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This double meteor was photographed oil August 8 ,  1‘389, lwtwceii 101’S5n125s and 101’56m45S U T  by Lance A.M. Beiiiier 
of S t .  Louis, Missouri, USA. The  fainter inetcor i i iay I x  of magnitude -1 or so, while the bright fireball has a magnitude 
of -6--8. The  photograph was made wit 11 a RIinolta S ILT 200 45 inin f/2 a i d  the  film was developed in D-76 uiidilutecl 
for 13.5 minutes at 24’ C .  
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Marc Gyssens 

S o m e  issues ago, 719e announced a comprehensive report on the observations of 2988. The 
compilation of this report si.Lffered from. som.e delays of various kinds, mainly the amount  of 
work that was involved in ,writing con,acrsion programs that ,  so to  speak, ‘venerate” t h e  report 
directly fTom t h e  VMDB da.tn, wit6 n m,in.im,um) of hum.an in,terference. Also, the first tries of 
the programs revealed a num,ber of errors in t h e  data input of the V M D B  which of course had 
to  be  corrected first before t h e  report could be  finally processed. Th i s  i s  all done now and t h e  
entire report contains  248 pages of v i~cd and fireball data. More in format ion  on  ordering this 
report can b e  foand in t h e  n e x t  article. 

Ra ther  than  calling t h e  publication an “artnun1 report”, which might erroneously suggest a doc- 
ument of a n  administwxtive n.nture i n d e a d  of an observational nature,  we chose t o  print it as 
the first issue of a report sei ies  of WGN. Tliis report series is intended t o  contain data o n  all 
k inds  of rneteor observations. Issiies will a.ppear at irreyular intervals, but, of course, at least 
once a yea.?.. 

Personal ly ,  I f e e l  a lot of satisfaction. n o w  that this new  series has  started. W h a t  struck me 
m o s t  during the yea.rs irnm.ediately 1~rc~:ediii .g the foundat ion  of IMO was how easily valuable 
observational data could g e t  lost f o r  posterity. Indeed, several very  active groups in the past 
produced m s t  quantities of data during se,ixrctl years, sometim,es even  more  than  a decade. Un- 
f o r t u n d e l y ,  these groups f(1,ded a,iuny even.tually, and, with t h e m ,  t h e  awareness of t h e  existence 
of t h e  work they prodn,ced. If it were riot for t?le extensive literature search that  Paul  Roggemans 
conducted a fe,ui years ago, m,an.y old observational records would probably never  have b e e n  redis- 
covered. Therefore, preserving olisemation,al da,ta gathered from all over  the world and making 
them available in n uniform. f o r m a t ,  thereby establishing a badly needed continuity, seemed to 
m e  the p vim, a ~ y  g oa I o j‘ an int ern, art .i o r). (id o rg a n  i z d i  o n.. 

Al though comjmterized data a,ye mos t  h n n d y  for analyses purposes, as  t h e  VMDB has already 
proved so clearly in its sh.oyt tirne of existence, we f e e l  that the data should also be available in 
print. In this  w q ,  everybody ca#n see which data IMO has to  ofler, in a universally accessible 
f o r m a t ,  both. now arid in th.e fiitu,re, ,uiithoii,t having to  depend on (a) particular computer sys- 
t em(s ) .  Persons  or gro*iips w,ishin,g to  use some of  the observational results for further  analysis 
can then reyuest t o  IMO th.e re1evan.t dlttn on, a, diskette. 

The first issue oaf t h e  report s c i i c s  on,hj contains  uis6i;t~l and Jireba.11 data. So will also the second 
i ssue,  containing t h e  obsel.antiori.a.l m s d t s  o.f 1989. (Since m.ost of thfe work in compiling t h e  
1988 report wns spen,t in, ,writing th.c corr:nei-sion. programs, the 2989 will require only  minimal 
prepxrations.) It si%ould be clear, ho,wet.rr:r.. that in t h e  fu ture ,  also photographic, telescopic, radio 
and video da.ta must lie published in. t l i ~  repoiat series. 

Th,e unfortunate  bu.t mden iab le  fac t  that  compiling such, reports is present ly  impossible, shows 
onxe moye that  a we11 run Photograpkic Commiss ion  is urgently needed within IMO. It also 
shows tha t  telescopic, r o and video data vhoudd be  organized an such  a m a n n e r  that they can  
be dissemirmted lis t h e  meteor  c o m m u n i t y  in a, meaningfkl way.  

T a h g  in to  account the realistic expectat%on that the amount  of data collected by IMO will 
sharply increase over t h e  y e w s  t o  come ,  all  of this menms of course a lot of work. Provided 
it is  executed pi-operl9, th is  wad;: w~ill yroae to  be very wwarding.  Maybe this i s  a good place 
and t i m e  t o  remind  y0.u that IMO is no t  an, inst i tute  created on top  of the meteor  communi ty ,  
h t  the meteor  com,munity  itsel~f. Wli.ntever IMO is  t o  accom.plish in. the fu ture  ,will d e p e n d  on 
th,e w,illingness o,f ,meteor u)orX:ers t o  inuest tim.e a n d  to  commi t  themselves  to  persevere. Please 
take a f e w  mom,eri,ts t o  think this  over  a,nd i f  yo’i~ think you  ca,n help, do  not  hesitate to  step 
forward!  
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New t ies 0 N! 

In 111y editorial message on the previous page, 
you could already read about the pliilo~opliy 
behind WGN9s new observational report se- 
ries. 
Tlie first issue in this series contains all vi- 
sual and fireball da ta  of 1988. In total, you 
will find in it 100 408 visual meteors seen dur- 
ing 4867 hours I n  256 calendar dates by 264 
observers froin 16 different countries, as well 
as 197 entries on fireballs. It goes without 
saying tha t  this work is invaluable for those 
wkhing to use observational material in their 
analysis. Also, observers can see how their 
work fits in a n-orld-wide effort to  gather in- 
foriliation on iiieteor phenomena. 
Do not miss this first issue of a new series and 
order noiv! For 148 pages of dense observa- 
tioiial data ,  it only costs 900 BEF (including 
surface m a i l  delivery). Please pay as for your 
sulxcription t o  tlie WGN bimonthly journal, 
and,  in particular make sure that we retain 
the full amount after deduction of possible 
transfer costs! 

About 

In spite of the veq- ca.rcful iiistruct>ions for paying WGN or otjher publications of IMO, we 
still encounter man:,- prc)h1ems in , i ~ i n g  payments from abroad in tha,t we often loose a 
considerable fraction of the paid amoiint, due to  various kinds of transfer costs. Since it is 
IMO's policy to  compute its prices as sliarldy a.s possible, your cooperation is essential. Below, 
we list the most frecl~ent problems t,lia,t occur together with some suggestions to  avoid them in 
the future. 
First w e  reca,ll tha t  x l n g  a n  17 rnntion,nl Postal M o n e y  O d e r  is the cheapest wasy for a 
foreign payinent, Aithougl- ular in Anglosa,xon countries such as the United IGngdom 
or the United Sta,tes, it, do 1 these count,ries. If YOU experience problems at  your post 
office to  obtain such a pos order, p l e : ~ ~  insist! Second, payments by Eurocheque to 
Ann Schoyens are safe, provicletl y01.1 Inention t,he ammount, in Belgian francs (BEF), mention a 
Belgiaq city as the place ~rhem:e the clieck was dra,wn, make the clieck payable to  Ann (not to 
I M O ) ,  and,  trery i n p r t a n t  ii-lelltjioll ;-air  Eurocheque ca,rd number on the back! 
Recently, we especially esperirmcecl prol~lenis with payments from tjhe United Kingdom. If, for 
some reamson, you caiiriot use one of the t-wo iiictliods inentioned above, we urge you to  choose 



between one of the two following alternatives: 
e Pay from a, posh1 giro account of your own to  the postal giro account of Ann Schroyens, 

mentioning t h e  am,o,unt in Bely ian  francs (BEF)! In that  case, postal services will charge 
the transfer costs (allout, 5 GBP)  to your account; if you would mention the amount in 
pounds sterling, then these cost a,rc siinply deduced from the amount that  is transferred: 
whence u7e receii-e 5 GBP less! 

0 If you have to pa,:' lsy a checlc other than a Eurocheque, pa,y in dollar to Peter Broivn in 
Canada i.iisteacl of to Ann. allowing for about 2 dollars of bank charges. 

This h s t  remark generalizes to everybody: if you have to  pay b y  a checlc other than a EU- 
rocheclue, pay to Petel. Bron-11 instead of t,o Ann. In that  case: calculate the amount due from 
tlie price in Belgian francs using the cscliange rate of the day, adding about' 2 dollars for banl; 

anlc charges iii Belgium for forcign checks a,rr really to high (up to  10 USD!) for 
paying sinall ainouiits. Therefore, we siinply have to refuse a,li checks (other thaii Eurocheques) 
sent to Ann. 

e . . . that  you can ordei the  G n o ~ n o n t c k i  Atlns B m o  2000.0 b y  Vladirnir Ziiojil from IMO 
at a piice of 100 BEF ( to  hc paid in the ciame way a5 for -WG"). Order this excellent 
gnomonic star ~ t l a s  for yoiir \un111ic~i observations! Do note, however, that  iiicoiiiiiig 
orders are sent to Czec1ioilo~nl;i~i foi fiirtlier piocessing in bunches once a month. Takillg 
this into account as  n-ell a i  the timc rc3qiiiied for mailing, you should allow for about t h e e  
months delivery tinne, 

a . . 2f you are a n  6MO r n e r n b w  you should find four enclosures in this issue: 
- An introduction to  IMO (IR/IOJNFO( 1)); 
- A meteor calendar (IMO-INFO(2)): 
- TT'lao is who I n  IMO (IT\TO-INF0(3)); 
- I'oting docun-ient iir. 6. 

If you should not have ieccivcd onc of this clocunicnts, please let us linollr. It goes without 
saying tha t  t h e  f int  11ool;let i i  iiot <iclt l i  ed to y w .  since you already are an IMO meinher. 
HOWCTW, you caii u5e i t  (by mnltiiig copics of i t )  to  propagate IMO among interested friends 
ancl colleagues. 

Letters t 

A u 1'0 ra- Bi 
T h e  aurora-like ~ a y s  repoyted in WGN l Y : d ,  p p .  115-116 cont inue t o  produce reactions. In this 
issue,  Philip B a g n d l  nnd Almtair Mcl?entf~. comment  on, earlier reactions to  the original note. 
B o t h  disagree with t h e  opinions czpressed b y  Pekka P a m i a i n e n  and Trond Erik Hillestad i n  
WGhr 18:1, 1 3 p .  2-3. Also Bill Katz s,u.gge,sts. axrorul rays as t h e  explanation f o r  t h e  phenomenon.  
As we assume that  all ~uie~wpoints on this  issue are presented by now, we propose to  close the 
discussion o n  this matte?.. 

ays 
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2r in Czechoslovakia has some comments  
o n  the article of Jeroen Van Wuss .ward Scatter Data and the Population Index" in 

Equation log 3c' versus log in its presented form is vali for underdense echoes only, where 
D is the signal amplitude (intensity). uration of an underdense echo does not depend on 
particle mass. For overdense echoes. when amplitudes are considered. the multiplication factor 
is at  least three times higher than presented in the article, It is not clear what amplitude in 
Figure 1 corresponds with the uiiclcrclcnse/ot.erdense region-it could be placed maybe around 
log A = 1.8. I would recomnieiicl the author to reanalyze the r-values from this point of view. 
When durations of meteor echoes are considered (for overdense reflections) , the formula: 

WGN .!'7:6$ ~ I P .  255-266. 

