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Ti1 older t o  avoid misunderstandings, we do recommend you however to accompany your pay- 
ment with a letter to P~-tul Roggemans stating what exactly you ordered, how much you paid 
aad to  ~ h o m  and by wliich means y o u  made the transfer. 

Of course. the cheapest way of arranging these matters is to pay cash at  the I M W  in Violau. 
If ~ - e u  go there, do not miss this opportunity to save money, to avoid late payments, and to 
help us to update our membership and subscription lists as quickly as possible! 

i ~ ~ ~ i ~ ~  policy 

N o t  that many reactions about my editorial comments in the previous issue reached us. Be- 
low w e  the opinions of Alastair McBeath and Peter Brown. Some more comments on this 
isswe b y  other peop le  would b e  most welcome! Maybe this topic should also be discussed at the 
International Meteor Weekend in, Violau? 

Firstly, should the  item !‘Yew Evidence for a Cassiopeid Meteor Shower” in WGN 18:2 have 
lieen published, and should similar items he given a place in future numbers of the Journal ? M y  
ansv;er has to be If all a journa,l publishes is “conventional wisdom” then there is no hope 

- real progress. There must be a place for people to question what is being said, otherwise 
lice simply stagnstes; witness for example the extraordinary adherence to the Arist’otelian 

ccsmoiogy throughout much of the past 2000 years despite its being wrong in almost every 
im~jar a,spect. This is not, however, to say that we must accept every item without looking at 
its validity. In the case of the Cassiopeid paper, the editorial disclaimer was useful, and would 
l;e essential for any future items, but perhaps publication should have been held for an issue t o  
either clarify the points raised-in particular to obtain much more precise data-or to have a 
detailed, but not iiecessarily derogatory, critique prepared with reference to  I k f O  results surely 
the most reliable source of data on any new shower activity currently available. 

Papers of this kind should ideally be presented by the actual observers; a third party is not 
c?hrays conducive to be accurate recording and presentation of the data. This malies such 
observers rather iiiore accountable for their statements, which may or may not then be borne 
aui by  further discussion, It certainly makes obtaining the original informat.ion a great deal 
easier, if nothing else. 

The omis must be ox. the authors to provide as much detail as possible in unusual reports. The 
recent lengthy discussion on the nature of the “”meteor trains” presented in WGN 17:4 have 
largely been possihle its the original iteiii did not coiit’ain sufficient detail on the observations, 
t h : s  a, nuiiiber of possible explanations have come to light, and it has not really been practical 
to  rule out any of them. Perhaps the best solution in these cases would be for the author 
to  contact t’he appropria8te IMO Commission Director before publishing the paper, to  see if 
otliers have reported anything similar either a t  the time or previously. This would prevent the 
repetitive publication of items on, for instance, curved meteors, which were actually caused 
l q  birds catching in street lights-an iiiiprobable exa.mple, perhaps, but it shows what might 
happen without some degree of control. If after discussion with the Commission in question 
the author still wishes to publish, then a forum should be  available for them to do so, but of 
course an additioiial period would have been allowed for a suitable response piece t,o have been 
prepared. This should also eiisure tha,t a reasonable factual paper then ensues as well. 



At the end of the day, the editor, based on advice, is responsible for what is published in the 
jouriia,l he or she edits. This means that the editor’s sa,y is final, and should be treated as such. 
To ensure that  the editor’s position is not then undetermined, it is important that contca,dict&ory 
statements should not be issued. The receat closure of the ““llieteor trains” correspondence in 
WG’N /8:2 folIo~ved by i t s  re-opening, howe~er  brkdy,  in 18:3 is a case of p o h t .  The re-openiiig 
was iiecessa,ry it seems to m e  because one of the authors did not, provide a suificimtly detailed 
account of the  phenomenon they were describing in the first place, 

Finali.y, it is as well to remember that even an incorrect paper or one of clul~iciis .idire may 
n7ell be the cat,alyst ~vhicl; set’s in motion a. train. of thought which eventually lead to deeper 
underst,andi.ng sf some aspect’ of OUT subject. s v:e ca.n?lot, possibly tell rvhat mighc set such 
a chain of events in motion, x e  would do i;l.el -t to i!.!.iscouat, any item, i ~ Q ~ e v e r  unii:;ely tiley 
may seem. M’hile the tale of Ne-ivl-on and the falling apple may wel! b e  apocryphal, nwuld w e  
really have wanted to be the person standing in  the way of his seeing i t?  

