asteroids of the Aten group, and less than 15% with asteroids of the Apollo 
t about 8% of the bodies producing meteorites as well as 15% of the asteroids of 
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coniets of the Jupiter group. Thus 
reball streams which we have 

meteor streams of cometary origin, 
s of asteroidal origin. It might be 
can be representatives of different 

nary fireballs, asteroids (mainly of 
meteorites or meteor streams, 
alk, and large bodies, including 

the Arnor type), large meteor 
asteroids of the Aten; ApoTlo 

s, and, more rare1 

etwork fireball data (1971-1984)”, IAU 

fireball data (1963-1975)”, IA  U 

, 1966, pp. 62-132. 

henomena in the Earth’s 

R.M. West, Ed., 1983, 
pp. 339-4104. 
A.K. Terentjeva, Pis ’ma Ast~on,,.  . 3 ,  1989, pp. 25 

__- ___ ~ __.____. 

The preseat paper describes an  i n t e r n a l i o d  program of expeditionary field work in the region of the Tunguslta 
meteorite fall for the sulilmer of 1990 and IW!. 

The projected work in the region of the fall 06 the Tunguska meteorite like that in the previous 
years will consist of three parts anid will develop in three principal directions: 

__.______ _______I_ .____-___ 

1. continuation of investigation in the iields of physics of the Tunguska explosion; 
2. search for the substance of the Tunguska cosmic body; and 
3. investigation of biological aftereffects of the ‘Tunguska catastrophe. 

Besides, in connection with the appearance in press reports on deviations from normal course 
of time (A.V. Zolotov, 1987) allegedly taking place in the region of the Tunguska explosion 
epicenter, a corresponding check-up of t icateed data should be carried out. 

of the year 1908 for the purpose 
of determining cctrately will be continued. Investigations 
on the zonality of the forest fire of 1908 for the purpose of obtaining information on regularities 

Vice-chairman of the Cornmission of rneteoyites and cosmic dust of the Siberian Branch of the USSR 

Consultant IAU Commission 22, Toinsk State University. 
Academy of Sciences. 
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and mechanisms of spread~ng the fire squall s ould be carried out. Special attention will be 
paid to the construction of a map of precatas ophic forest fires which could have exercised a 
serious influence on the stability of large tracts of forest against the blast and consequently on 
forming the outlines of the region of uprooting of the forest, caused by the Tunguska explosion. 

2. Search fo teQ~ite  
This includes the fo l low~~g directions: 
2.1. Defining the borders of the iridium anomaly which was formed in the first ten year period 

of the 20th century in the region of the catastrophe. With this purpose in mind, it is 
planned to select t eat at different distances from the epicenter 
of the explosion w r determination of the contents of iridium, 
platinum, ruthenium, palladium, and r 

2.2. In case the expedition has an international character, it is necessary to plan a selection of 
analogous columns of peat in Northern Canada as well as taking drill cores from strati- 
fied ice on glaciers of Greenland and Antarctica, with the purpose of analyzing them on 
platinoids. Carrying out investigations of that kind is necessary in connection with two 
points: firstly, in connection with Ganapati’s reports (1985) concerning the presence of the 
iridium anomaly of 1 08 in Antarctica, and, secondly, in connection with the publication 
of the data of G.A. Nikolsky et al. (1988), on the destruction in the Earth’s atmosphere 
of one more large meteorite supposedly of iron-nickel Composition in May 1908. If the 
iridium anomaly of 1908 is indeed connected with the fall of the Tunguska meteorite, then 
there must be a gradient in the anomaly from the region of the catastrophe (the basin of 
the Padkamennaya Tunguska) towards the periphery. If, however, the iridium anomaly 
was caused by the Aleutian bolid of May, 1908, the maximum anomaly must be found in 
Canada and Alaska. The same is true if the anomaly is not of a cosmic origin (which we 
do not exclude) but is caused by the activity of the volcanoes Katmai and Iczudach in 

2.3. Determining the outlines of the isotope a n o m ~ ~ y  in lead, carbon and hydrogen in peats of 
the Tunguslca region, described by V.M. Kolesnikov. For this purpose of 20-30 columns of 
sphagnum peats will be selected. Similar peat samples have to be selected and analyzed 
from the contml regions of the Western and Eastern hemispheres, especially in the regions 
rich in natural gas and oil, in order to exclude confusion with anomalies connected with 
migration in biosphere of “dead” hydrocarbons. 

2.4. Search of finely dispersed components of the Tunguska meteorite in silts and other bottom 
depositions of bogs and lakes of the region of the catastrophe. The search must include 
the selection of stratified silts and their analysis on the content of nickel, cobalt, platinoids 
and other markers of cosmogenic aerosols. 

2.5. Carrying out echo ranging of the bottom of the Southern bog above which the explosion 
of the Tunguska meteorite took place, with the purpose of revealing possible local distur- 
bances of its bottom relief (search of the impact sinks connected with the fall of sufficiently 
large parts of the meteorite). To this end, a rather portable echo ranging equipment not 
heavier than 15-20 kg with self-contained power supply must be designed, fit for use in 
field conditions on a boggy place (work on a floating mat of a mire). 

stratified columns of 
subsequent layer by 1 

19 07-1 9 12. 

3. I i ~ ~ e s t i g a ~ i Q ~  o 

This includes the following directions: 

3.1. A search in the region of the epicenter €or mutations in the most widely-disturbed species 
of plants, determining their frequency of occurrence and mechanism of origin. The work 
must be carried out first and foremost within the regim of increased mutations of pine 
trees in the epicenter zone, described by V.A. Bragavt ;ev et al. (1976-1980). 

1 ogic al aftereffects 
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3.2. Looking for a n a b  ous effects in micro-organisms an other biological species ecologically 
bound to the region of the catastrophe. 

S 

Besides field work and laboratory investigation of materials requiring modern highly sensitive 
equipment (devices necessary for mass-spectrograpby., laser spectrography, and neutron activa- 
tion), it is advisable to include in the rogram of the international permanently functioning 
expedition on ~ n ~ ~ ~ s t ~ g a ~ ~ n g  the Tunguska meteor1 te: 

Finding scattered information referring geophysical anomalies during the summer of 
1908 in various parts of the terrestrial gl ~ This information first of all deals with “light 
nlgh‘cs” and “particolored dawns”. as we13 as with falls of meteorites and flights of bodies. 
This materia? did not undergo a systematic search. In the USSR, provincial newspapers 
of Europe arid? more so, of the !Vestern 

0 Finding and analyzing other aicbivai materia?.; concerning the year 1908 and containing, 
possibly. e.;sential information on geophysical events of the Summer of 1908. Rather 
expedient is, in particular, a search an an analysis of archival materials of Sharco and 
Shackleton’a expeditions which t 

0 Checking up the information on t zilian counterpart of the Tunguska meteorite whose 
fall, according tc; some information, took place in 1931 in the upper reaches of the Ama- 
z0n.l For this purpo . it would be desirable to carry out a corresponding analysis of 
periodicals edited in a d  in 1931. reports of missionary service, which are the source 
of this information, a unts of meteorological and geophysical observatories and stations 
functioning at that period in 
Special analysis of periodical ay, 1908 with the purpose 
of checking up the story about the destruction of a large bolid in the region of Aleutian 
Islands around May 17. 

emisphere, India and Africa, are absent. 

e at that time near the coast of Antarctica. 

anada and Alas 

According to  some sources, an impact similar to the Tunguska event of I908 has taken place in 1931 in the 
upper Amazon region of Brazil. This possibility is discussed. 