sliould be used. 
2%-ne;L', As t r .  Inst .  Qndi'ejov, January 50, 1990 

Ralf Koschacb comments on Paul Roggemons's c o 7 ~ ~ r z ~ u t z ~ n  on, t h e  I989 Quadrantids in WGN 
18:l j  p p .  12-18. A reaction from the author follows. 
In this report Paul Roggeinans asks wlietlier a more reliable analysis can be made from many 
observations rather than a few good oncs. The ajiswer at the end favors the first alternative. As 
long as  we have to take into consicleratioii only !random errors his conclusion would be correct, 
h i t  also systematic errors act here. and one cannot cope with this kind of errors by means 
of statistics. Let us have a look a t  the main points we have to consider. A first factor is the 
correction for the limiting magnitirde, Tlic fornmla used: 

is valid only if the difference 6.5 - h i  is caused by extinction (dust, haze). If it is caused by an  
illumination of tlie sky (moon, city lights) cquat (1) is an approximation only. Normally, tlie 
certainty of this approximation decrcxa<es with I easing difference 6.5 - lm. Furthermore, the 
population index r can be determined vit l i  a. certainty of about 0.2-0.3 (cfr. [I]). For a limiting 
magnitude of 5 . 5 .  this uncertainty can result in a s ~ s t ~ ~ ~ t ~ ~  error of about 10% which can still 
be accepted. For larger ciifferences, this error incre2ses rapidly. In the program of the Visual 
Coniniission [a], the limit for the calculation of reliable Z Rs was therefore set at lin = 5 . 5 ,  
Secondlj~. we use a correction factor for tlie elevation of the radiant: 

with A/ = -1 and hn the e1evatio:i of tiic apparent radiant (zenith attraction included). Equa- 
tion (2)  is only a geometrical correction valid for 90' 2 hR > 10'. It may be taken for granted, 
however, tha t  the angle under wliicli a iiiet~oroid enters the Earth's atmosphere (corresponds 
to  h ~ )  influences the brightness of a mctc10r. The amount of this may depend on meteoroid 
material. entry velocity, particle mass, , ., it can differ from observer to observer, and it seems 
to be impossible to deteiinine it. The uiicertainties increase rapidly with decreasing h R .  In 
order to take into accoiiiit tlie eff'cct mentioiied it was prOp05ed to use y = -1.3 [3]. Experience 
shoii7s that  y = -1.5 i i  too strong arid t h a t  7 prolmbly depends on h ~ .  To give an idea about 
the order of the possible error w e  assume t ha t  7 = -1.2. If w e  me 7 = -1. this results in a sys- 
tematic undercorrection of the Z of 23%) for j 2 ~  = 20°, and of 42% for h~ = 10'. Therefore 
only ZHRs calculated from obscrvatious with hn 2 20' are reliable. or 20' 2 hR > lo', tlie 
ZHR becomes a rather poor estiiiidte with a possible systematic error of up  to 50%. A ZHR 
obtained horn an  observation with ?in < 10' is of no use. 
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In the case of a, weighing factor l /Ctot l  not the value Clot is rea,lly the selection criterion: but 
lm and  k~ are. T h e  h i i t s  set in t,lie program of the Visual Conirnission should not preverit 
people t o  observe under poorer conditions. !dt~hough Z Rs are of low value, it is possible to 
determine t k e  .lime of il nia,xiiniim or of outburst from such data .  

So far the theory. What does it mea,n for the Quadrantid activity profile presented? The VMDB 
currently uses r = 2 . 5  as a standard for all s l i on~rs .  This simplification cannot be accepted any 
longer. The first step of a, shower amlysis ha,s to be the calculation of the population index r .  
But this can only be done if all observers report their ma,gnitude distributions each night. 
The  Quadrantids are known to  have a low value of r .  Fr a personal observation of January 3, 
1989 in the morniiig, we obta,ined r = 2.18 f 8.25 (I34 adrant ids with magnitudes between 
-2 a,nd +5) accordiiig t method described in [I]. r = 2.3 a,nd lni = 5.0 leads to  an 
overcorrect’ion of the Zj of a,bout 23%. Bearing in mind a further uncertainty due to s k y  
i llunii n a. t i on ( equ a t i 012. ). such a result should not be used for a detailed analysis. Since 
most of t,he olxervat,ions were ca r i ed  out iinclw poor sky coiiditions the average ZHR iiicludes 
a. syst,eniatic error? too. The  elevation of t8hcb Quadrantid radiant is low for nmny hours, At 
14“30” UT, the radian.t, wa.s about 10’ above tlie liorizon in central Japan. Probably this muses 
a. considerable undercorrection of the maximum ZHR. Fortimately, the ZHR was at  the s a n e  
time overcorrected due to poor limiting niagnit,udes. Therefore the f ind  ZHR of 89 seeins to 
be not iinlikely, possibly a iitt,le t’oo loiv as  mentioned by Paul ggemans. But a precise value 
cannot be giveia mainly due to  tlhe iIidet,er~1ii~~a,te zenith corre n factor. W e  must conclude 
that the only reliabie resi.iit,s ohta.ined are the time of the ma.ximuin a i d  the activity period 
(A, = 282?Oo-283f55), All ZHIt ualiies avera,ged are of restricted value. 
Finally, some remarks concerning tlie style of the analysis. Paul  Roggeina,ns writes: “Since 
quite a lot of the olxervations required a ra,t,hcr st,rong combis;.ed correction for zenith distance 
and  liniit,ing magni tucle, the ZHRs were accept’ecl wlien the  correction factor mas not larger 
than 10”. Using the same a.rgumcnt it ~voulcl lie possilsle t’o accept factors of 20 or even 30. 
Since a lot of observations were carried out rinder siich poor circumstances the weighing fact,or 
does not abolish the systema,tic errors. Ilrliat is tlie corrwt way? 

First one Bas to look to w h t  data ase awi la , lh .  Then one ca.n decide what results can lie ex- 
tracted, aiid how one s proceed. This is iiien’s work ~vliicli ca,nnot be done by a computer. 

tain fixed criteriou for ail data sets d ail showers. If the quantity 
nieet>iiig the seiectioiz 11 (In1 and  h J { )  is not, suffLcient, a, R. a,nalysis cannot be carried 
out.  It is 
frigliteiiing to  know th aft,er some y e a s  the rcsult Z ln5x = 89 will be used to  analyze long 
teri-ii variations of the iradrantid activit~y. One will fiiia considerable differences in ZHR,,, 
from year t’o y e a  a,nd ncler what pcriociicit y might be derived. Therefore uncertain results 
must :lot be published, or t i q i  liaJ-e t,o be ma.rked as sucli. explicit%y. 

The  statement that “the result, shom-n in Figur‘ 1 is very acceptafile” needs a,rguments. Yes, it 

period is not too short a n d  the number of ZHR. is large enough. Due to systematic errors the 
shape of the activity profile cannot 116: a. crit cuiou for the reli2,bility. The  analyzing procedure 
must be adapted t o  the d a t a  to be a,nalyzecl. A siiiall qua,ntlty of ohservations requires mother  
procedure. If this is not, considered, a bad resiilt for Ctot 5 2 s h o ~ v n  in Figures 4 and 7 can be 
foreseen. It does not prove thai ina,ny 2liR.s a r c  ljetter than fewer good ZHRs. 
As it ca,n be seen from other showers [4,5] t,hc rriet’liod developed b y  Paul Roggemans produces 
precious results there is a large qua,ntity of da ta  without considerable systematic errors. 
Having the 1.989 iaadrantid report in mind UT sec a da,nger and  we warn for it. People tend to  
accept d l  results pu t  out by a computer if t,liey look nice. Often the reader is unable to  value 
the re1ia)bility of the publislaed results. The report may be impressive for people not so familiar 
with problems of visua.l meteor observa.tions, but it does not serve the first target of the  Visual 
Commission: the increase of the reliability of visiid meteor observations. 

It is not laossil3le to gi:” 

Tlierefoue one must clearly say that  110 rescilt is et ter ti1a-n a questionable result. 

looks good. But that, 1s ~1 #?li. The procedtirc uscd pr’od~ces good looking graphs if the s a . m p h g  
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Rdf Koschack and Ji lTgen  Rendtel 
Below as the answei- of  t h e  nutho?.: 
The  Quadrantid aiticle way compiled in a very short time on special request of the editor-in- 
chief, who noticed there were not ciioiigli coiitributions for the Februaiy issue. Therefore, i t  
was not the primary goal of tlie a1 ticle to  malie a n  elaborated analysis. but rather to give soiiie 
feedback to the observers to encouragr~ tliciii to provide da ta  to  the VMDB to pioduce bettei 
analysis in tlie future. 
If one lias a very large number of ZHRs, one can checlc all the conclusions using only the veiy 
good ZHRs. Btit in c a w  tlicre are too few ZHRs obtained uiider very favorable conditions. tlie 
question is whether one tries to  gct some idea allout the activity profile from the unsigiiificantly 
sinall nuinl~er  of ZHR. with a small  co i r~ t i : , n  factor. or based on the significant nuiiillei of 
stronger corrected ZHbis? In the ()uadiantitl paper, the different combinations all lead to  the 
same result: a maximum of 88 f 7 a~ A,, = 282C64 i 0003. I also tried to produce profiles 
taliiiig into account some of Ralf a n d  Jiirgen’s criteria a ~ d ,  still, this produces the same basic 
features. Very 1 ntly, I rcceived a lcttcr from Dr. 13. McIntosh in which he say5 that  the 
results in WGlV aic  in liiie ~ i t h  his results. 
The  time interi-a1 of maximum did not contain many data  points, but most were obtained 
lly observations at t l i ~  Uiiited S tiltcs‘ West Coast where the radiant was high in the morning 
SliJT. In tlie period 14”-1 51L h;T old.\. a fcw .?apancse observations are available. hlost Japanese 
observations started in the inoriiiiig (local time) after 1 G ”  UT. This means that there is a gap 
of about  3 hours without iiiuch d a t a  b y  the low radiant position. The ZHR could have lleeii 
underestimated duiii:g this period. Kot a single observation indicates that!  hl. Simelc coiicliided 
already before that the lewl  of ZHR,,,,, m d  the position of A 0  varies from year to year. 
We now come to the criticism of peoide who want to  replace all tables in W G N  lly graphs. As 
a consequence of this ;mlicy, it is iinpo541,lc t:, judge the weight of the data, since numerical 
data  are missing, Tlic d a t a  arc l x p t  only in the V&DB and only the author has then a good 
view on their reliability. 
As a general coiic1iision, I can aiiiiouiic(’ t h t  tlie iiciv version of the VMDB will be a sophisti- 
cated program, t h a t  ivill cope n-ith most ilioi tcomings of the fir5t version. We have learned a 
lot over the past two years 11)- tiial aiicl error method. 
There is point in the criticism I do imt agree with: the da ta  evaluation can be  done by a 
computer, even if the ciiteiia are complex aiicl require iterative procedures. If it is so that tliere 
is no rational inetliodo!ogy iii tlic humnii m i ~ d e  criteria. then it means tha t  the criteria depend 
upon what the analyzeri want to olitain and this could lead towards biased results. 

Paul Roggemans 

pp. 229-239, 

Did Heaven ~~~~~ a 

Under th is  t i t le ,  we ;..meitred n ~ U ~ Z O ~ O I I S  note  from the Czechoslovakian telescopic meteor oh- 
s f r v e r  Petr Piavec nlroiif recent eucnts, both In the sky as on Earth.. . 
In last yea1 ’s suni~ncr  aiid autumn I tlic Czechosloidilan sliy was really wonderful. This was 
maylie a *‘firenrorli” for ilie cclclxntioii of tlie clianges in Eastern Europe. One comet heeled 
another, two aurorae ’horcales n-eie spottcd an  otlier successive phenomena occured too. 
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In June, Solidarity won parliamentary clectioiis in Poland and that  was the final end of the 
Sta-linistic regime there. From July till September, the shining of the comet, Brorsen-Rd'etcalf 

At the ijegiiiiiirig ~ i '  October, a process of cleiiiocratiza.tion in ungary culminated with the 
disintegration of die: Hmgar ian  Lambour Pa.rt,y. In October and the first half of Noveniriber, ice 
started to  move in the G.D.R., too. udenko (1989 T " )  watched all this wit,li a 
smile at i ts  h e a d  (fi:oni Scptember to  November). At t'he 20th of October an aurora, borealis 
occurrecl-it, was seen i n  liJ;ungary. The Czeclioslovaliiaii people did not merit it yet, and that 
is n-liy it, was cioudy in their country. 

O n  the 17th of S o v e n i l x ~ ,  l-lon.wer, just at, tlic time of the niassacre of tlie students on the 
Place of the Nation in Pra,gue, a red aurora l.)orealis flared over the whole Czechoslovakian 
country. In Eeceml~er. comet ."iarseth-73ren:ington ( i989  a>,  brighter than all cornets the pa,st 
six years: shilled hi 'I-ionor of a "teiicler" revolut8ioii. That  comet pxt on the most beautiful look 
as well as a weeperq n-hcn the Ruiiianian peoplc W Q X ~  the bioody fight for liberty. 

TVa. t, chin g e:~olut io 11 ~ 1 d of succcssivc actions cross m y  mind. IVhat is in store for us? MY11 it 
be "'The Great Celest,ia,l Fest,ival"? Let us take pains. so tha t  it will be. 