It was very interesting to read Paul’s a:r:ci Ra,lf’s csxnxner;“c9 about Pet’er 
the Classiopeid shower. 

7’11~ y~iaper howc:ver7 may have received more criticism than it deserved. TpVliiie it is tulle t h t  
suhsrantial conicltrsions regarding an antburst of this sort are warrante oniy n.lzen a cc?n.ri-ilc- 
iizgly large nun:ber of independenz olnseri’ations are received I do ~ h i n k  eter A I I W ~  atte;lipted 
t c ~  do t’his in his paper. 13y presenting the observation lie has brought the data, to the at,teiltion 
of those in tjle meteor community who in at^ the resources to lol!ow it up. 

It .would have been Iaet’ter perhaps for Peter to  coxxmnica,te t>he ohser.i.ations to 
Coriimission privately and i ~ d d  a m u c h  stronger case for the proposed shower b 
lishing, Relying 0x1 the B,M§ catalog to bi.nild a case is quite unacceptable as this si3urcc has 
never been cleai.1~; established to have built itx database from convincingly rigorous iixth.ocZe of 
013 S orva t ion. 

f coiirse witliout plots, as Paul arid Ralf point out it is virtually jrnpossible to verify if indeed 
this was a, reputable s h o ~ ~ e r .  Only future observa,tions (preferably of a photogmphic nat,u;:e) on 
or a,bout; November. 4-5 can make up this unfortunate discrepancy. If indeed there is no mention 

edible sources Peter Aneca iists and there are no other coilfirming observz.tioiis 
alf suggest and if no future return is noted, i;lneii it seeins rea,soa.able -lo ass:nm.e 

the shoaver was a r:hance lining up perhaps 1x:ought about by subjective ideas the observer had 
after sccizig two or three meteors corning from the area around e-Ca,ssiopeiae. 

I a m  very interested in the possibility that  this was a little group of meteoroids (13) a!? having 
sirni1a.r orbits and i-neeting the Earth 11y chance as Paul a,ncl Ralf suggest’, Having not seen this 
sort of ~neteoroid swarm mentioned in the literature I am curious as t>o where this explanation 

Peter Aiieca is, a.t worst, guilty of merely jumping the gun  a,nd publishing this observation 
before consulting with other m7orkers a,nd looking tlrirough many s o ~ m e s ,  

’%’tie point raised hy Ralf and Paul about lie editorial, board’s responsibility is a very valid one. 
While I T W U ~ ~  not call the work “nonsense” I think a limited form of review of major articles 
might) he in order for WGN. Notes axid straight’ observational reports should contiiiue gohg  in 
to WGN as before and liad Peter Aneca’s paper gone in instead as a short note inentiorling 
the observation and asking observers to watch on this date I think no hasm. tvould have lieen 
clone. I ,would like to  hear what other members of the editorial board think ahout the idea of 
this sort of a limitcd reviem7 system. 

neca‘s paper regarding 

arose, 

Peter Brown,,, June 6, 2990 
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ou t  radio observing 
Jeroen Van Wassenhove has some comments on two orticbes tn prevzous issues o j  WGN re- 
gardzng radzo w o d .  
First. I have some comments on the article of Dr. T.R. Manley in WGN 18:2. pp. 66-67. The 
method of reduction as presented in the article is very simplified. The observations should be 
corrected with the so-called “Ohservahility Ftrnction” [l], which is similar to  the application of 
the ZHR correction for visual mork. The observahility function is calculated with the program 
- ‘ F ~ r ~ a r d ’ ‘  (release 3.O), wliicli includes the antenna gain, power of the transmitter and many 
other parameters. If one applies this correction, one will notice that the so called “ l4”  patterm 
will change dramatically. Comparing the successive days (using the corrected values) or periods 
with each other will give a more cletailed view of the activity profile than plotting all observations 
011 one time scale (normally, solar longitude is used). 