The questions about the nature of the Tringuska meteorite are not answered up to now. Any 
progress in this fie1 is problematic since the Tungmka event is unique. Therefore it is impossible 
to examine it using methods of comparison. Comparison of the Tunguska explosion with 
explosions and destructions caused by other fireballs or meteorites, such as the Revelstolse 
meteorite, i s  unrel ble, since the energy of t81ie Tunguska event (1018-1019 J) exceeds the other 
ones by several or IS of magnit’ude. Consequently: comparison would be incorrect. 

See the ~ o l ~ # ~ j ~ ~ ~  article in this issue of 
Vice-chairman of the Commission of meteorites and cosmic dust of the Siberian Branch of the USSR 

Consultant TAU Commission 22, Tornsk State University. 
Academy of Sciences. 
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In connection with this situation we would like to draw attention of the international astro- 
nomical public to the following. In 1931 the famous Soviet meteorite-scientist L.A. Kulik, who 
was the first researcher to examine the Tunguska meteorite, published a note entitled “The 
Brazilian twin of the Tunguska Meteorite” [l] in Priroda i Ljudi (which is Russian for “Na- 
ture and Men”), a popular scientific journal. The article included information originating from 
catholic missionaries published in some European newspapers (for example, the Dayly Herald of 
G March 1931) concerning a remarkable event of cosmic nature occurring at  the upper Amazon 
region in Brazil. 

These data led to the conclusion that in the early 1930ies an event of cosmic origin occurred 
at the upper Amazon iver which was comparable with the Tunguska catastrophe of 1908 to 
a certain extent. One should assume a similar explosion and therefore also a similar forest 
devastation. Unfortunately, there was no check-up in due time, and forest destructions were 
not verified until today. Attempts of the Commission for Meteorites and Cosmic Dust of the 
Astronomical Council of the USSR Academy of Sciences in the 1960ies did not come to an 
end. 

To our opinion nowadays all conditions are present to get a clear answer to the question of the 
existence of a Brazilian twin of the Tunguska meteorite. Especially the support of our colleagues 
in Brazil is requested since they have easy access to  Latin American periodicals. The collection 
of information regarding the Tunguska event shows that many regional newspapers and journals 
include a substantial fraction of the data about exceptional natural phenomena. 

Bearing in mind possible similarities of geophysical effects and accompanying appearances be- 
tween the Tunguska event and its Brazilian twin, there is a special interest in seismograms and 
barograms of observatories which were working in the 1930ies. Probably such registration may 
provide the precise date of the Brazilian event. 

Furthermore, it is necessary to check chronicles of missionaries. They may have survived in 
certain archives. Although the event happened more than 60 years ago, it is possible that 
witnesses among the Indians are still alive, or that the phenomenon has been included in the 
folklore. In this respect a collection of such material (as songs and tales) is of importance. 

The research for the razilian twin of the Tunguska meteorite may also lead to a cooperation 
between scientists of the USSR and Latin America as well as with scientists of other countries 
who may contribute with valuable information. If the region of the explosion would be identified, 
we would like to organize a common Brazilian-Soviet scientific expedition in order to apply 
research methods used for 30 years in the region around the Tunguska site. 

The Commision for Meteorites and Cosmic Dust of the Astronomical Council of the USSR 
Academy of Sciences asks all colleagues, scientific organizations and those who are interested 
to contribute any information about the “Brazilian twin” or to participate in comparisons of 
the given event with the Tunguska fall, to write to: 

~ h a i ~ a n  of the Tomsk Department of VAG’O, 
Astronomical observatory, Tomsk State University, 
634010 Tomslc, USSR 

Beyond any doubt, international cooperation will help to make progress in the research for an 
import ant nat ur a1 p henornenon. 

Refer e 11 c e 

[l] L.A. I<ulik, ‘The  Brazilian twin of the Tunguska metec>rite”, Priroda i Ljudi 13-14, 1931, 
pp. 6-11 (in Russian). 
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The paper deals with the analysis of r&ar observations of the Perseid shower during the period 1964-1981. A 
m a t h e m a t i d  model of the stream structure is constructed and the possi le conditions of the Perseid origin and 
evolution are investigated. 

The radar observati.ons of the 
I Institute of th 

Parameters of e equipment as 

etesr sheam made in t e lonospherical laboratory of 
ciences from 1964 to 1981 are analyzed. the Astrophysi 

Table 1 - Main char s of tohe receiving-detecting equipment 
is a rombic aerial where Ba i s  
rombic side length (m),  and 

uring observations. Explanation 
a!f of the obtuse angle of the rombic aerial 
is the altitude (m) of the aerial above the 

Earth; Cl-kP is a broadside aerial wit,li R reflector, n is the number of levels, and I< is the 
number of side wave vibrations in every level; C Y A - I ~  is the minimum linear electronic train 
density calculated by the Eovell-Klegg formula; X is the wa gth; U is the echo altitude 
above the horizon; and Zn is the zeizith angle of the strea 

Year 

1964 
1965 
1967 
1968 
1971 
1973 
1934 
1975 
1 9'76 
197 I- 
I981 

Date 

iAug> 

11--13 
07--15 
10-18 
1% 
12 

09-15 
13 

0%-13 
07-16 
09--16 
09-15 -- 

~ 

ype of aerials 

detecting ~. receiving 

QA - I< 

3.25 

2.0 
0.8 
0.5 
1 .o 
1 .Q 

8.4 

X 

(m) 

17 

15 
15 
15 
15 
15 

15 

P 

u 
(MKV) 

7.65 

2.25 
2.25 
2.25 
2.25 
2.25 

5.0 

Echo direction 

A 

900 

270' 
270' 
270O 
270' 
270' 

- 

h 

23' 

27' 
3 3 0  

J3O 
1 4 O  
27' 

ZR 

The Perseid stream meteor rates have been deterxr.ined by the uctuation method 113. Analysis 
of the integral disdrihution of the stream meteor rate showed t at the position of the apparent 

s in different years, i.e. the stream's nodal position is continually 
t is real, then the expla,na,tl of the apparent nodal "regression" in 

plex structure of the Perseid st,re [Z]. In fact, if there is narrow central 
condensation, then the position of the apparent max rn in the current, year will depend on 
t'he orientation of e stream's true node an t,he geographical meridian, as is the case for 
the Quadrankids. can find it only for observations over a long 
period of t h e .  According to .8 k 2.7) x per year. We show 
that the Perseids' no y small and amounts t , ~  only 2 x per 
year, taking into account p!aaeta,ry pert'urbatloiis for the last 15 000-20 000 years. Since the 
narrow central condensation has been observed for about a uryl we may conclude that the 
stream's compact part has sprea,d over the entire orbit and t it is smaller than lo in solar 
longitude. Consequently the thickness and width of this part are at most 0.016 AU and 0.0028 
AU respectively. 