Petr Pravec, Febmiary 6, 1990 

In order to derivc marc reli;~ble results from visual o'lxervatioiis, more da ta  t1ia.n in recent years 
liave to he repor.ted a::.d stored in t'lie VMDD [ 11. Therefore, new observing report forms have 
l ~ e n  esta,blis!ied. YQU .an fiiid tlieni 011 t h  followiug pages. bservers are asked t o  copy these 
forms amlid to use theiil for report,ing their visiial ohservat,ions in tlie future. 

The data ~eecled for fill'77. 9urnrnn~y 67,cyort Form are obt1a.ixied by successively filling 
out a copy of t h e  Intw 1 - m ,  for e/i,ch observing interval. An observing interval 
should last 1.5 tjs 3 hours. Only ar~ii i id thc t'inic of ma.ximnm of a major shovrw, the interval 
length sliould he reduced ;o 1 hour. Ail times liave to  be given in UT. 
V7e recall soni OYLT tile da.ta rcxliicstecl acIcIitio5ally: 

r i q y  i:: future ~ v m k ,  tlic radiantj positjican and size a.ssurned for shower 
reported for every showcr analyzed. If you do not assume a circular 

raclia.ni x e a ,  mention dia,iiieter in riglit, ascension foilowed hy diameter in decliiiation (e.g. 
100 j: 50). 

e Also for every shower aadyzed ,  the 01)st~rl;ing n d i o d  used has to  be reported; i.e. plotting 
(P) or cou~it~ing ( C )  of all possible shower unemlx~rs. Note t h t  it is possible to  plot e.g. 

o The center of the fieltl of view slioultl be reported for the iiiidclle of every interval (right 

Please, send iii only cci.iip?et~eiy filled ohser~ing  rcports. For you ,  this is only a minor effort, 
lj?.it, for us. t,?iis mves a lot of time. Moreover, you will guarantee that your observations can be 
used for serioas ana!.;sis, 

all 11OSS"ib12 ~ClIlt?iL.ids Rl? ,d  to CQLInt d! QtllCI' llieteors. 

ascension a d  declinatio;~ with a precisioi.i of about 10' t o  15'). 

Refer e 11 c e 

[l] R. Iioscliacli. '.Progi.aiii of t lw \'i\ual Coiiiiiiiision of IhlO'*. WGN i ' 7 : G .  1989, pp. 204-206. 
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In t e 1-12 at i o n al anization 

VISUAL 

h h Date: ___ (year): .~ (month),  __ (day). Begin: ~ 

Location: X =-O- __ E/W, 9 = 

End: ~ -m. (UT) 
I I /  N/S, h = ~ m. IMO Code: 

Place: count ry :  

0 bserver : _______ IMO Code: 

Observed showers please use IMO thrce-letter code: 

Observed numbers of meteors per period and per shower: 
(91: observing method ( C ( o u n t i n g ) ,  P(lottin,g) or R (meteor  coordinates es t imated directlg)) 
(N: number of meteors oliservcd; distinguish 1xhe.x ""0' (no meteors seen) and 
"/" (shower not observed duriiig the period)) 

Spor. I Period ( U T )  i Field 1 T c ~  
- 
N 

- 
N 

__ 

N 

- 1 -  
- I -- 
- I - -  - - I -  

- I -  __ 

Fill ou t  one copg of an Interval  Analysis Form for each period men t ioned  above. 

Magnitude distributions (for the entire oliservation): 

-3 -2 Shower 
I 

- 1 - 1 - 1 -  

Spor. - I -  
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s - Interval Analysis 

(,‘oinl)lete one  copy of this  jomz jor e a c h  inierual naei i f io i ied  under “’Period (UT)” O I L  t h e  Summary Report Form. 

Bate: ___ (year), .___ (montli), to ~ ____”’ U T  
Observer: __-__ ____._.._ __.___ IhIO Code: 

il 111 11 (tl;ij.), interval froin: ___ ___ 

Breaks I 

I, s F - Interval Analysis 

11 ni 1 
N j Llll 

I -- 
Xean limiting magnitude Lm: ( s a i i i e  as 011 Sz~iiiinary Beport Form) 

- 1 -  
- I - -  
- / -  
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Observers' e 
J e f  Wood 

1. Introduction 
May and June sees the seasons changing from Spiing to Summer in the northern hemisphere 
and from Fall to Winter in the soiitliern hemisphere. Thus observing conditions tend to be more 
favorable in the northern hemisphere with warm clear nights than in the southern hemisphere 
where the temperatures approach frcezing point when it is clear. Although there is only one 
really major shower active during this period, the ?7-Aquarids, there are a large number of minor 
streams active especially in the Scorpiiis-Sagittarius region that makes for good viewing. Table 
1 below lists 20 of the more important showers that occur during May and June. 

Table 1 - A list of some of the imicteor showers to be seen in hlay-June 1990. 

a-Scorpids 
11- A q u  ar ids 
Corona. Australids 
May Opliiucliids N 
May Opliiucliids S 
x- Scorpids 
0- C e t) ids 
X-Scorpids 
w-Scorpids 
r- Herciilids 
Dayt,ime Arietids 
L-Scorpids 
y- S a g i t8 t a r  ids 
A-Sagitt'arids 
0-Ophiuchids 
June Lyritls 
Juiie Bootids 
T-  Cet,ids 
p- Sag i tj t8ar ids 
r- Aquarids 

c1 6 Period 

Mar 26-Ju11 4 
Apr 18-May 29 

May 8-27 
Apr 25-Jun 2 

May 5-28 
May 5-Jun 2 

May 2Q-June 17 
May 21-June 15 
h4ay 19-Jun 14 
May 29-Jun 19 
May 30-Jun 18 
May 23-Jun 16 

J u n  4-Jul 15 
Jun  11-21 

Apr 21-Ju11 4 

Juli 5-Jul 21 

Juri 20-Jul 6 
JUII 18-Jul 5 
Jun  15-Jul 8 
J U I ~  19-Jul 8 

R/I ax 

Several 
May 5 

May 18 
May 18 
May 19 
May 20 
May 20 
J u n  2 
J u n  3 
Juii 3 
J u n  7 
J u n  8 
J u n  8 

Several 
Several 
J u n  16 
Juii 28 
Juii 28 
Juii  29 
J u n  30 

Table 2 - RIoonliglil and obscrviiig coiiditions in May-June 1989. 

Friday June  1 0.57+ 
Friday June  8 1.00+ 

Friday Julie 2 2  0.01- 
Friday Julie 15 0.63- 

Friday Julie 29 0.411- 

Ncw Rloon: 
First Quarter:  
Full bIoon. 
Last Quarter:  

April 25, May 24, June  22 
\ lay  1, May 31, June 29 
May 0 ,  June  8, July S 
May 17, June  16,  July 15 

The illuminated part of the A90011 is always given for 0" UT on the date indicated. The dates 
of the phases of the hloon are also given in UT. 
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The 71- Acjunrids which :;*crc produced lsy debris from Halley's Comet are a very spectacular 
s t ream especialiy ior sctit'll<>lli lieiiiispliere observers. Unfortunately, hecause the radiant reaches 
ciilminatioii during chj.i$+i hours. t,hc 9pA4qi.~arids cannot Ise viewed in all their glory. Although 
tiis? n . ;mai t  is equator:ai with a declinationi of -lo, the seasons are such that  it is daylight in 
i;?ucli of the northern llemisphere before t,he radiant can rise more than 20' above the horizon. 
Thc  southern hemisphere is more favoraljly pla.ced and the radiant is able to rise above 50' 
11 efo r c s uii I: i se I 
The i~ -Aq~ar i . ? s  are h s t  viewerl the last corrple of hours before sunrise approximately from 
3 :I 4 j 111 to  5"45" an-:. local time. Moreover, siiice i t  is ahout Iialfway between First Quarter 
and Fuli Moon aiouud imum, ~ i i l y  this short period before claybreak will be inoon-free. 
17- A clu a r i ds are char act, caliy f a t 7  yellow in color and hasye a train. It is not unusual for 

1 '  . ,  

these trains to be very 
llla 11.)- ID XI!! 1 n I?t fire11 a,f!s ~ 

stellt lastiiig IIIOW t h m  3 seconds. Also, the 7- Aquarids produce 
.,,. 

a g i t t ar i u s c 0 111 

This ~!anie  is given to the 1,arge nunilscr of c ~ l i p t ~ i c  strea,rns t h a t  are active in the constellations 
of Scorpius and Sagitda,ritis from Rlarcll to July. A l t h 1 g i l  many of these s t r e a m  produce 
only a h a n d M  cf ;an 
occa,sio:is. T1.e Scorpi tt,arids are n o t d  for the L r i l h n t  fireballs they produce. Although 
t,licir i3"ueni- ho(ly is :w, varioers arrtlisrs hi>s-e connected thein with Comet Lexell (1770 
I) avid t'lle Xpollo A "ionis and 1983 LG. 
In Ta,hle 1 I liave Iisted S O l i l e  12 components of t,l1e complex. f these, the most a,ctive amre the 
n I S coup j d s ? be LL,? - s coE':> i ~ the Corona. Aiist,ralitis and the X-  ,gittarids, which in most years 
pmduce os'cr 4 mrzetca~s per. hour a t  niasiniuni. Bwxuse of tlieir long period of activity and 
the fa,ct t 'bat t'iieir radiants are visible virtually the whole night, these streanis are not unduly 
1ii11.dered by tile AIo~II. 

er night', they hr7-e tieen icnown for unusually high rates on odd 

a y k i n-a e s I., 0YVe B" s 
Since the soutI.rtl.rn h e : i i a p  re is approacliing +,lie winter solstice, the long nights mean that  the 
raclinnts of several GE the i?.ic&jor ciaytjii1le sfrcniiis can sise substantially above the horizon before 

e two hest ca~-ididates for \:iCwiilg are the hhy o-Cetids a.nd the June Arietids. 
ams iudicatc that during the kist hour of darkness before dawn 

eteors per h o i ~ r .  Both tlie o-Ceticls and the Arietids produce fast - .  11 1 :I i:- ;TI li 1 t (3 color e cl 1x2 et COE' 8 which oft el1 l i  a w  a t r ai n ~ 

5 .  iL!finor Imorthersa 
c- 

tl:at the J m e  Ly7.id.s. 1)rocliice irregular activity from yew to  year 
Sinc~c: tl.1ere is a, Last, uarter on June 16, 

niiooii-free observations a.re only po~siiblc l-,efore midnight, However, aii n h n c e d  display of 
be er:~_c~uiy a,ffect,cd due to tlicir overall brillia,nce if indeed one does occur. 

The Jiinc Lyrids a w  aoted for being liluc-white in color and having a train. The  average 
nia,gnltucie of their 1969 disp1a:y was 2.0 nia1;iiig them ea.sily visilsle in a.11 but the poorest of 
slcios, 
The ,.J,unx Boolids were produced by clelxis from Comet kons-Winnecke a,nd provided a great 
clispiay 0x1 JUIP 25,  1916. Since this time hxthcr  good displays., hut  nowhere nea.r a.s strong, 
~ w r e  iiotjed 1921 and. 1927. KOTV~TW,  aft,er t,lie 1920s the sho~ver produced 2 or 3 meteors 
per h i r  a t  best. z,.c7en thxigh  calcuhtioiis show that Jupiter has perturbed the orbit of the 
iueteors awa,g' frana the ~ a r t b ,  another good d isphy could ~ o m e  a,t any time like the surprise 
i 9 6 6  p e a :  Eeonid storm. Thus observers sliould continue to  monitor the June Bootids on a 
regirlar Isasis. These nieteors iwre cliar:act,c.ristic.ally very sL01v and very faint,. Observers of the 
1921 a,iid 1927 displays said that the majority of tlie meteors seen were magnitude $4 or faint,er 
meaning that a, dark sky is a must, to dctcict than.  

1 aniging fr:on-i Zl1R.S (3f 1 to 10 meteors pcr 11our. 

- 7  Jr~ic- L)-ricls wii: I 

77 



WGN,  the Journal of the IMO 1S:2 (1990) 41 

A First Quarter Moon will affect observations to  some extent in the first part of the night, 
which is when then radiant has its highest elevation in the sky. 

6. Minor southern hemisphere showers 
The  r-Cetids were fir5t observed by Jack Bennett, the discoverer of the great comet of 1970-71, 
during the late 1970s when rates of 5 to 10 meteors per hour were recorded. The  r-Cetids are 
liest viewed the last couple of hoiirs before clawn. They produce often bright, fast, blue-white 
meteors that  frequently have a train. 
The  .r-Aquarids producc variable ratc.; from year to year. At best they can reach 15 meteors 
per hour and at worst almost zero a t  masimurn. Observers are encouraged to  keep an eye out 
for these meteors. The  ;.-Aquarids are similar in speed to  the S-Aquarids and like their late 
July counterparts produce many metcors iii the magnitude $2 to  $4 category. Few 7 -  Aquarids 
produce trains. 
Both streams can be observed m-itli a f<ivorable Moon. 
VJe look forward to seeing the rcsults of your observations. Clear skies and good viewing! 

Call to 
Dirk Artoos 

~~~ ~~ 

On A p d  25, 1988 (A, = 34088), I received a high number of reflections at 10h UT. Observers 
are a,sked to list'en aronnd this dat>e. 
Also, there is a possiliilit,y for chylight met;eor a.ctivity a t  June 11, due to  the Earth-grazing 
a,steroid 1989 UR. According to  C h i s  t i m  Steyaert's calcula.tions, the coordinates of the possible 
radiant are Q' = 80' ,and 6 = -06'. 
Below the observability function is given for 50' N, 0' and 50' S. The  value (a percentage) is 
given for each hour loml time for the clirections South, West, East  and North. 100% corresponds 
to the best observability, 0% with t,lic ra,diant under the horizon. For the calculations, a four 
element antenna a t  a n  elevation of 45', a transmitter distance of 1000 k m  and a transmitter 
power of 30 1iU' were assumed. 

Table 1 - Observabilily function for a four-elcment antenna elevated at 45' for each hour of the day 
(local time), four cardinal tlirect,ions and &ree latitudes (100 = best observability, 0 = 
radiant I1elow the  Iiorizoii). For t,he calculat,ions a transriiit8ter distance of 1000 kin and a 
traiismit ter power of 30 Itll' was assumed. 



Donald W. Olson, viest Tezns State 

Ax observer at Vidalia, Loukizi:a, USA, on April i 8? 1841, n o k d  m i  unexpeciedly intense shower from a radiant 
in Virgo. This may be first, record of act>ivity from t h e  Virginid meteor complex and may also be tlie strongest 
Virginid activity ever ~ c ~ r d c d .  
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Figure 1 - The radiant (+) of tlie slion.cr olm~rvetl  oii Apri l  18, 1841, fell near the ecliptic, as do inoderii 
\’irginid racliaiit,~. T’liis illiistr?:tmioii oi‘ t,lie Virgo region is from Atlas Cdes te ,  a nineteenth- 
century Freucli edit,ioii of John  Flaiiis~eed’s Atlas Coeleslis. 
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L' clc~isit~y of a meteor stream it is necessa,ry to linow the 
~ i r  I c ~ d  This field of view depends on the meteor's 
e m  of e.g. -+6 while a -6 firebdl d i  he visible 

( '~detecta~h!e" ) e~7eii ix4ihd the ~ ~ X W V W .  Siiice s:icb bright meteors are ra,re events (about one 
meteor of ad; least -3 ti-it8hin 5 hoiirs ohserving time as an annual average was found [ 3 ] )  we 

m in the s a n q ~ l c  used for the calcula,tion of the number density p. 
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For the determination of the effective size of the field of view for "ordinary" meteors we divide 
the  field into radial distance classcs of 5' width each, starting from the center. 

0 R 

Figure 1 - Rclative cuinrilnt  ive number of iiieteors observed in tlie dis- 
tancc clir\heb R f r o m  llie center  o f  tlre field of view. 

TllP class n = 1 O iiicludes the interval "705,12051. The 
iniicrmost c1as;s R = 5' includes the  interval [O',  7051. The 
clistriiice of a meteor seen (it5 brightest part)  from the cen- 
ter of tlie field is classified to its class R. 
Figmc 1 shows the observed cumulative number of mete- 
01s iiisicle the given distance R (2822 meteors registered 
in c!or~l)le count olxcrvatioiis iii August 1988 by an AKM 
groiip in the Bulgarian Rl-iodope mountains). At great dis- 
t m w s  from the field's center only few meteors were seen. 
Figiarc 2 tlcmonstratcs the reasonability of an effective field 
1 ~ : d i i i 5  of 5205. The slope of the  cumulative distribution 
iii Figiuc 1 strongly clccreases a t  tha t  point. About 98.7% 
of tlic iucteorspei i  appear inside this field with R = 5205 

(class 50'). The remainiiig 1.3% arc dirtrilnttcd o~7er the classes R = 55'-70' and can thus be 
neglected. 

100 

98 

96 

Figure 2 - Detail of Figure 1 for the 011- 

ter region of &lie field 

Th.e eflective radius of the field of ~ ~ i i e ~ u ~  c.f' n ~i~isuaE obsemer arn,ounts t o  5205. It  is regarded 
to  be circular. The nzimber of  m,etcow ,with distances R > 50' can be neglected (very few 
meteors; shower association at such (7, distance i s  very uncertain, and the meteors have to  be  
regarded as sporndics, norrnnllyj. 

The corresponding arm cit t h e  m e t e o i .  leiicl 
Figure 3 shon-s the projections of tlic fieltl lioundaries ( R  = 5 2 0 5 )  for a field centered at  the 
zenith ( h f  = 90') and ailother oiic c m t c ~ c t l  a t  Izj = 50' onto the meteor level (height H = 100 
kin) at the right scale. 111 tlie first e tlic Inojectionr of the isohypses appear as circles around 
the zenith. X field centeied a t  11s = 50' corresponds to a larger area a t  the  meteor level. Tl i~is  a 
liigher number of meteors shoiild lie espccted. On the other hand practical experience gives no 
hints towards systematical aiid sigiiificaiit tiliffereaices Letween observers 1ool;ing to the zenith 
or t o  a point of smaller elevation. Consccjuently, the area of projected field of view cannot be 
regarded as a measure of thc iiunibcr of meteors. 
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i 

For the caic~nlation of the. puoiJc~biiitiei of 2mccl)tiorr it is necessary to know the ratio of the 
nrea (and hence the coiitril)ntion of mctcors) for cadi tlistauce class from the  cellter of the 
observed fieid relative to tlic total ficlcl -4ik. Thc exact calculation of the areas is quite involved 
in the caqe of a field not cc;ite:rd a t  thc zeizith (11j  < 90'). 14'e use the following method: 

.I. computation of the l-mundary h i p 5  for each distance class at the  meteor level (cfr. 

2. the  isohypses in Figure 3 arc ck- ic?  a t  the meteor level surrounding the zenith (for 
appendix); 

the calcuZatio;i of ccrtaiii li:icc, s w  apl'eizdix); 
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Figure 4 - Principle of the tlctcriiuiiatioii of tlie reduced areas Afi for a given dis- 
taiice class. As a17 csamplc tlie outer parts of a field of view at h j  = 50' 
are iepiesenLet1 (liatclictl arcas). 

3. graphic cleteriiiiiiation of tlic ar(lil9 A; for each distance class and for each range of 
elevation h, choosiiig a suitnljl(. scale. Because of the skyline of the horizon. only 
elevations h > 4' were talwa into accoiint (for a detailed description, see appendix); 

4. deterinination of A12 for wc.11 distalice c h i ;  
5. summiiig up thc v a l i m  of A n  according to cquation (1) in order to get A l e d ;  and 
6 .  calculatioii of the ratio of tlic ar'cas of th5distaiice classes to the total field of view: 

For all computations of -4x and il,c,tl a lieiglit N = 100 kin was assumed. The procedure was 
carried out for lzf = 40°, h f  = 50'. and 7 2 f  = (55'. Furthermore we estimate the influence of 
the altitude H relati7.e to  tlie i'staiidiir(l'' value H = 100 lim. We take into consideration the 
calculated areas Aled a i d  Al, for I)! = 90' as well as digerent values of the  population index r 
(Table 1). 

Table 1 - Influeiice of the altitude II ancl the population mdcx I' on the area Ared, for /if = 90' 
(zenit 11). 
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Within the range 2.0 5 1' _< 3.5 covering tlie common showers as well as t e sporadic meteors 
the deviations of Ared for altitudes betIT(Xi1 H = 90 kin and h? = 110 kin do not exceed 10%. 
The largest differences appear for 7- = 3.5. In Table 2 we summarize the values of AIR for T = 3.5 
demonstrating that the deviation for the altitudes other than 100 km are less than 5%. 

Table 2 - Area Ak for zenith field ( I I ~  = 90°) a i d  r = 3 5 .  

From these calculations it is obvious that wc can neglect different heights of the luminous 
meteor path and that me can consider H = 1(IO I C K ~  as a constant. 

4.5 

4 1 
i i------ p- 

3 F 

Itd A 
km2 

Figure 5 -- Dependencc of tlic rctlucctl a1 cn zllcc, u l a n  obscrver 011 tlie population 
iridcx I' lor tlilfclcut fields of ~ i e w  (clevatioiis of tlie centers l z f ) .  

In Figiirc 5 w r  driiionstxntc thc ~ l q 3 ~ x i ~ l ~ u ~ ~ ~  of L-l,tc, 011 tlic popidation index I'. In the case 
oi a larger value of I' w a r  miiitli arcw5 ~lloii l t l  1)o p r o f ~ r i c d ,  ~vliile towards lower r-values the 
favorable elevation of t!ici cciiter of tlici ol)vm-ing iiel(l is ahout /if = 50". IVithin the usual 
limits of r one should not find sigiiificdiit ( l ~ ~ i ~ i  t i o i l \  causecl Iiy tlifferert h f .  This also agrees 
with the practical expeiiencc. 111 iiioit c a w 5  f 110 oli~cr\-er clioosm h f  x 50'. Furthermore we 
should lieep ii1 mind tliat we talie irito i Ic<'olult awragc  extinctioii values [4]. They may differ 
from the actual situation. Tliercforc a cletailcd con~ idc r~ t ion  of elevations of the field of view 
differing from hj = 50" does not llldlie much sci i~c.  II'e may use the values of Aled given in 
Table 3 calculated for h f  = 50" and H = 100 h i .  Tlic values can he approximated sufficiently 
for the given interval by: 

(3) 
1 8 2  Aretl(?.) = 17s 700r-  
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Table 3 - Area A c e d  i n  dependence on 7' for h~ = 50' and 11 = 100 km. 
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3. The p ~ o ~ a b i ~ i ~ i ~ ~  of perception 
The probability of percept,ion 11 of a met,cor can be calculated from the true number y of meteors 
appearing and the number of olxervetl 111 77 by p = n/p. The probability p depends on 
the ma,gnitude, or more precisely on tlic ence between t,he (meteor) limiting magnitude 
and tlie magnitude of the meteor: 

(4) 11711 = 1111 - m 

as well as from the  distance X from tlic cc3nt)er of the field of view. Furthermore the probability 
of perception is influenced by tlic angular velocity, the trail length and the train of a meteor. 
IA'e t ry  to  find a \ d u e  of t8he prohal)ilit,y p(Am) for each magnitude class averaged over the 
entire field of viewa 
The double count m e t h o d  
The  method and tlie accompa,nying pr01~lc.m~ were already described in detail in [ 13. We describe 
the procedure of ohservation and analysis also in the appendix (to appear in part  II, in the 
August issue). Here w e  add some renin,rks concerning tlie restrictions of the method. In tlie 
case of double coiint olxeriations with ideiiticr-11 field centers, 111 M 112 for a given meteor. The 
effects described in [I] do not a,llon- dctcriiaiiia,tions of p 5 0,s from such observations with 
suEcient certainty. In t,he other c c (field centers 20' almrt) the probability of perception of a 
meteor in the center of tlie field 11se r . i~  1 ( 1 1 1 )  is almut 2-3 times higher as for the observer 
2 a t  20' distance ( ~ 2 ) .  From tliesc 0bserva.tions with field centers 20' apart we caii derive 
probabilities t o  p 2 0.1 without st>roiig scl ion efiects. IT'e obtain values of the probability 11 
for R = 20'-40' wit,i-i good certainty. If we enlarge the distance betn-een the centers of the fields 
of view of tlie tu7o observers to  35' t,lie alrea,dy iiientionecl fac,tor increases to 5-7 and a,llows 
a, calculation of the probability to 1' 2 0.05 for R,= 35"-6O0. Towards brighter magnitudes 
the probabilities of perceptioii p of hotli observers tend t,o become equal, and t,he value itself 
increases. Thus the  calculated proba1,ilities for S U G ~  meteors a,re certain. 
Detemnination o f  t h e  pmbizbilities of perception j r o m  doiible coimt obsevvntions 
For our analysis TVF ha~7e at h a n d  a saniplc of ahout, 5000 meteors noted during the double 
count observations of AILLRX, BXEPE, IGYOAN, KOSRA, REN1". REKJU, a,nd SEIHO in 