Tomsk State University, USSR 
Institute of Astrophysics, Dushanbe, USS 
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The mean value of the solar longitude for the observed maximum rate is equal to 13900 f 002 
for all considered years. It agrees beautifully with data of many past years. It is necessary 
to note t,hat the maxima for different echo durations between 1 and 20 seconds (i.e. different 
particle masses) coincide. 

I I 1 I I 1 

n 

0 
N 

r- 

Figure 1 - (a )  Individual values and smoothed curve of the mass distribution index. ( b )  
Integral flux density Q g) (km-2h-1) and inass index S versus solar lon- 
gitude (1950.0). ( c )  Int,egral flux density Q(rn) for rn = lo2,  loo,  and loe4  
g versus solar longitude (1950.0). 

For stream meteors with radio signal duration in the scope of 0.7 to 5 ( 7 )  seconds, the value of 
the mass distribution index S was determined. About 80 determinations are plotted in Figure 1 
(a) as a function of the solar longitude (1950.0). The standard deviations on S are given day by 
day for the year 1965, and a formal average of all mass index values is made. It should be noted 
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that the standard deviations in S for t n for the Geminid or 
Quadrantid meteor streams [4,5]. §(A@) is caused by a 
systematical mass index increase stical reliability of the 
fact which we not increase in Six,) of about 
0.01 per year for 1 longitudes. This inc y ejection of mainly small 
components from the comet’s . The mean minimum 
mass index value is equal to 1. 198 1 the analogously 
reduced values were 1.8 and 2.0 respectively. 

We found the Perseid flux density el’kovich method 1161. The 
physical model of the meteor phenomena icle density of 0.3 gcmw3 was 
taken. For rn 2 IQm3 g, Figure 1 (b) gives m, A,> obtained by averaging 
individual values with a step of about 007 in solar longitude. Since our main aim is to study the 
global structure of the Perseid stream, one has to  remember that possible additional maxima 
in the averaged curve Q(m,Ao) (for exam at A 0  = 137” could not be noted. Figure 1 
(b) shows that the flux density maximum 10-3) = 3 x 1 -3 particles km -2h-1 coincides 
with the one for large partic . For rn 2 g the stream width at half maximum density 
is 108. The integral values m)  in the mass range of 10-4-102 g are plotted in Figure 1 
(c).  From this figure, it follows that the displacement in the particle mass variation is absent 
in the Perseid stream distinguishing thiq stream from the Quadrantids and the Geminids. 
The flux density has sing visual data B.U. Levin [2] obtained 

to D. Hughes [3] Q(10-3> = ( 3  z t  0.5) x earn’s maximum ( S  = 1.85, ,\a = i38’); 
Q(10-3) = 3 x and S = 1.58 was obtained in Tomsk [6,8] from the rough results of radar 
observations in 1965. Thus our results are in good agreement with the calculations [2,3]. 

On the base of obtained flux density values and mas(; index we made estimates of meteor matter 
influx on the entire Earth during the Perseid activiky. For the mass range lQ-5-103 g, the total 
influx amounted 0.42 ton 50% of which fell for A, between 138’ and 140’. 

To calculate the total number of particles in the stream. and the stream mass we derived 
the equation of the arth’s path projection on the cross section plane at  the node and the 
flux density distribu n of the difTerent masses along this projection. Studying these data 
we discovered that the flux density distribution was asymmetrical with respect to the mean 
orbital plane. This means that the areas between equal den lines above the mean orbital 
plane are greater than the analo bebw it. Allalysis wed that this asymmetry also 
followed from phot a h .  The an,@ be n the projection of the Sun’s 
directiol-2 and the s ce the gravitational and non- 
gravitational forces could not have caused this ssible explanation lies in the 
features of the stream formation. The estimate of t of particles intersecting the 
cross section of the Perseid stream at the node wa  egration of the flux density 
with the help of the method in [$I. For the masses from. to l o 3  g the particle flux through 
the cross section amounts to 1.6 x 10” particles per Iisur. The total number of particles in the 
stream is 1.7 x 10’’ and the stream mass is at least 1.4 x 

Usually, the Perseid stream formation is associated w dh the decay of comet 1862 I11 P/Swift- 
Tuttle. Taking into account the orbital size, m e  may assu e that the decay of this comet was on 
the whole occurring at perihelion. It should therefore be pected that this area is the common 
intersection region individual meteor orbits. From a,nalysis of 356 photographieal meteor 
orbits we calculate ecliptic coordinates of this area A, = 8404 =t 405; pc = 6205 k 107; 
rc = 1.51 =t 0.09 AU; the true anomaly equals v, =I 28401 =t 404. These data confirm the 
hypothesis of the Perseid formation by means of cometary decay on a rather small part of the 
orbit. 

As a result of the rocessing of photographic catalogues the following stream mean orbital 
deviations from the met 1862 111 orbit were derived: a =Z I.G=ti; AU, Ae = 0.0030f0.0996, 

is not great, we nevert 

een hound by some authors: 

at the 
~ ( 1 0 - 3 )  = 3.1 10- in S = 2 and A, = 139’ or = I x I O - ~  in s = 1.7; according 

is of the Cross S 

g. 
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Ai =: -00’7lf109, AR = -0005f2040, Aw = -203f308. Using the modern values of the Earth’s 
path length in the stream and the theory [9], we determined the upper standard deviation of 
the orbital elements A u  5 0.3 AU, Ae 5 0.00025, Ai 5 004, Am 5 205. As one can see, 
they are essentially smaller than the observed values. Analysis showed that the large variations 
were the result of the application of the two-body problen; algorithm in the orbital elements 

Figure 2 - Variations of the orbital elements of comet 1862 I11 P/Swift-Tuttle for up to 50000 
years ago. For more explanations, please refer to the text. 

The individual orbits must not be used for the solut,ion of the problem of the Perseid formation 
and evolution. So first of all we considered the comet orbital evolution and selected the favorable 
moments for its decay. 
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Figure 2 gives the results of the calculation of the comet’s orbital evolution by the Alfan- 
Goryachev method [lo] under the following conditions: ( a )  the orbits of the disturbing planets 
Jupiter, Saturn, an Uranus are not varying (full line); (b) €or these perturbations only the 
first order secular terms are taken into account (dotted h e ) ;  (c) the same as in (b),  but 
the perturbations due to Neptune are added (open dots); (d) the same as in (c), but the 
perturbations due to the Earth are added (crossed line); and (e) the same as in (d), but the 
periodical perturbations are taken into account by numerical methods at the moment of close 
approaches (triangle$ line). 

Figure 2 shows that the comet’s evolution depends essentially on the integration conditions. 
Analysis shows that the main evolutionary transformations of the comet were caused by close 
approaches to Saturn (the first approach was as near as 1.07 AU in 1859.9, and then every 33 
revolutions) and a catastrophical approach to Jupiter 25000 years ago. Let us note that the 
paper [Ill on the orbital evolution of comet 1862 I11 is not quite exact. 