1983-1989.1 The ma.jor par t  was done in 1988. The  material includes observations of all three 
versions mentioned (field centers of I N  t,li observers identical, 20' apa.rt, and 35' apar t ) .  In 
part  II of our articie ' i i 7 ~  present rmult,s concerning tlie observers separately. Here we restrict 
ourselves to an  average. 
At tlie beginning we determined SJ mat ic  tlevia.tions of tlie percept,ion of SEIHO from the 
average. Therefore w e  conilined only t,lic ot,lier observers t o  c,alculate average probabilities of 
perception. Furtliermorc we trea,t,ed t'lic. c l a t a  of the three sets ( O' ,  20°, 35' distance respectively) 
sepera,t,ely. Observa,tions carried out undc'r different limiting magnitudes were combined into 
tivo sets for an interval of half  a 11-iagnit.utlf. width in limiting magnitude. 

The abbreviatioiis refer to  the 1.1IO ol )~ervcr  codes i n  the Visual i l fe teor  Data Base (TOIfDB) and caii be 
found e.g in the  report  miioiiiiced 011 p. 30 i u t d  (lie I)acB cover (Ed ) 
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0 R 5 
I .  

7 
Figure 6 - Raw c!ata of p(Av19 R )  for soiiie a,n lsefore any smootliing a i d  graph used for the 

further evaluation. 

m m ill m rn m 

a f ~ e r  the first smoothing for soiiie distance classes 

Tliese groups are: 
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Meteors of a n:agiiitude class arc. piit  into one group. An average magnitude diiference Am. 
weighed with the nuiiiher 71 of nictcors seen, v a s  calculated. For example, we put together the 
meteors of the class 172 = $3 5ecn imclci 6.75 5 1m < 7.25 and of the class m = $4 seen uiidei 
6.75 5 1111 < 7.23. TT-eighed wi th  their nuiiilm ?i we ohtain an average Am = 2.89. 

For the calculation of tlie probahilitici of pcrceptioii p g  see [l]. The values of p calculated 
are then smoothed graphically ovcr I? for each smoothed Am.  After tha t ,  values of p v-ere 
smoothed graphically for each diitaiicc c1ac;s R. All grapliical smoothings were carried out 
using a logarithniic scale on the 01 diuatc. Icleiitical relative errors appear then in the saiiie 
size. 

Figure G shon~s the d u e s  of 11 calcula tetl Lefore any smoothing. It demonstrates the amouiit 
of scatter in these va1uc.i clcrivcd from the olxcrmtions. In Figure 7. w e  show the result after 
the first smoothing. 

, 

Figure 8 - Probabilities of perception ] I (  A m ,  R )  for m i l e  magnitude clifferences Am in dependence on R. 
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Figure 0 - Prolxi1,ilitics of pcrcrpt ion p(  Am, R )  in dcpeiidence oil Anz for some 
distaiice classes R.  

In order to  get smooth graphs for thc fiirthcr analysis we smoothed again over the distance R 
and the magnitude difference Ani. Tlic result is shown in Figures 8 and 9 and also given in 
Table 4. / 

Table 4 - Probability of p ~ ~ c e p t i o n  12 i n  c lependc~~cc 011 A m  ( I ~ o r i z o ~ ~ t a l  scale) and R (vertical scale) as found 
from t he  doublc coil 11 t o hser va ti oils. 

r 

40’ 

0.5 

iJ . 0 3 4 7 
0.0252 
0.0186 
0.0135 
0.0100 

1.0 

0.0777 
0,0550 
0.0390 
0.0275 
IJ. 0 19  5 

1 . 5  

0.158 
0.112 
0. (1 775 
9 . 0 5 5 0 
0 . 0 :3 8 n 

(). 0 724 

~ 

4.0 

0.98 
0.95 
0.91 
0.85 
0.74 
0.617 
0.478 
0.346 

0.112 

- 

0.200 

- 

- 
4 .5  

1 
13.98 
11.95 
0 .91  
0 .83  
0.723 
0.616 
0.500 
0.362 
0.208 - 

- 
5.0  

1 
0.98 
0.98 
0.93 
0.87 
0.81 
0.723 
0.645 
0.588 
0.524 - 

8.0 

1 
1 
1 
1 
1 
1 
1 
0.98 
0.95 
0.93 - 

Remembering the limits of the double couiit iiicthod mentioned earlier we have to  consider the 
d u e s  of p for Am < 2 to be uncertain. Fiirtlier calculations are based only on the values for 
Am 2 2. 
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The values of p given in Table 4 aic not usable for analysis of observations in this form. TYe 
rather need an average probability of perception p ( A m )  over the effective field of view of an 
observer. This can lie calculatcd ljy averaging all p(Ain. R) for each magnitude class An2 
weighed with the area .Al , :  

p(Am)  = C p ( A m .  R)AI, (5) 
H 

The arca AI, depends on thc population indcx r and the elevation of the field of view h j .  Thus 
also p(Am) depeiids on tliese quantities. 

In Figure 10, we il'iustratc tliese effects on tlie probability of perception p ( A r n ) .  The figure 
sho.il-s the graphs of .ink for the liiiiits of thc parameters to be considered (2.3 5 1' 5 3 . 5 ,  
400 5 72s 5 90') for PI = 100 lilli C i 5  well a s  a n  av&'agecI graph for 1' = 2.7. h f  = 500. 111 order 
to  find out the effects on ~ ( A I I ~ )  c a u d  131- .ink differing from the average mentioned we give 
the extreme ~7alues in Tahle 5 including tlic relative deviationr. 

Table 5 - Proixibilities of' percephoii p(Ani) for t he  extreme values of A&" 

As already iiientioiied, the values for p(An? = 0.5) are uncertain. But  for the further procedure 
the linowledge of the fainter niagiiitude classes is of some importance. The  differences given in 
Table 5 are  the highest to  be expcctcd. The  cff'ort to  introduce the  complete dependence on 
the population index T and the elcvatioii of the observer's field of view h j  is not appropriate. 
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Practically, the error reduces, since most ohervers prefer to  observe a field centered at h f  = 50’. 
Table G summarizes the portions of tlie ficld -4; for the “standard” data set. 

Table 0 - Portions of the ficld for Ihe “standard” data  H = 100 km, 
h f  = 5 0 ° ,  1’ = 2.7) i irc .d = 28 790 h2. 

~4ssuming these values and talcing tlic prolJahilities giveii in Table 4, we may use equation ( 5 )  
to calculate the probabilities of pcrccption p(Am) for tlie inagiiitude range Am 2 2. 
Culculnting probabilitzes of percaption( for fumtcr meteors 
The uncertainties of the probalilitics of pcrccption for fainter iiieteors derived froin double 
count observations near the limiting magnitude (A172 < 2) are too large. Therefore we calculate 
these from the inagiiitucle distributions of tlic sporadic meteors gathered by the same observers 
during the August 1988 cainpaign. 
Data of the nights of tlie Perscid maxinnim (August 10-11 to 12-13) have been omitted because 
of a probable change in the perception in such nights with high rates and frequent appearance 
of lxight meteors. 

Figure 11 -Raw data  of t h e  proI~ah111tie~ of perception p(A7n) calculated froin 
t h e  magnit uclc c h i t  ri1,utloiii for fainter meteors and smoothed graph. 
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First, the population index I' wab calculated for each observer and  for each night according to  
the method described by Steyaert [5]. This calculation was restricted to  the magnitude range 
Am 2 2. !Ye used the prol>aLilities of perception p(Am) calculated in the previous paragraph. 
For the magnitudes An( 2 2 we get the linear expression: 

From ( G ) ,  we can derive the  true ntimhcr of meteors p in the magnitude class m: 

For tlie magnitude range covered 1)y the visual observations (at  best to  about 7.5) we may 
assume the population iiidcs 7' to 1 x 2  coilstant. Thus we may extrapolate the regression line 
towards the fainter magiiitude claiics. Tlic. piobability of perception then follows from: 

Equation (4) allows the conJ-ersion from m into Am. Figure 11 shows t'he values of p(m) found 
through this procedure a,nd a, gra,pliica,lly esti imted curve. 

The function p( Am) 
KOTV we have found values of the prolialiili t8ies of perception p (  An2) 

1. using t)he double count ohsermtioiis; a,nd 
2. using the i ixgni t ude dis trilni tion. 

Both fit well in tlie tramition range. Figure 12 shows the result of our effort. 

We also tried to fit this grapli with t,lie wnalj.tic expression which should be of tlie type: 

TVe did not find a satisfying solutioii. Since w e  consider classes of 1 magnitude width for the 
calculation of the pi'ohahilities of pcrccptioii p( Am ). the values are averaged over such interval5. 
For instance, p ( A n 2  = 3.5) is not the prol>ability of perception of a meteor for which Am = 3.5 
liut is the average probability of pcrccption for mcteors in the range 3.0 5 Am 5 4.0. Therefore, 
the proliahility for ~ic.ga tivc, ~ - ~ , l u ( \ s  of A7/7 is not necessarily zero. Of course the probability to 
see a meteor for which exactly An7 = -0.2 is zero, but  with a limiting magnitude of e.g. 13.8. 
meteors for n-liicli 172 = +7 (whicli i i i ~ m 5  1 6 . 5  5 7n 5 $7.5) might be spotted. Hence we find 

/ 

p(Am = -0.2) = 7 x lo-" > 0 .  

4. Calculation of the spatial nuiiiber deiisity 

Spatial number density of ,meteovoids c a w i n g  m.eteors of at least $6.5 

First. it is necessa,ryv to ca,lcula.te t'hc. truc' zc4tlia,l hourly rate  ZHRt from tlie observed ZHR,, 
correct)ed for a field of \7iew wit,h a. ratlius of 5205:  

11; i t h : 
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k 

Figure 12 -Prol)ability of perception p(A7n) as an average over a field of view of 
R = 3 2 ? 5  €or the group of experienced observers. 

Note that the magnitude cla.;s 771 = +G iiicludcs $5.5 5 nz 5 $6.5. Thus all meteors up to $6.5 
~ O ~ I C L ~ I J U ~ C :  io tlie t e r m s  ill eqiration (11). The correction factor c depends on the population 
i i ic tus  7 -  and the prolnabiiity of pcrceptioii 1 7 :  

~ I I I C C  the. ohserved rate ZHR, is rcduccd to  1111 = (3.5, ]>(Am) = p ( 6 . 5  - m)  is used in equation 
(121 ctccoicliiig to  equation (4) Tlic iniigc --cx < ni 5 + G  i5 only of theoretical importance. 

use 1im?2--w C::,=-, Y " ~  = 0, -,-cry liriglit metcois have practically no influence on the 
t .  Siiice the ia!~Ies ~ ( A ~ I L )  are avcrages over a niagnitude class of 1 magnitude width, we 

cdLillate ( { T )  f ~ i  the :ailge - G  5 717 5 SG using a step width of 1 magnitude. 
Table 7 - ('oi~cction Extol c ( r )  for tlie values of T of practical im- 

poi t aiice 
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Instead of the numerical v-dues of Table 7, we may use: 

(13)  c ( r )  == 10.659. - 12.15 

which is sufficient for the range l.S 5 r 5 3.5. 
T h e  spatial number densit,y of iiieteoroitls producing meteors of magnitude at least 6.5 then is: 

with v, in kni/s. For Arc.d, see ecjuatioii (3 ) .  Using Ared implies a distalice of 100 linl and 
neglecting the effect, of estinction. Consequently, we rather obtain the number density of 
particles causing meteors of a t  least 6.5 in absolute magnitude. 
Spatial number density of meteors with a, ir).ass ill 2 
\Ire already descri1:d the metl-iod for tlie case ;If 2 2.5 x g in [2]. For analysis, a inass 
of g is commonly used. In [2], an  error occurred in the conversion of equation (15) from 
cgs- to  SI-units. Therefore, also tlie nuineric values in the equations (16) and (17) of [2] a.re 
incorrect, The correct, espressions are: 

g 

All other numeric values and equations ill [a] are correct, as well as the values given in Table 3 
of [2] since these were calculated l q -  ~iicaiis of tlie equations in cgs-units. (Accidentally, the 
numbering of these equations is iclcntical in 130th  papers.) 
If we consider a mas? of g a s  a reference, equation (17) leads to vo = 29.1 km/s. From 
this ive obtain: 

o ~ L ~ l a ~ ~ o ~ i  index ail 
All relations described before are strongly clependent on the population index r .  Especially the 