Discussing Figure 2, we conclude that from a physical point of view, the decay of cornet 1862 
111 was more intense at the primary life period of the comet moving in the modern orbit, i.e. 
25 000 years ago. One should pay great attention to the secular changing of the true anomaly 
v, of the “common point” of the Perseid orbit crossing. One can see that at the moment of 
approach to Jupiter, v, = 15Oo-18O0, irrespective of the integration conditions. This means 
that in the decay near perihelion the modern coordinates A, and /3, are opposite to the true 
ones. 

In order to determine the decay velocities from the comet surface the various decay types 
(directed, isotropic, with different distribution of velocities and mass) were simulated. But 
none of them satisfies the necessary deviation signs of both the comet orbital elements and 
the elements of the stream mean orbit and the modern orbital elements and the Earth’s path 
length. Agreement with these data is possible only under the following conditions: 

( a )  after the ejection practically all the particles passed through the sphere of influence of 

( b )  a collision kind of comet decay occurred near aphelion 20 000-25 000 years ago. 
Jupiter (25000 years ago) or Saturn (10000 to 12000 years ago), and 
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s is Real! 

An overview is given s f  Crimean ~ ~ ~ ~ ~ v ~ ~ ~ ~ ~ s  of the I9 
maximum. 

rming the existence of a double shower 

From August 1 e Perseid shower. The 
observers were ty  and of the Crimean 
branch of the All- 

Figure 1 - Astronomical school observatory in L’govskoye. Excellent obser- 
vations of the 1989 Perseids were carried out here, 

Figure 2 -- Group of observers of the Crimean Ama eur Astronomical Soci- 
ety during i ~ ~ e ~ e ~ r  expedition i x .  111 fo the study of the 1989 
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Observations were carried out Q 

Young Technicians’ Station, on the 
meteor station in Sudak, on the 
see Figure I), on the tourist ca  

In total, 5150 meteo, rs were recor 
observers were: 

tory of the Crimean 
(Simferopol), on the 
skoye (East Crimea, 

s. The most experienced 

utko, 111. Kitin, V. 
gova, and S. Niko- 

Three groups of observers counted erseids over the entir besides this, the East was 
checked by three to four experienced observers. recorded in the night of 
August 12-13: 258 meteors were regktered in Sianferopol (limiting magnitude between 4.8 and 
5.8), 196 of which were Perseids. In Sudak, 560 meteors were registered (352 Perseids), and in 
L’govskoye 721 meteors of which 568 Perseids, 

A. Levina, A. Grishchenyuk, V. artynenko, S. Zhitelze 
Glinka, D. Sukhov, E. Bykova, M .  Groznov, 0. Bubnosk 
layev. 

Figure 3 - Crimean meteor expedition nr. i:@ (July 1989) for the study 
of a-Zyricls and ather shon7ers. I I ie  picture shows a training 
“observation” . 

One of the shower peculiarities this year was a lack of bright meteors. At the nights of maximum, 
August 11-12 and 12-13, the brightest meteors were OS magnitude -4 for all groups. One 
Perseid fireball of magnitude -5 to -9 was spotted oi? August 1 at 22”17m UT. It was seen 
from three points. 

Another conclusion is the brilliant confirmation of the sh.o.cver’s double maximum. Fast increas- 
ing rates were observed before daybreak on Augri WR reached 115) and again, after a 
decrease, before dawn on August 13. (the meax1 sed from 56-66 to 130; the highest 
values obtained were between 150 and 17’0). 

Probably most meteors observed in the US§ were seen at ha 2 13805 and A 0  2 139075. 
In the village of L’govskoye, the sky was mos close to standard conditions. The main group 
worked there. Observers at SimferopoI noted an abundance of Perseids of magnitudes 0 to 1. 
This was partially due to the illumination by the nidoon of the haze along the horizon. 

For the area with Z 5 3 5 O ,  the exponent of luminosity K ,  expressed in number of 
meteors per square meter and per second, was equal to  2. gust 11-12 and 3.12 for the 
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next night. This ex 8 :  

where N is the number o e 

Figure 4 - Participants of meteor expedition nr. 110 at the Astronomical 
Observatory in Sirrferopol. 

Figure 5 - Participantjs of the Csirnean meteor expedition near the school 
observatory in L'govskoye. 'The lefttmost, person is Anna Levina. 

The observers of the ex 
istics of the Perseid showe 
again. One such clot was 
Observers at Simferopol r 
out whether telescopic 

t h e  distribution character- 
ins, etc.) were found 

n area to try to find 
r whether they are located on a 
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particular spot of the total radiation area. 
tlo decide this matter. No telescopic radiant coinci 

ary results thus far do not yet allow 
ain one. More details will be 

given in another paper. 
7 

ioo 

60 

60 

40 

20 

0 
I 

I 
X H R  

I 

Figure 6 - Averaged ZHR-curve (1) and nh>2 for Perseids brighter than magnitude 2 for Au- 
ggst 11-13, 1989. For this peri&, the same data are given, using only Crimean 
observations ( 3  and 4 respectively). Increaqes if Perseid activity in 1988 and 1989 
coincide, indicating evidence for some stable features in the stream. 

Figure 6 shows the mean ZHR-profile as estimated after preliminary data from Crimean ob- 
servers. All other USSR data were not yet available for analysis so far. 

- 
The incidence of meteor occurrences in Crimean observations of the erseids and the Geminids is compared to 
a Poisson distribution. It is concluded that meteor groups existed for the Perseids in 1972 and 1980-82. but 
not for the Geminids. The difference between both streams is attributed to their different particle structure. 
It is also suggested that groups occur as a consequence of disintegration of particles under influence of solar 
radiation, thus implying a correlation between the occurrence of meteor groups and the solar activity. 

In spite of intensive studies of meteors by visual and radar methods [1,2,3] the problem of the 
existence of groups of meteors is not solved so far. bservers note unevenness in meteor 
appearances [4,5]. This might be explained by il distracting the attention to bright 
meteors, tiredness of the observer, etc. On the ot e hypothesis of the existence of 
groups of meteors in a shower can also be proposed ppearance of a meteor can be seen 
as an accidental phenomenon, then the appearances should then be described as a Poisson law. 
The problem is then reduced to the comparison of observations and calculations. 
The data of homogeneous series of observations, organized by the Grimean Meteor Station 
under direction of V.V. Martynen , were used for analysis. A group of experienced observers 
recorded meteors in a sky area ut 100' in diameter. Only observations carried out in 
cloudless intervals and under identical sky conditions (limiting magnitude between 6.2 and 6.5) 
were used for processing. 
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The number of unit time intervals in 
theoretical Poisson ~ ~ r s t r ~ b ~ t i o ~ ,  

rs appeared is, according to a 

where X = N / T ,  wit N the total nu 
average number of meteors seen per u 
observation can then be checked using 
As an example, we show in Tab1 

e total observing time, and X the 
greement between theory and 

st 12-13, 1982 were processed. 

Table 1 - Corn 

The total number of Perseids in Table 9 is N I- 2 
minutes, whence X = N f T  = 1.63. 
minute time intervals in which k meteors were 
number, predicted by a Poisson distribution, 
of xz is computed. The val 
5 intervals in one class). T 
the value of x2 corresponding to a sig 
admitting the hypothesis xz 2 x: wit 

bserving time is T = 180 
observed number of one 

corresponding theoretical 
rnn of Table 1, the value 
significant data (at least 
= 3 degrees of freedom, 
= 7.8. It corresponds to 

Perseids Geminids 

N 

331 
172 
171 
264 
150 
148 
180 
128 
125 
130 
240 
264 
258 
239 
101 
103 - 

X ?  