number density p is a.;f-fected. Therefore wc must pa,y attention to  the determination of this 
value. We propose the iiietliod of Steynert [5] applying personal probabilities of perception (see 
part  11) I 
The nia,ss distribution within a iiietcor sliowcr is characterized l>y the mass index s .  According 
tJo Hughes [6] it is defiriecl as fol1on.s: 

The mass  d i s t d m t i o n  index, s ,  is de.fi~ted suck that the number of meteoroids having 
indivadud masses between lkf and ii f  + cliU is  proportional t o  M-' .  The cumulative 
number of particles with 'masses greater than Jl will be proportional t o  it4'-' 

Therefore n-e may n.rit,e: 

asn cl fur t 11 eriiiore : 
b 

which leads to: 
441 

1112 - ???I = 2.5blog - 
A42 
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The definition of the populat,ioii index r gives ttlie relation: 

Coinl3ining equations (19) ,  (21) and (Z), we obtain: 

. For the connection between lioth incliccs v e  find: 

s = 1 + 2.5blog r 

O f :  
s - 1 12.5 b r = 10 

According to  equat,ion (15), we may use the value b = 0.92 to obtain: 

6. Coiiclusioiis from part I 
The method described allows the calculation of tlie spatial number density p from the observed 
ZHR,. The restrictions concerning tlie certainty were already discussed in [2]. They are also 
valid for p(A4 2 g). Comparing tlie values of the factor c(r)  given here and in [2], the 
question arises hom7 certain all these values arc. The  factor ~ ( r )  is quite sensitive to the prob- 
abilities p ( m ) .  The probabilities of perceptioii p (  Am, R) calculated according to the method 
described in [l] are too small for large distancc classes R. Including the observations with field 
centers shifted 3 5 O ,  we now oh tained iiiucli more certain values. Furthermore, the simplification 
of the calculation of AL in [l] was too large for the outer distance classes. Consequently. the 
too small p(An2, R) of large distances R were tdie11 into account in equation (5) with a larger 
weight, resulting in essentially larger valiics of c ( r )  in [%I than calculated here. 
An evaluation of the entirc procedure will l)c given a t  %he end of part 11, scheduled for the 
August issue of W G N ,  after comparing tlie results of all individual observers participating. 
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e ers 
Ruiner A d t  

_____ . ~.____ ____- __ 

In order to investigate the distrihit8ior! of cclil,i ical  radiiIli!S, a simrdatioii involving 1000 raridoinly distributed 
orbits for ecliptical particles was rnatle. It is concluded t>hat, most probably, faint ecliptic radiants are caused. 
hy such particles. A few distiiict shoivers m a y  have heen caused by short-periodic comets that superimpose tlie 
dusty ecliptical plane. 

If you look a t  a radiant list, yon will fiiitl a jiimble of minor showers situated along t’he zo- 
diac. There are such radia,nts like a-Lcoiiicls (SLE,), p-Virginids (hWI) ,  a-Scorpids (-4SC) and 
x-Scorpids (CSC). (The parent,licsizcd a.lJlireT-iatioiis refer to  the radiant’ list in [l].’) Just in 
spring this unfortunate nieclley g out of hand. Rates a,re very low and radiant drifts are 

to reliable meteor streams possihly associa,ted with any comet or were they once detected by 
sewral meteors iiappening to clis-ergc f’roin a inore or less defined point in the sky? The  ZHRs 
of incidental showers reacli 1 to 2 [ Z j  aucl iiiostly the a.ct~ivity of the mentioned radiants does 
not exceed this Iiacligrouiid. KOTVCT-CI’, since we ohserve several fireballs and characteristical 
metxors, an increased sporadic l.)ac.kgroiui~l slioidcl exist, ca,iised by interplaneta’ry dust parti- 
cles concentrated in hlie~ plane of’ thc c>cliptic.. Yet by no means radiants of those bodies are 
distributed homogeneously o i w  t’he cclipt ic. 

In order t,o find out -iyhetlier t,liere exist m y  preferred directions of radia,tion? n7e developed a. 
model assuming t h a t  d l  ecliptical particlcs have a.n iiicliiiation of 0’ The algorithm consists 
of t ~ v o  st,eps: 

1, determinat,ion of tlie lxirt,icles’ Idiocoiitric velocities ai7hile crossing the Earth’s orbit; 
2.  vectorial additmion of this wloc i t j -  wit>h the Earth’s orbital velocity. 

In this way about one thousaiid siniulattcd meteoroids were rmde travel on ra,ziclom orbits 
crossing tlmt of the Ea:art’li’s and liaviiig alalielioris between 1.5 and 5 AV. The calculations 
yielded the apes distance E of tlic racli;iiit positions, thus being independent of the date. 
Not SL1rPrislligj.S;, two sect,io:ls W i t L  c.onc.c.nt;r.i~tiols of radiants appea,r, one for prograde and 
one for retrograde mot,ions. This is j List, nrhat  Roffarieister f ~ u ~ . i d  in 131 from his catalogues of 
meteor radiants. Figure 1 shows tlic tlist,ribiition of percentages of radiant positions in ten- 
degrees-steps depei:de:lit on apex clistance, ;~rodnced b y  the simulated “Eclipticids”. Since a,ll 
li~1o.t~~n short-periodic CQllletjs iiiove 1)rogracIely the  s l o n ~ r  section at E = 80’ is liliely to be m o r e  
interesting. \Vhich shoxers can l x  rega~rded to belong to  this ecliptical “stream” ’I Undoubtedly, 
P * ‘ O  T’irghic1s7 Scosjsids, Capricomirls, ~ - A 4 q ~ ~ a r i c l s  md Piscids can. 
But what’ a1mut winter anid cd:? spriiig s h o ~ r w s ?  Therefore, the second lmrt of this inves- 
tigation de!t with ,iiririg n i e t c~ ) r s ’  mortlinat8rs a,nd clekrmining possible radiants in the 
period from mid iher t,o t,iie cud of h ~ h r c h .  A considerable number of AKM meteors 
lilxiy r ach t ing  :i eclipt,ic IVC~YCI plot tcx! on large gnomonic sta,r maps with their center 
at  ct = lo1’ and b = 0’ (Sc3xtans). A411 of’ their ba,cl;-ward tracings were drawn at  reasonable 
distances from the I)egiriiiiiig poiiit,s aiitl ivit,li 1ength.s corresponding to  the angular velocities 

. Taliii.ig iiit’o accoiint, that, such ecliptical radiants a,re less prominent than e.g. 
uadrantids., we 1.1sc.d cacli iiiap for a five-day period. 
simila.r siietliocls to oli tail1 the  st,ructure of a radia,iit complex. The first one 

coullts the uumnber of ies crossing a. ccirta.in area of the sky whereas the second one counts 
the nuriiber of iiitersc ons of l > a 8 c l i \ ~ ~ r t l  tr;i.ciiigs in a, elefiriccl a,rea. Each procedure has i ts  
a ,dvantqes  a n d  disadvaiit,ages. The. secofid one yields i iery distinctive dist’ributions. On the 
other ha.nd. it 4s .i-ery sensitive to  badly tlistriimted meteors. If there are a, lot of parallel meteor 
t‘rains, 110 int’ersection occms a n d  a siiigle meteor crossing the  parallels perpendicularly will 
then cause a very sha.rp ra,tliant,. 

~.~ ~ ____ __ 

p 0 0 i-ly liilorv iI a 1 t’ h o ~ g  h 21 c t, i vi t y iotls rcacli one or two months. DQ these radiant8s belong 

1 

An updated l:st can be found 1 1 1  llic report a i~ i iou~iced  oii p .  30 and the  back cover of this issue. (ed.) 
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apex distunce E I 

Figure 1 - Distril,ution of racliants causccl by one thousand randomly 
siiiiulatctl orbits crossing (hat of the Earth with semi-major 
axes between 1.5 autl 5 A U ,  in  tlepeiidence 011 tlie apex dis- 
tance. E w r y  orbit W R S  urcd for the calculation of two ra- 
diants: oiic for direct aiitl one for retrogade motion of the 
imaginary I3otly. Additionally. tlie averaged geocentric ve- 
locities Ti ,  of 1 hcse L L i ~ i e t t ~ ~ r ~ i d ~ "  ase given. 

Xevertheless, having a great deal of ~vcll-clistributed AKM meteors, we chose the intersection 
iiiethod. The counting area had a size of five l ~ y  five degrees, referring to the interval length. 

'IVliat are the results of this rather spot-clicck-lil;c investigation? The first map of December 
12-1G still shows the hlonoccrotids (MOY) w r y  distinctly. (The Monocerotids are not an 
ecliptical shower, the geocentric velocity is too high). The 6-Cancrids appear on January 10 
and reach a very consiclerablc le~7cl coniparcd to the background on the map of January 11-15 
with the radiant splitting into two centers a t  N = 120', S = 15' and a = 130', del ta  = 20'. 
They merely disappear on the following iiiap, whereas tlie January 21-25 map shows them 
again, with the same high level a s  ten dav5 l)cfore, only with the radiant lying a t  cu = 130°, 
6 = 15' following the radiant drift. Tlic secoricl coniponcnt of the double radiant mentioned 
above seems to move to a = 150°, S = 15'. This position corresponds exactly to what is 
called the $-Leonids in the Arbeitsk?cis Mcteore (AKM).  This means we could consider both 
slioweqs co-existing. The following nial)s show a widely dispersed radiant structure. Possible 
$-Leonids and 6-Leonids (DLE) and l q i n n i n g  Virginicls cannot be sufficiently distinguished. 
From the February 20-24 map onnwds ,  tlic. racliant of the Virginids appears unambiguously 
with a steady radiant motion. The extcnsion of the radiating areas amounts to  some 10'. 
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This and the complexity of the radiaking structure and its uctuations are caused to all ap- 
pearance by vario-m pa,rticles filling the space between the planets on nearly random orbits in 
the ecliptical. plane. These particles origimted in comets or asteroids or were simply around 
during the whole 1::e-time 3f the S o h  System. The dusty ecliptical plane is superimposed by 
several short-periodic comets posssilily causing the Taurids and Northern x-Orionids. 

Hence there is no use trying t,o ohserve i>s ma.ny showers as possible which are poorly known? 
whose existence is riot e~7e11 confirmecl aiid whose rates are very low anyway. V’e t’l-link the 
IMO radia.nt, list should ra.ther conta,in only a few ecliptical showers. Nevertheless, regular 
observations will give us the possibilitgr to distinguish real showers from ecliptical sporadics 
unprejudicedly. Ifore compreheiisive investigations on computer will provide us with further 
interesting data a . h ~ i i t  t.he structure of ecliptica,l and possibly cometary meteor streams, There- 
fore, visual observa,tions by plotting meteors on star maps are not to be neglected. 

. n  
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E s ti m at i n s 
Andre‘ Knofel 

-4 iiietliod is proposed for estimating tlie brigliliiess of fireballs using street lights. These lights can easily be 
calibrated using sliver-sphere photometry. ‘I’he d c v a n t  formula is given. Also, the relationship between age 
and brightness of the  hfoon is given, which can be used t o  determine the reflection coefficient of the sphere. 

The starry sky offers the possiibilitJy t,o estimat,e the brightness of normal meteors. Comparisons 
betm-een esperieiiced meteor observers ~ 1 1 0 ~ s  that brightness estimates of most meteors (at 
least of the directly ol~served meteors) differ only by about half a magnit.ude. However, as soon 
as a fireball appeaas. also esperienced oliservers have very great difficulties in estimating its 
lxightness. The reasons are the absence of a n y  posGbility for comparison with stars on the one 
hand and a lack of experience wit,li briglit, fireballs on the other hand. 

Only the IbIoo~i, J;enus, Jupiter and, sometimes, M a x i  are sufficiently bright to  serve for com- 
parison. The varying brightness of V ~ ~ I S  can be found in any better astronomical almanac. 
The lxightness of the Moon is not given in such a,n almanac, but we can find its phase. Figure 1 
shows the dependence of the bright,ness of the Moon on its age. The values were obtained by 
means of a. simple method descxilxcl later. 

Unfortunately, these Ixightnesses a,rc only very rough clues for estimates, since, most often, the 
fireball will not do us thc fa,vor of haviiig t,hc brightness of our object of comparison! What we 
actually need are rimre ohjects of coinparison! 

Most observers use a, s p e d  oliserving sitc. It is a curse of civilization that  the observing 
conditions are not perfect. Besides geiicral lirightening of the sky there are often streetlamps 
in the immediate surrouiidiiigs liotlieriiig the observer with their disgusting photons. However 
these troubleiiizkers can be used as rcJfcreIice brightiiesses for estimating fireballs. Then of 
course you need to califxxte these strcet l a ~ ~ i p s .  

The simplest a,nd cheqxst  iiiethocl to do that is a silver-sphere photometer. 
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2 4 6 lo ;:days 28 26 24 22 20 
Figure 1 - Relatioiisliip IAwccn  t h e  age of the hloon a id  its brightness. 

Therefore, you need a reflecting sphere (e.g. a colorless spherical Christmas tree decoration), a 
long tape measure (at  least 20 ni), a pocket calculator and clear weather. The image of a light 
source appears in a convex mirror nearly as a point source and can be compared directly with 
stars. For the calculation of the brightness of tlie lamps we need the following information: 

ma: the brightness of the coniparisoii star, 
T :  the radius of the sphere (in mi), 
k: the reflection coefficient of the spliere, aiid 
u:  the distance between tlze eye and the silver sphere (in cm). 

The coefficient of reflection can lie taken k = 1 for a new sphere. We observe the image of 
the light source on tlie silver-sphere a t  i i  distancc a, so that its brightness is equal to that of 
the directly observed (bright) star. The obseri-er’s position is such that he sees the image of 
tlie light source and the comparison star close to each other. Pay attention to humid nights 

The brightness of the light source L can tlieii be calciilated using the following formula: 
causing condensation on the sphere! 

< 

1 7 2 ~  = I ~ S  + 5 108 1’ + 2.5 log k - 5 log - 1.5053 

For a precise value of k ,  you can transpose the forxniila to  k. With the exact brightness r n ~  
given (e.g the brightness of the Moon olitaincd from Figure l ) ,  you can then calculate k .  If 
you have calculated some light sources oil your observing site you might have a good collection 
of comparison light sources for the estiniittion of fireballs. Of course, this does not mean you 
have to  observe meteors ‘.under floodflight”! As a general conclusion however: do not destroy 
the lamp in your neighbor’s garden; once, you might need it after all . . . 
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11 erg- New- Yorli, 1 9 75 , pp . 3 0 9-3 1 0. 

[3] D.B. Herrmaii, “Silberliugelpliotoiiietiie clcr totalen hlondfinsternis 1957 Mai 13-14”, Mit- 
teiluqen der Archenholm-Sternwnl.te Bedin-Tmptow 51, 1959, pp. 7 a.f. 

1984, 1111. 87-88. 
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Num sities i 
Jiirgen Rendtel 

~ ~~ 

Calculations of the number densities within tlie meteor showers associated with the comet P/Halley are pre- 
sented. The average valucs indicate about equal densities from the stream's core in q-Aquarids and Orionids. 
Comparisons to other showers are added. 

Both of the meteor showers associated with the comet P/Halley have been subject of obser- 
vatioiial programs (e.g. IHW) as  ell as of model calculations. T h e  Earth crosses the particle 
cloud twice. resulting iii the  ~~-Acliiaricls aild the Orionids. h4cIntosh and Hajduk [l] proposed 
a ribbon-like structure. Ha jdulc's analysis in 1980 [2] yielded a fine structure, but McIntosh and 
Jones [ 3 ]  conclude from their model calculations, that  the stream cross-section is more comples 
then the ribbon-lllce structure nieiitioiied bcfore. 
For the verification of any model, olxcrvational data  are needed. In case of meteor observations, 
results are given mostly as ZHR ( Z e n i t l d  Hourly ate) values. This is the number of meteors 
appearing when: 

1. the radiant is situated a t  the zenith, and 
2. the circumstances of the  observation are "ideal" (limiting m a p .  SG.5, no clouds). 

Such values have got to be convertecl into physical quantities as particle flux or nuiziber density 
in order to  use them in model cA-ulations. Of course, there are some uncertainties. One 
of tliese concerns the relation between meteor magnitudes and particle masses. An approach 
was described liy Koschack and Rencltel [&I. In this paper, we present the general density 
distribution within the q- Aquarids and the Orionids. The results agree with flux calculations 
based on television ohservations of thc Orionids by Duffy et al. [ 5 ] .  Both use the rna9s-magnitude 
relation of Verniani [6]. 
In hilay (11-Acluarids), the Earth renclm niore inner regions of the particle cloud than in October 
(Orionids). The  density valiies were calcufatecl using averaged observations of Australian groups 
(1981-1986) for V-AqtIarids, and Dutch and GDR groups (1984-1987) for Orionids. Table 1 
and Figure 1 sho~v the result5 of the calculations. 

Table 1 - PJiimbci density Q A ~  as a miiItip1e of 10-' per km3 within the meteor showeis 

. 

associated with P/Tlalley. 

ZIIR 

2i 1 
3 1  1 
3 i  1 
4 f  2 
7zk 3 
8 f  3 

1 3 1  4 
30 -I 12 
46 i 15 
39 f 15 
3U 1 15 
1 8 k  8 
1 2 f  5 
8 1  3 
7 1  4 
5 1  2 
3 %  1 
2 1  1 
2 r t  1 
1 1  1 

9 .\- 

0.67 

1 .Q1 
1.35 
2.35  
2.69 
4.37  

I . O I  

10.1 
15.5 
1 3 . 1  
1Q.1 

6 06 
1 0 3  
2.69 
2.35 
1.68 
l , 0 l  
0 (i7 
0 67 
0.3 3 

190° 
1 9 2 O  
194O 
196' 
1 9 8 O  
200' 

204O 
206' 
2138' 
21o0 
2 1 2 O  
214O 
21G0 
218O 
%20G 
222O 

2020 

Orionids 

ZHR 

1 1  1 
li 1 
2 f  2 
2 1  2 
3 1  3 
4 f  3 
5rf 3 
6 i  3 

1 2 i  5 
23 f 10 
1 5 1  8 

8 1  5 
5 r t  4 
4 1  3 
3 1  3 
3 1  2 
2 1  1 

0.39 
0.39 
0.77 
0.77 
1.15  
1.54  
1.92 
2.31  
4.62 
8.85 
5.77 
3.08 
1.92 
1.54 
1.15 
1.15 
0.77 



64 T.VGAr, the Journal of the IMO 1832 (1990) 

Figure 1 - Passage of the Eart,li Ihrougli t . 1 ~  streailis, a f k r  IIajduk [ 2 ] .  9“” is perpendicular 
to the  orbitjal plane of t>lir C O I U C ~ ~ ;  (‘M”’ is perpeiidicular to the comet’s motion. 
A, refers t80 solar longittides n i i c ~  enr t,o i i u i n ~ ~ r  ciensities ( X  krnu3). 

The dotted colatours are, of course, soniewhat speculative. They may indicate similar number 
densities at equal distances from the core. Coinlmred to  ot,her shomrers (Table 2),  the P/Halley 
associated showers a,re quite thin. The fine structures mentioned by Hajduk [2] indicate varia- 
tions of about 50% i:i number density. F 

Table 2 - Comparison of iiunibey densities g,y (as  a multiple of 
(particles with inmses 771 2 2 . 5  x lo-‘ g); peak values. 

per k1n3) in  different showers 
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AIcIntoslz B.X., Hajduk A , ,  Mon. Not.  R .  Adi-.  Soc. 205, 1983, p. 931. 
Hajddi  A., in: Solid Payticles zrr the Solcr? System, Rcidel, Dordrecht, p. 149. 
AIcIiitosh B.A., Jones 3.. Mon. Not. R. As f r .  Soc. 235, 19SS, p. 673. 
Ii‘oschack R., Rencltei J., W G N  l G ,  198S, 11. 149. 
D ~ f f y  A.G., Hswkes R.L., Jones J., hfon .  Not. 8. Astr. SOC. 234, 19SS, pp. 643. 
Vernimi F., J .  Geophys. Res. 7S, 1973, 11. 8429. 



TVGA', tlie Journal of the IMO 18.2 (1 99Q) 

0 bservat io 

65 

An overview is given of extensive 1989 7-Aquaricl observations by Australian observers. 

1989 has seen Australian ohservei s OIICC again carry out extensive observations of the 7- Aquarid 
meteor stream. The 1989 watch lwgan on April. 24-25 a d .  ended on May 11-12 when poor 
weather and moon prevented further observations being made. During the watch, results were 
obtained on 16 nights. These c o ~ e r c d  n total of 121 man hours of observing time. A total of 
18 people participated in tlie project. Their names were as follows: 

John Druinmond. Jeff Jl'ood, Nicholas Harvey, hiartin Coroneos, George Platt, Mark 
G ~ Q S S O ~ ,  Andrew Caiiiineschi, G u y  BIaci;nian, Martin Sale, John Kelley, Chris Weigh- 
ner, Maurice Clark, Itiiii Felstead, C:iciig l l inton, Shannon Powell, Adam Marsh, Roger 
Vodicka, Davjci Steplienson 

ZHR-values for the 1989 yAcluarid9 are shown in Table 1. 

Table 1 - ZHR-values for t,lie 1989 r~-.Aquarids obtained from Australian observations. 

Date 

Apr 24-25 
Apr 26-27 
Apr 28-29 
.4pr 29-30 

May 01-02 
May 02-03 
May 03-04 

Apr 30-31 

0.9 & 0.7 

8.4& 1.7 
13.6 & 1.2 
l6 .8 f  2.6 
20.4 i 0.8 1 24.6 i 3.8 

I 3.8 i 0.8 

I 29.9 i 3.9 

ZWR Nr .  Qbs. 

43.9 ?C 10.5 11 
42.6 & 7.7 13 
3 2 . 4 i  4.2 6 
28.0 ?C l . G  5 
38.6 i 4.0 8 
25.3 i 2.4 3 
1 9 . 3 i  2.0 3 
14.6 zk 1.6 3 

The 1989 rl-Aquaricl <la t a  clearly shows the tloubk inaxiinum that has characterized displays 
of previous years. Tlic first iiiaxiiiiiini occiirrecl on Magi 5 wit11 a ZHR of approximately 50 and 
the second on May 8 with a ZHR of approximately 40. el0117 is a global magnitude distribution 
of the 19%) rpAqusrids. 

Table 2 - hIagnitiicle distribution ol' tlie 1088 q-Aquarids in Australia. 

Using correction factors dcscribctl by I h s a k o v a  (19GG),  upon the magnitude distribution listed 
above we find that the iiiagnitudc ratio is I *  = 2.4 for meteors between -4 and + 5 .  

Of the 726 q-Xcluarid meteors of iiiagnit)ucle $2 or brighter, 44.7% were white, 42.4% were 
yellow, 5.2% were grccir. 3.4% ~ w r c  l,lue, 3.0% weIc orange, 1.2% were red and 0.1% were 
violet. 32.2% of the q-Aquarid nir)teors SC~CII had a train. All of these were of short duration 
with nolie lasting niorc tliaii 10 secoiitls after the meteors themselves disappeared from view. 
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Fall and serva s 
Richard 7hibi 

om Maryland 

An overview is given of meteor observations coiitluctctl i i i  Maryland, USA, during the  fall and winter of 1989 
A mini-outbreak of the 1,eoiiids on h‘oveinbcr 17 After 10” TIT is suggested. 

Observers worldwide had to coiitcnd n-i t 11 t l i c x  Full hfoon during Eeonid and Geiniiiid masima. 
The  Moon also iiiterferecl witli tlie Orioiiitls aiifl tlie Taurids. h4aryland’s weather sometimes 
esacerbated the celestial iiuisance factor ljy adcliiig clouds or extremely cold (-35’ 6 )  windchills. 
All of these factors l q i t  m y  meteor total  wc.11 i)cloiv what I would have liked to  have seen in 
1989. 

16 Taurids were seen during 15 liouis’ olxm-srcition from October 8 to November 13. No fireballs 
were seen, in contrast to  1988’s total  of foul firchalls. I was puzzled, too, by not seeing aiiy 
meteor on Koveinber 13, the date  of tlic Kortliein Taurid maxiiiiuiii. 

I assuiiicd that the Leonicl ra te  was still TWJT low, or that  the nearby Full Moon had hidden 
almost all the  Leonids in my sky. Until Georgc Gliba, mother hfaryland observer, contacted me 
a n d  reported that he had seen 10 Leonicls in a 40 minute period lietween 10”lO” and 10”50m 
UT, in a cloudless sky witli cz poor avc~ragc~ liniitiiig iiiagnitude of 4.38. This period commenced 
10 riiinutes after I had givcii up oii No.c.enil~cr 17. TT’hctlier this constitutes the beginning of a 