27.9 
19.0 
5.2 
3.1 
6.5 
6.4 
4.7 
3.8 
1.7 
3.8 

11.9 
7.9 
9.7 

12.8 
3.6 
3.7 

Is_ 

X12 

.5 
7.8 
7.8 

11.6 
11.6 
7.8 
7.8 
6.0 
7.8 
6.0 
9.5 
7.8 
9.5 
7.8 
7.8 
7.8 

4 
3 
3 
5 
5 
3 
3 
2 
3 
2 
4 
3 
4 
3 
3 
3 

N 

104 
146 
223 
140 
111 
105 

2 
X O  

3.3 
2.6 
2.5 
2.8 
3.8 
1.6 
6.6 
2.9 
5.4 

X? 

7.8 
6.0 
7.8 
6.0 
7.8 
7.8 
9.5 
6.0 
9.5 

v 
- 

3 
2 
3 
2 
3 
3 
4 
2 
4 
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The results of the processin er of meteors used in the 
analysis, x: is the calculate ical value corresponding 
to a 0.05 significance level, and v is the n of freedom. From Table 2, one 
can deduce the existence of meteor gr f 1972 and 1980-1982; in 
the Gerninid shower, however, groups nce might be explained by 
peculiarities of the particle structure erseid particles are fragile, 
containing much gas and water, whereas e very dense, consisting of 
iron. A mechanism responsible for the ap eors in an interval of 60 to 
180 seconds can be based on the findin sintegration of particles 
under influence of solar radiation. The short time interval groups9 the so-called “chains”, can 
be explained by electrical forces in the ~ a g ~ e t o s p ~ ~ r e .  
Radar observations of the Geminids in 1981 [S] showed that 4-576 of the total meteor flux were 
grouped occurrences. This conclusion is very interesting and can be used for analysis of other 
showers. 
The comparison of the observed number of occurences with the redicted ones is very rough, 
and leads only to a qualitative result (there are e no groups), as opposed to 
the quantitative method suggested in [ 2 , 5 ] .  To conclude, it should be noted that the probability 
of grouped occurences is correlated to the solar activity, so that the appearance of the F’erseids 
of 1991-1993 should display even more unevenness. 
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Radio observations of the 1988 Perseids are presented and discussed. 

1. Iiitroductio 
Among radio observers, the 
occasion to a new observer to 
be detected with low sensitive equipme 
received : 

Luc Gobin (B), Maurice De Meyere 
tian Steyaert (B)s Public Observat 
MGbjerg Kristensen (DK), and In 

erseids are the best known meteor shower. It also gives the 
ake his first steps in radio meteor astronomy as this shower can 

dio reports from three different countries were 

), Dirk Artoos (€3): Chris- 
Wassenhove (B), Gotfred 

As a single observation can not be compared with others, only complete series of observa- 
tions were used in this analysis (listening several days during the same period of time without 
changing frequency an equipment set-up). Observations lasting less then 30 minutes were 
eliminated for statistic 
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2 a Qbservatio 

Some radio stations changed frequencies during the Summer of 1988. For this reason, the 
observations were not corrected for t e influence of the position. of the radiant with the so- 
called “Qbservability Function”, as this co undercorrecting which leads to 
incorrect results and interpretation. So all 

Figure 1 - LeB: radio observations by Maurice de Meyere at 66.17 MBz between 20h30m and 21h00m U T .  
Right: radio observations by Luc Gobin a t  66.17 R4Rz between 4h00m and shoorn UT. 

24 

22 

Figure 2 - Radio observations by G.M. Kristensen at 10 
in  July 1968. 

Several observers already listened in July. Their results are presented in the corresponding 
graphs. Some observers had troubles with disturbances and Sporadic-E. 

Begin August, most radio observers got into action. A lot of them listened during too irregular 
periods, too short periods or on different frequencies. These observations also have their value, 
but radio observations call only be compared if an observer listened several days during the 
same period of time (half an ho r is an absolute minimum) without changing his frequency a.nd 
equipment set up. Comparing observations of successive clays with different periods is scientific 
nonsense. 

Observations which satisfy at the stated conditions are shown. Several observers ha.d distur- 
bances due to Sporadic-E and local radio stations. Especially those who listened on the 3 
m band (87.50-108.0 z> had trouble. Some observers even stopped. On the 4 m band 
(65.00-73.08 M z> there were less distrrrbances. 
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a 
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Figure 3 - 1988 Perseid observations by (1 M. De Meyere a t  66.17 Bz between ghOOrn and 10hOO” U T ,  
and (right) G.M. Kristensen at z between 19”00rn 

Figure 4 - 1988 Perseid observations by G.M. Kristensen at 100.50 MHz between (left) 20”00’” and 21”OO”’ 
UT,  and between (right,) 21”00m and 221100’” U T .  

t a  f 17 17 I 

S0l;r (swo 19% 0: sr(a L m y A d a  (m loma) 

Figure 5 - 1988 Perseid observations by Ingo Reimann a t  105.60 MHz between (left) 22h00m and 23h00m UT,  
and between (righi) 23h00m and 24h00” UT.  

When one evaluates the observations of the Aquarids, no “real” maximum can be found. The 
activity fluctuates a lot,, with some peaks around July 27-29. Unfortunately, the amount of 
data (only tm7o observers) is too small to make a detailed activity profile of the 6-Aquarids. 

With the data of the 1988 Perseids we were able to calculate the maximum [l] of each series of 
observations. The results are shown in Table 1. 

There are some differences between the calculated maxima, probably because there are no 
common periods. The results were combined and this gives us the final date of August 12, 
2hQ3 i 6!2 ,  which corresponds with a solar longitude (1950.0) of A 0  = 139005 f- 0025. As this 
result is based on only six series of observations, it is quite possible that it might differ from 
the visual result. 

Remarkable is the fact that, again, Sporadic-E increased. As already mentioned, several ob- 
servers could not listen due to this phenomenon. Except for lightning and inversion, it is the 
only thing that ca disturb a radio meteor observation. It also confuses the unexperienced 
observer. Sporadi is caused by the activity of the Sun, and as it increases from month to 
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month at this moment, sooner or later every radio observer will have to deal with this phe- 
nomenon. When the activity of the Sun will be at maximum, decent observing will only be 
possible at  night, I an? afraid. 

Table 1 - Maxima of the 1988 Perseids calculated from radio observations. 

0 bs er v er 

M.  De Meyere 
G.M. Kristensen 
G.M. Kristensen 
G.M. Kristensen 
I. Reimann 
I. Reimann 

Period ( U T )  

09h00"-10h00m 

2Oh 0om-2 l h O O r n  

2 2h 0 om-23h0 o m  

19h00m-2Qh00m 

2 lh00m-22hQ0m 

23h00m-00hQ0" 

I Maximum ( U T )  

Aug 11 14hl6 f 4h22 
Aug 12 05h21 f 5h93 
Aug 12 03h38 f 2h77 
Aug 12 02h45 f 2h6l 
Aug 12 Q2h68 f 6h09 
Aug 12 08h32 f 6hOO 
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A1 as t ai r  Me B eat 

A brief review of work by JAS Meteor Section members in 1989 July and August is presented and discussed 
with especial reference to &he Perseid meteor stream. 

1. Introduction 

The early months of 1989 were marred for the UK observers by some indifferent weather 
conditions for the most part, but the summer brought far better skies. During July and 
August, 366.7 hours of naked-eye and 52.4 hours of photographic observation were possible, 
yielding 3134 visual and 10 photographic meteors. Observers were: 

Shaun Ankers (P), Thomas Banks, Roy Barclay, Neil Bons (P), Debbie Borrel, Walter 
Bradford, David Cameron, Andy Chapman (P),  Jeremy Drew, Le Forbes et al., Shelag 
Godwin, Petere Hallett, Mark Harris, Terry Holines (I?), Mike Hutchings, Sebastian Jay, 
Craig Johnson, Richard Livingstone, Lee hfacdonald, Julie Maginn, Tony Markham, 
Alastair McBeath (PI, Stewart Moore, Graham Pointer, Chris Reitter, Ian Rigney, Alan 
Smeaton (FRG), Adrian Tighe, Martin Trotter, Simon W r a g g ,  Malcolm Wright. 

Photographers are denoted by the abbrevia,tion "(P)", while all observers were UK-based except 
where noted. 

As usual, only reliable, good condition data were used fsom British sites in the analyses, which 
were carried out as detailed in [1], except for the sporadic C Rs, which were calculated as 
shown in [2]. The mean limiting magnitude was $5.8 and the mean cloud percentage 3% 
( F  = 1.03). 

Table 1 gives the showers under observation, together with the number of meteors available for 
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analysis after the normal reductions for conditions and observer inexperience. 

Table 1 - Showers observed and analyzed meteor numbers. 

Viable analyses were thus possible only for the Perseids and sporadics, though some tentative 
results were produced for the S-Aquarids too. Few S- uarids were differentiated into northern 
and southern components-a difficult task at  best e to the radiants’ low elevation from 
Britain-so only combined information for this shower is given here. 

2. Magnitude dist 

Table 2 presents the global magnitude distri utions f5r the Perseids, S-Aquarids and sporadics. 

Table 2 - Global magnitude distributions ofthe 1989 Perseids, &Aquarids and sporadics, as obtained from 
JAS observations. 

1 0  2 3 5 1 0 2 0 1 0  2 
2 3 16 44 65 144 203 107 36 

I I I I 

3. Meteor rates a 

- - - _ _  ---I- 

Figure 1 - 1989 Perseid activity as derived from the Y AS Summer observations. 

Figure 1 shows the Perseid activity graph derived from the 1989 August results, together with 
a plot of the mean sporadic CHR (10.4 f 0.6) during the month for comparison. Insufficient 
S-Aquarids were seen to allow a similar curve to  be drawn up for them. 

The mean peak Perseid ZHR on August 12-13 was 65-4 f 13.0, though some individual ZHRs 
suggested rates in the 75-80 range on that night. 



264 WGN, the Journal of the IMO 17:6 (1989) 

These are given for the Perseids and sporadics in Table 3, Overall, 33% of the Perseids and 6% 
of the sporadics showed persistent trains. About 6% of the S-Aquarids were also trained. 

Table 3 - Meteor trains seen by JAS observers. 

Sporadics 

4. Plzo t ographic results 
In 1988 summer, 31 meteor trails were recorded in 63.3 camera hours during the Perseid epoch, 
a capture rate of about one meteor for every two camera hours. In 1989, the capture rate 
dropped to only one meteor in almost 5.25 camera hours, despite the number of bright visual 
events being somewhat higher. 

5 .  Discussion 

In all, the Perseid and sporadic results show essentially the same features as were seen in 1988, 
though activity from much closer to the Perseids main peak was seen in 1989. In correspondence, 
some observers suggested that Perseid rates fell as the night proceeded, though this cannot be 
definitely confirmed from these results. Individual ZHRs from this night suggest a fairly stable 
level of Perseid activity on the whole, with neither the decreasing rates expected from the 
prediction in [3] nor the increasing activity forecast in [4] seeming to occur. 

The S-Aquarids are never easy to observe fully from Britain, and the data produced this year, 
though scanty, are rather better than has been obtained for some years by the Section. Although 
rates determinations were not possible (observed activity rarely exceeded 3 meteors per hour) 
and an analysis for each component was not practical, the mean magnitude and paucity of 
trains fall well into line with the details given in both [5] and [6]. 
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Forw 
Jeroen Van 

The computation of the population index r from forward scatter data  is discussed. 

1. Introduction 
When a radio observer hears a meteor reflection he writes down the time, strength, duration 
and a description of it. The duration is estimated which results in large errors, especially for 
those lasting less then 1 second [I]. For this reason only durations of 2 seconds and longer were 
used in shower analysis in the past [2]. The strength (audio signal) of the meteor reflection is 
also estimated, on a scale from 1 (very weak) to 5 (very loud). Unnecessary to mention that 
this scale is very subjective. Each radio observer has his own definition of e.g. loud and very 
loud. The solution for measuring both parameters with sufficient accuracy can be found in 
using electronical equipment. 
Two observers managed to connect electronical measurement equipment to their receiver. Mau- 
rice De Meyere (€3) used a pen recorder which enabled lo measure the amplitude of each meteor 
reflection. Luc Gobin (B) made himself a special duration meter in order to determine the du- 
ration of each meteor reflection with high accuracy. I;I both cases the real signal strength was 
measured, not the audio signal strength. 

Maurice De R4eyere recorded 741 meteors in the period of August 7 till 13 between 20h50m and 
21"20m UT. Luc Gobin measured the durat>ion of 1723 meteors in the period of July 15 till 
August 2 between 4'OOm and 4"30" UT. 
Both observations were split into logarithmic classes. Each class contains a least 10 meteors. 
Then a cumulative distribution was made, plotted on a doubly logarithmic scale. After that, 
we calculated via linear regression t,he following relation: 

log N = C - 2.5 log r log D 
with N the number of reflections, r the population index, 
and C a constant, from which we derived the ?--value. 

the duration or the amplitude, 

2 .6  , I 

2.4 4 

0.3 0.6 0.9 7.2 1.5 1 8  2 1  2.4 

log anpJitude 
V 13/8 7/8 t a/a 0 9/8 A 11/8 x 12/8  

Figure 1 - Amplitude distribution of Maurice De hieyere, plotted on a doubly 
logarithmic scale for each day. 
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Figure 1 shows the amplitude distribution of each day plotted on a double logarithmic scale (for 
M. De Meyere) As the maximum of the Perseids comes nearer, the number of meteors increases. 
This can be seen on the figure by the translation of the curves to the top. At the left side of 
the graph, the translation goes linear, but at  the right side it does not. This means that, as 
the maximum approaches, the number of bright meteors increases more rapidly in comparison 
with the rather faint ones. As the calculation of the population index r is based on the results 
of figure one, this trend is also found in Figure 2 (left) The average r-value for this period 
(August 7-13) amounts to 1.94 0.25. 