Leonid mini-outbreak or siiiiply l~c t t c i  p c i c  )tioii on Mr.  Glilia’s par t ,  I do not know. I hope 
that observers who have i i i o i ~  wcstcrly loiigitutlcs will rcport their findings to  elucidate the 
possibility of a n  outbreak. 

Poor weatlier prohibited iiiteiiiive iiionitoriiig of the Gemiiiids this year. Clouds parted long 
enough to see 8 Geminid5 in a two-hour post-pcak pciiod on December 14. One highlight, 
however. was seeing a -6  Gcmiuicl wliile clri\-ing lioiiie after an ohserviiig session on December 
l! 

The  Ursid maximum occurrecl cluiiiig a frigid Mast horn tile North pole. I did not see aiiy 
Ursids in what aiiiounted to two sliy cliccl;~ on Dcccmlicr 22. h4r. Gliba braved the -35’ C 
winclcliill to observe for onc liour and was r c n - a i c ~  wvitli six Ursicls (seen between 1 0 ~ ~ 0 3 ~  anc1 
11”05”1 UT witli a limiting magnituclc 5.5). A nearby Alexandria, Virginia, observer, Ruthi 
Lloore. saw two Ursids in about forty miiiiitcs’ o1)xerving about UT to 9”40 UT on December 
22 also. 

Visual s 

the Gemini eteor 
7’. R. Manley 

A iiictliod is described for obtai~iing i lC t1 \  i t )  ],I o f r l c b  o f  iii(.~coi showcis from radio observations The  method is 
applied t o  1988 aid 1989 Gciniiricl obwivat 10115 

Visual Cou:its from Radio Eclioei of tlic Gmiiiii(1 r\Ideor Shower RIeteor showers have two “ h l ”  
patterns in them. One of tliciii i, due t o  diiirii,il iisiiig and  setting of the  shower radiant and 
the other *.!d” results from a pealiing of the nicteor count.;. In the case of Geminids, the two 
..T\I” patterns ale scparatcd fiom eacli otlic.i. ’rlic highest visual counts occur near the middle 
low of the “M” patterns. Because of tlii5 f a c t ,  riiissing values have t o  be inserted graphically 
by esteiidiiig tlie values at lower altitiitlcs i i p ~ d  in a smooth sinusoidal fashion. 

- - - - __ - - - - - __ __ - - _ _  - --- 
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In order to obtain graphs of tlie 198s a i d  19SO Geininids, the tops of the graphically inserted 
missing values of diurnal and peali ciirvc4 were connected into a rolling curve as shown in 
Figure 1. An averagc' line w a 5  tlicii clraivn through this rolling graph. The graphs of the 
Geminids in Figure 2 arc rcsult of usiiig tliis method. M y  graphs for tlie Geminids of 1988 and 
1989 are quite similar to  the one of t l iv 19S5 Geminids found on page 180 of Roggemans's well 
written 19S9 Handbook for Visual Afcteor Obscrvatzons. 

1204 
110- 0--- 1988 

- 1989 100- 
90- 

80t 

/ 
/ 

*"I 10 
I I - 

'I1 12 13 14 15 16 
Figure 2 - Radio activity profilc of' f h c  1988 and 1989 Geminids 

To obtain accurate values for these graphs. one must use the appropriate horizontal and vertical 
s'cales. Also, the voltage cutoff valucs for tlie visual component of meteor showers must be 
determined a t  a time wlien 110 major 4iower is present. Usually, about 2 to 10 meteor counts 
per hour occur at  these time?. 
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I” 3 

Peter Aneca 
_____ _____ 

On November 4-5, 1989, an erihanced meteor activity radiating from a, point, near E Cassiopeirze was noted. 

The Belgian ama,teur J a n  Janssens st,artcx% his ol.,servar,ion more in the spirit of stargazing on 
the night of November 44, 1.989 a,t the ~ k e n d  of Amatevr Astronmners, an  annual meeting 
of members of the Vereniging 21001’ Ste ku,.n.de (VVS) in elgium. Starting at  23”1.5m UT, 
he saw five meteors ra,diat,ing from Gassiopciil in R time spa of only 6 minutes! Besides those 
meteors, also Taulrids mid sporadics were seen. After those amazing six minutes still more 
Cassiopeids were oheervcd, altliough they iwre generally fainter than those of the earlier bunch. 

i 
111 total, 13 Cassiopcids were olxeu*.~e~l I d o r e  W’l.5”’ UT,  in a, I5 minute watch (interrupted 
liy clouds). During the obser-i-at,ioii 20% of t!ic sky w a s  covered wii;fi clouds and the limiting 
magnitude .vr-a,s 5.8. 
Jan Jaiisseiis also noted scam: det.ails of ilie oi~servcc? Ca.ssiopeiiis. The  brighter meteors, 
lirighter than m.agnitude 3 .  were of long diiraiion: 0.5 t,o 0.7 seconc!~, and they  ere red- 

to  0.5 seconds. An sf the meteors 
started in the  neigbhorhocnri of E Ca \Vhm olriservimig conditions were ’ V I ’ O ~ S ~ ,  still 
some bright inet’eors nwre seen ra,dia,ting from t;he Cassiopeia radiant, however, these are not 
included in the  13 mexiticil=cd a11o-i-c. In t’he period i~etwleeai? 23””im and Oh15’n UT, also 4 
sporadic meteors and a n  m!inowa niim1m of Taurids wrre observed. 
In [I] two possihle showers are foulid. TLc: first is niimber 754, active from ISovemlier 5 to  
Decemher 10 with a ma,simuni ZHR of 2 i ~ c t ~ w e n  Td‘o-ircmixx 13 a d  17. Reference [1] gives a 
double radia,nt with a == 40G, 6 = +GOo anid 0 = 34* 5 = i-65’. T h e  other one is number 759: 
Active lietween Xoveid~cr  8 amtl 13, v;it>h a, ma.sirnrxm RR of 120 o i l  Novemlser 9 (A, = 226r98). 
The latter slioiver was di:j<;o\fecd in 1969. It is I-; poss”;>!e to incllcate which of the two 
candidates is the most likely. In [%GI, no possihlc showers could lae found. So two questions 
arise. First: if the   shower^ iilent,ionecl in [ are  acai, then the  observation of J a n  Janssens 
could be new evidence of t h i r  exist,ciicc. ii the other hmacl, it  is very well possible that 
the showers mentioned in [I] are spuriorns a i  t l i m ,  the high a.c,tivit8y noticed by Jan Janssens 
could be a new meteor siioir-cr. I-lowe-i-cr, if i h  iii~possiblc t,o j’-iEip t a  coi.,c?usions without further 
information. Therefore a : d e c l  a n a l y i s  of ci;?t ,a of t h e  past, (espaecia,Ely the 1989 Taurid data) 
is necessary as well as new ohser~4 .oni  canipi~,igm, 

__________________ -_ ___ 

opciac. 

c- 

I v i s h  t’o thank Jan Ja,r iis for comini:iiic-.atiq h i s  ohservatiom, as vveil as  Cliristia,ii Steyaert 
~ 1 1 0  i l ~ f o r ~ ~ e c i  IIE ahorit t h ~  Ca~siopcids i:i [ n j .  
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A 198 ireball near 
Noel White 

~~ ~ 

Details a re  given of the track of a -6 Perseitl fireball that appeared on August 12, 1989 a t  23h34m45s U T  in 
the  are of Birmingham, Leicester, Not tingham and Derby, England, U K .  
_______ ~~ 

On the cover of the February i suue  of W G N  ( W G N  18:2), one of my two photographs of -G  
Perseid fireball on -August 12, 1989. 23”34m45s was shown. These photographs turned out to 
have an interesting sequel. 
Following recent illforination in the As t ronomer  magazine, contact was made with Gary Poyner, 
an  aniateur astronomer. who oIjwrvc4 a n d  plotted this fireball from Birmingham, UK. An 
analysis was attempted by Roy Panther of Korthamptonshire, UK, well-known for his comet 
cliscovert, who, a t  o m  time was engaged in meteor observation, photography and computing. 
Although the results are approxiinat(. lxcsusc part  of the data  is visual, they are as follows. 
T h e  fireball track coiiiiiienced a t  a height of 86.6 k m  near Nottingham, UI< and ended at a 
height of 81 kin to the IVNIV of Birminghani, UIC. The observed track had a length of 40.6 kin. 
T h e  speed was 32.7 liil1/s. A i n a p  slio~vs tlie position and relation to the North. 
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Perse id  F i r e b a l l  1989. 

Figure 1 -- ’I’rnck of tlic 1989 -G Perseid fireball near Birmingham, U K .  

After a very busy period last fall the n.umber of contributions f o r  WGN i s  down a little 
bit t h e  last couple of montfi,s. As  CL con,.s’e(l’ile71,ce, this issu,e, which could contain u p  to  54 pages, 
h,as t o  be lim,ited t o  42 pages.  So, plcnse, tu.ke your p e n  at hand and write down what you d id  
in meteor  astronomy laiely! (Ed.)  
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Pegaso Y 
Casper t er M d e  

Most participants of the 1989 Internnt%on.n.l Meteor Weekend a t  
have learned aboint t,he programs for niiet,eor olxxrvers. A iiuniber 
developed by Pegasofit. This soft \mre is especidly inteiid 
article present,s a list of programs available now and the 1 

ala.tonfoldv& in Hungary 
these progra,ms h v e  been 

for use by meteor observers. This 
s t developments" 

1. MOONEFM: An efeiiierid of the RIooii. 
2. SUNEFM: An efernerid of the Sun. 
3. RADEFM: The height of the ra,diant, 

Phases of the  Moon, 
ates of Ea.ster, 

6. METORBIT: Meteor dymmics in the a,tmosphel:e, 
7. SIMPRO 1: hIulti-station meteor predictions I a d  
8. SIMPR02: M d t i  station meteor predict,ions 2. 

All these programs have lieen traiislatecl ixitm English. It is espected that they are self- 
esphiiiing. Xevertheiess, there is a README .TXT and an INFO .TXT file supplied with the pro- 
grams. If one has suggestions for iml~roT."ii~~ii~is,  plcase send them to Pegasoft. We can include 
these in new versions of d ie  software wliicli will be fox tlie benefit of all meteor ohservers. 
The softwa.re is inteiided to niii on a n  113M or compatible p e r s o d  coniputer. 640 1iB RAM 
meiiiory, a hard disk and coprocessor arc rccomiiit:iicled t,o run the  software smoothly. We are 
worliiiig on a version for Atari liased mncliiiirs too. The software is supplied on two 360 kB 
or one 720 1iB floppy Clisli. The Pegasoft progra.ms for meteor observers are st'ill in the public 
domain. One can obtain these progrmis by sending a. request t,o 
145, NL-3732 XD De Bilt, t h e  Netherlnn.ds, inclucliiig two 360 I\: 

Book 

e "Saintly Tears", pubdisK.ed bz/ "S, 'us *', T ~ i q  ~ ~ - ~ i ~ ~ ~ ~ , a ~  .iWnmascala, Malta. Price: 8.5 
tlg jk-un. "Sirhus") 

This special issue of Si1.%7i.s1 t h  i-iiagazi ic Astronomical Society of Malta. is entirely 
devoted to the impressive woi*li cluriiig tlic summer of 1958 by the h/raltese meteor observers. 
Malta, is an independeaitj islaiid in t,he M d i t e r r a n e a n  Sea, 316 lim2 large, numbering about 
350 000 inhabitant>s, a n d  few places 011 Emt,l; couiit so iiiaiiy meteor observers as Malta, per- 
centagewise. The publica,tion covers a,ll t,lie 01 rvational results obtained in the Perseid epoch 
of 1988. The style of an  observat,iona,l report has been improved to make it a t t rx t ive  and 
informative for a more genc~nl  rc,a,dersliip. Contributions a,re presented in sepa.r.i,te chapters 
~ i t h  a lot of descript,ive test, seyeral line diagrmis mid only a few nurneric tables. 
T l i r ~ ~ i g l i  tlie entire work, the clifferent coiit,ril)ut,ors were successful in the purpose of discussing 
1958 result)s, always comparing tliese t,o prcvioiis years' result,s. Tlie numeric tables are kept to 
a strict iiiiiiiiiiuin, to provicle soiiie suimiarizcd I:RW hourly rate data to people who \miit to use 
the observationa,l data, for their own annlyscs. The raw liouriy rate table is a very close match 
to the VMDB format of IMO; I only iiiisscltl t,he geographica,l coordinates of t!ie observing 
sites. The only aspect neglected in the ra ,v  clat,a suiiiiiiary a,re the niia,giiitude distributions. All 
literatiire references are list,ecl in dehail ill a srpara,t,e hibliogra,phy. The overa,ll impression of 
this work is very positive and 1 recoiiiniencl mcteor Jvorliers to  order a copy. As the number of 
available copies was 175, cto not wait too long to order your copy! 

USD. (Not ava.ilable f r o m  IMO: o 
/ 
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