2 7  
1.4 

:is 2.2 + ’ + 
0 0 + 

t 

Figure 2 - The population index r as obtained from radio observations by M. De Meyere (left)  and L. Gobin 
(right) . 

It must be said that the presented r values in Figure 2 (left) are a mixture of the r-values of 
the Perseids and the sporadic meteors as radio observers can not distinguish shower meteors 
from the sporadic background due to the used observing technique. 

Figure 2 (right) shows the r-values derived from echo durations (of Luc Gobin). No pattern 
can be found, only some fluctuations. (especially after A 0  = 125’) These r-values are mainly 
due to the sporadic background, with some influence of the 6-Aquarids. The average r-value 
for this period (July 15-August 2) amounts to  2.25 f 0.30. 

3. Remarks 

Other radio observers (Public Observatory Urania (B) and Knud Bach Kristenson (DK)) also 
made pen recordings, but at the time of this writing, their results were not yet available. 

Using forward scatter data for determining r values is much more objective than using visual 
data, because: 

e A radio observer’s perception coefficient is almost 1. E.g. if a radio observer can detect 
meteors to magnitude 7.0, he will have heard all the meteors up to magnitude 6.0, which 
is very different from the situation with a visual observer; and 

e The accuracy of the used equipment is very high and can be verified. The estimated 
visual magnitude of a meteor, on the other hand, is relatively inaccurate (depends on the 
experience of the observer) and is rather difficult to verify. 

Its clear that from now on, such computations will have to be done more often. 
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We present a five-year analysis of visual spar 
1988. Some suggestions for h t u r e  work are made. 

ic results of the JAS ection, 5~ ta~ned  during the period 1984- 

It has lone; been e s ~ , a b ~ ~ s h e d  th ic meteor activity uctua.tes both diurnally and annually 
in terms of observed meteor rates-see for example [I] or [ ut whether there are other 
variations, such as in magnitude distribution or train ~ r o p o ~ t i o n s ,  has been less well-studied. 
While it is relatively easy to extract data from a single year's visual sporadic results to show 
any diurnal chmges, because of adverse weat er or ~ ~ ~ n ~ , r - ~ ~ g h t ~ ~ g  c ons, this is not a long 
enough period to ensure reasonable coverage r annud variations. , a five-year sample of 
such information was examined in preparing this a.nalysis 
During the five ye 984 January 1-2 to 1988 December 

radic meteors seen. Sixty-three individual observers and members of five astronomical societies 
contributed to these totals, as E.isted Idow: 

Shaun Ankers, Thomas Anne Barrowcliffe, Kevin laylock, Neil Bone, Huw 
Boulton, FValter Bradfor obert Calvert, Andy Chap an,  Edward Chester, Al- 
ison Chishoh,  John Copsey, Michael Dale, Elspeth Edward, Gavin Fitzgerald, Kenneth Fraser, 
Fraserburgb Acadeny A s t r o i ~ ~ n y  Club, Norman Ga l l~way ,  Ste 

Astronomicaj Society, Peter klainsworth, 
s, Nigel IIoulton, Ghristpoiier IIowell, hfi 

esiod, defined as sunning bet,we 
31-32, S O M ~  3032. ours of visual observation from sites were reported and 11 097 spo- 

Jenner, Jason J Q ~ I ~ s ,  'Devor Law, hard kivingsione, Darren Lowe, Lee Macdonald, Jonathan Mac- 
Nab, Tony 8/larlthamj Alastair 84 t h ,  James McLean, Martin Middleton, John Mitton , Stephen 
Morris, Richard Murray, Newbur ~ t r ~ i i o m i c d  Society, David Payyne, Graham Pointer, Jonathan 

avid Pritchard, Martin Puckett, Peter Quilter, Christopher Reitter, Ian Rigney, Robin 
Scagei!, Alan Smeaton, George Spaldiiig, Stirling Astrcmoi-nical Society, Alex Thomson, Adrian 
Tighe, Robert Townsend, bfartiri Trottcr, Sharon Turvey, %vest hfidands Astronomical Society, 
Christopher W d b t ,  Simon Wragg. 

2, Analyses 
Data reduction was only carried otit for In.fosmation from reliable observers obtained under 
conditions where the limiting magnitude was 1 5 . 5  or better and where less than 20% cloud 
cover was present. These strictures necessitated the removal of all but a core of 975.24 hours 
and 5660 meteors, wing largely to the essentially inexperienc.ed nature of most JAS Meteor 
Section observers. nalyses were performed to establjsh magnitude distributions, meteor rates 
and persistent train details. 

Table 1 presexts information on the con itions encouxkered an the observing time possible in 
each month, while Table 2 shows conditions, corrected mean magnitude for $6.5 skies ( E 6 . 5 )  
and train properties for each year. 

Table 1 - Hours of observation possible, percentage of nigh& observed on at least once in the five-year 
period and mean observing conditioiis by month b r  the 1984-1988 sporadic analysis. 

Month 1 Jan Feb Mar Apr May Jun Jui .kug Sep 8 c t  Nov Dec I Tot I 
t I I I 

91.24 42.50 73.28 98.52 24.84 2.58 21.65 211.75 107.05 127.25 88.57 86.40 975.24 
41.9 44.8 64.5 60.0 45,2 6.7 64.5 83.9 60.0 61.3 63.3 48.4 53.7 
5.68 5.76 5.72 5.78 5.61 5.61 5.80 5.78 5.77 5.78 5.64 5.62 5.71 
1.6 3.0 0.9 1.3 0.4 2.9 2.8 3.3 1.9 1.3 1.2 3.4 2.0 
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Met 1 8 
1.38 2.00 3.14 2.36 2.50 2.44 2.43 2.51 2.38 2.42 2.60 2.94 2.10 2.69 m 

Trains 1 25.0 12.2 10.3 7.3 8.0 9.4 9.0 8.9 9.2 9.2 8.5 10.4 9.8 0.0 

41 68 137 499 1065 1283 1122 655 380 176 135 82 9 - 

N,  the Journal of the IMO 17:6 (1989) 

5660 
2.42 
9.1 

Table 2 - Annual details for conditions and sporadic meteors seen between 
1984 and 1988 

3. Magnitude distri 

Sporadic magnitudes were studied first in order to establis figures for the population index r 
which could then be used in rate analyses. istributions, mean, corrected mean and 
r-valued were derived from the graph in [2]. 

The overall mean T of 3.15 in good agreement with the generally accepted value of 3.0, though 
clearly there are some variations from month to month on occasion, in particular February, 
June (although this is almost certainly due to the small meteor sample) and August. 

Corrected mean magnitudes for each of the five years are presented in Table 2, with no real 
variation apparent in this figure between different years. 

Table 3 - Sporadic monthly magnitude distributions for the period 1984-1988. 

2 3 7 16 26 63 94 54 9 
6 6 11 26 37 81 128 87 25 
0 1 2 6 22 10 27 14 9 
0 0 0 1 2 2  
3 9 5 39 54 99 153 119 58 

3 7 12 49 82 133 174 120 38 
4 3 13 47 88 131 192 135 62 

4 4 16 55 94 116 176 112 20 

Examination of the magnitude distributions for various hours of the night (Table 4) also showed 
no significant trends away from the mean values when an adequate body of data was available 
(essentially between 21h UT and 02h UT). 

Table 4 - Sporadic meteors numbers, mean ma nitudes and t,rain percentages for each hour of 
the night (UT) during the period 1984-1988. 

1 Start 1 17h 18” l g h  20h 21” 22” 23h Oh 1” 2h 3h 4h 5h 6h 1 Tot I 
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hourly rates (CHRs) 
were compiled for 

cloud cover corr 
teors seen, and 

This is ostensibly as outlined 
factor, as sporadies 
sporadic CWRs for eac 
on a mean c?ou 
(C = 2.48) were 
the night. Standard error par 

agnitude, N the number 

the radiant correction 
e similarly derived for 
orrection values based 
an average T of 3.15 

se mean figures across 
e analyses proceeded. 

spell circles CPER,s 

4 

radic variation. Filled circles show OH%; open circles GHRs. 

rovide sporadic data which can the I be compared directly, in limited terms, 
s, they do not indicate, exce t in a very exaggerated way, what an observer 
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itions, and so a series 
so produced from the 

The highest annual 
too little data-was 

e broad trends are 

Finally, reports on the ~ ~ ~ ~ Q r t ~ o ~ s  of spor 
durations were exami 

rains and their 
Note that no 

again February, 
magnitude classes 

milarly decreasing trend 
uss of the night showed 

base was sufficiently 

revealed a lesse 

viable. 
r- lable 5 - MonthIy mean percentages of trained spora,dic meteors, 1984-1988. 

Table 6 - Mean percentage of trained spor 
magnitude class, with mean train 
1988. 

Although average th were c~vered at least once during 

The diurnal e x a ~ ~ ~ a ~ ~ ~ ~ ~  
at variance with the 
features. However, lookin 

~ s t r i ~ u t ~ o n $  not greatly 
found in these 
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trend is apparent as shown in Table 7,  
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Table 7 - Numbers ( N )  ie fireballs for each 

the total nurn 

Sporadic activity appeared to increase by a factor of about two €rom 18h to 4h UT, though 
the errors before 20h UT and after 2h UT make the highest and lowest figures rather tentative 
at best, with the time of maximum rates being particularly poorly defined. The CHR range 
does fit well with recently-made bulk sporadic analyses, however-see for instance the sporadic 
details in [6]. 

In annual terms, the months of February, June received least attention: the data for 
June in particular are so slight to make them worthless. Ignoring these three months when 
examining the sporadic magnit es leaves only August as somewhat anomalous, with a m6.5 
of 3.44, compared to the overall ~ ~ 6 . 5  of 3.21. Fr annual activity graph, it is clear that 
August also seems to enjoy a small d it may be that both are the result 
of the misidentification of some fain ors. If this i s  S O ,  then the September- 
Qctober “dip” may simply be a con ugust rates, with the actual increase 
occurring in November. Alternative axmmalies” may just be the result of a much 
greater concentration of data than 

Table 8 - Monthly totals ( N )  and percentages (%) of fireballs, from the 
1984-1988 data. 

Although there are no clear variations in sporadic brightnesses overall during the year, looking 
again solely at fireballs (Table 8) shows e~ihanced activity during February and April. The 
four February events were all of magnitude -3 and are therefore probably not indicative of 
anything significant, whereas for April, meteors of magnitude classes -3 to -6 occurred in 
several separate years, suggesting a possible confirmation of the general view that April is 
relatively rich in these bright meteors. This is similar to what [S ]  indicates too. Once more, 
however, the small sample of fireballs makes definite statements on this matter difficult. 
The difference b values is about a fac- 
tor of 2.5 times winter and spring and 
best in late autum- V ~ O U S  results have suggested comparable 
sporadic hourly ra ember, which is not confirmed here. As 
mentioned earlier, ffectively be discard gust’s “mini-peak” and its 
consequences for S 
The proportion trained sporadics over the year s h c ~ w s  quit a wide variation, which (setting 
aside February, June) to some extent resembles t e sporadic CHR trends, though 

and lowest sporzclic annual 
activity generally poorest in 

er, have also been 
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magnitudes. the decceaskg t r  

and short timescales 

shower activities 

timescales will require 
regular atteztioa. 

re accurate picture 

of spo~.adic activity is 
to the date, while the 
e waiting to be found. 

important for i ts  own sake, as  



W G N ,  the  yo^^^^^ of the 2 7: 273 

An overview is given of observations carried out in ~ ~ ~ ~ ? a ~  during 1%38. 

rvations can be 
minids all had fine weather 

The Perseids, K-Cygnids, 
e minor showers of spring 

number of observers rose to 6,  
members were active visually. 

ts, a normal result. 4700 meteors 
core list of the Section. 

not heavily observ 
ly better than in I 

The observers got, in a total sf  I 
were seen, makia 

This fine visual. result was ~ O S S  

The rate data and magnitude distributions of I988 are collected into an annual report. It can 
be obtained by writing to my address (see 

The second Norwegial; 
where amateurs meet to talk with. each ot 
a minor introdu 

nly first-class observ 
southernmost parts of the countr 
even at midnight. The Meteor Camps 
on, they will be  arranged ever 

The S-Eeonids and 
March. Activity w 
good activity clkrv 

The Perseids we 
7 nights had perf 
above the average of what c 
maximum nights were clou 
G people of the Meteor Camp saw the Perseids. It i s  a, 
to observe sho-vver~ off.-max 
experienced observers had 
6.1-6.4). It seems reasonable to conclude that the shower was “good” in 3.988, but slightly less 
active than 1986 when our high-perceptive observers got rates exceeding 100. Perhaps we had 
more luck “hitting” the main pe& in 1986. 

he camps are informal gatherings 
rve. No lectures are given, apart from 

during one week under the 
nditiom are obtained from the 

oth very successful. From now 

g 6 nights of February and 

ude 58’ N. 5 of 

that many amateurs do not bother 

The K-Cygnids start just before Perseid ma,xi his shower is very popular among our 
hardest-working observers, as the rad nt is always very high in the Norwegian sky. KG, LTH 
and TEH had uncorrected rates of 4. dnring the Perseid maximum. One can however never 
exclude the possibility of shower ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ ,  as values of 4-6 seem very high for the kappas 
this early. About 4 per hour were seen on August 17.9 UT. 

once aga,in produc 
were made on 9 di 

esuEts from the Taurid showers of October and November. 
nt evenings, so ar activity urTie is not easy to make. At 
r hour on November 3, an 6 Northern Taurids per hour 

mber 6 to 15. The results of 
ake a nice activity curve pea ing latc on the 13th, when ZHRs rise to about 

inids were seen from 

oradic activity. 
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in this regard were a, -7 and -5 

* .  

0th of which left trains lasting 

climatic after t 

than 10 seconds. 
UT the situation 

he trx.e situation. was like as I was almost 
amppears to have been a relatively. normal 

tions suggesting the 
have received from 
t n.owhere near the 

and o d y  the f i r s t  hour gives a real in.& 
asleep ba1h7ay th.ro?rg%i ti]. 
declining peak night ~ with 
Once again the Perseids ha2ve 