inmeiits are about the article **bkteocs by Radio” from .S. Morrow and 
N 18:3, pp. 90-94. Using tape recorder fo rsvard scatter system 

x r i  be a proper solution but has some disadvantages e tape, a lot of 
:x;ne~-ioor reflections ( ~ e a l ;  ones) are simply not  recorded is so significant (5-1376) 
t h t  we stopioed using tape recorders. Even hi& qua his disadvantage. Chart 
recorders on the other hand perform inuch better and yield more information about the meteor 
rciiectiorl. ixself. (asiiplitade, duration) a Holil’ever, external signal source? such as liglateniiig, 
ccrtarn 5witches, . . . r  produce a signal which is similar to a meteor reflection. Except when 
tlre ipeed of the chart recorder is ratlzer high, it is not that  easy to distinguish the “1-ubbisli” 
i i o i ~ i  tlie meteor reflections (especially with iighteningj. So uvxdcl like to reconimerid radio 
o l x e r ~ c ~ ~  to  keep listening with a headphone, even when they use a chart recorder. It ~ o ~ l d n ’ t  
be tlic first time that a Perseid campaigii is spoiled clue to t h i s .  ost people shut don.n their 
systrm nilien t l iex is heavy lightening l x c a  ~ J W  t ! z u  financial come elices of a lightelling strike 

bservalility P m c -  

ssenhove, Jime 1990 

are l-iigh. 
teyaert, “Forward : -4 General Program for Calculating the 
15:3, June 1987, pp. 90-93. 

‘The Visual Co~imiission 
P I I R ’ I I ~ ,  is s c ~ ~ ~ ~ l ~ ~ l ~ ~  on t 

riishop at the Interiiatioiial Meteor Violau, TVest Ger- 
evexiing of Fricla,y, September 7 .  T o use the time most, 

ively and to amvoid a pointless discussion, I propose to establish a loose program n7itlii 
we r a n t  to cliscuss. People having another topic for discussion should contact me 011 

~seople not participating in the PMW have problems they want to see cliscussed, 
they c m - ~  csnt>act llze by mail. From my point of view, we should talk about the following 
issues: 
1. The i ~ ~ ~ i ~ r ~ v ~ i ~ e n t  of the new observing report] forms published in WCN 18:2. In order to 

2. ~ ~ ~ ~ l i f i c ~ t i o i i  of the contents aad the forma,t of the aiiiiual report, on visual data ,  
3. Since, the atrt8ic:le about t’he procedure to  determine spat,ial nuilaber densities, population 

and mass distribution iiidex loy means of visual observations, published in WGN 18:2 and 
this issue, covers one of the most important topics of visual work, Jiirgeii Rendtel and 
I want to take the opportunity to answer questions and to discuss problems of general 
interest concerning the subject. 

print a large mimlner of copies we have to  define the final form. 

People are asked to  propose further topics and to get ready for the points listed above. 





For the radio predictions for 1990, see the observability function in Table 1. The observability 
funcxictn is given for 50' N, 35' S. 0' and 35* S. The value (a percentage) is given for each 
hour local time for the directions South, !Vest, East and North. 100% corresponds to the best 
ohservabiiity, 0% with the radiant under the horizon. For the calculations, a four element 
antenria at an elevation of 45'. a transmitter distance of 1000 krn and a transmitter ps.l.:er of 
30 kI?' were assuined. 

F i g i i y e  I -. Radio activity observed in Septeniber 1969 by Dirk Artoos at 66.45 h f H i  
with an  aiiteniia elevation of 40' and azimuth of 275'. O%,~er~,at ioi is  u p  to 
September 20 were carried out between 8h30" and gh  10" [JT; afterwards, 
observalbiis were carried out bet)tveen Y"45'" and 10"15m U T .  

Taialc 1 -- Oi,servahility fuiictiori for a four-elcmeri~ antenna elevated at 45" for each hoci of :he 
day (local time), foirr caidiiial directions and  four latitudes (100 = uest observabihry. 
0 = rsdiaiit belaw the ~ : O P ~ X Q P I )  For the calculations a transmitter distance of 1000 km 
and ii tranbinitter power of 311 kTV was assumed. 

00 01 02 03 04 05 OG 07 06 09 10 11 1 2  13 14 15 16 17 18 19 20 21 22 23 

0 0 0 0 7 37 635 89 100 96 92 99 96 77 51 22 0 0 0 0 0 0 0 0 
0 0 0 0 11 59 8G I00 06 99 98 96 90 84 73 35 0 0 0 0 0 0 0 0 
0 0 0 0 10 58 81 89 94 98 100 99 95 94 75 38 0 0 0 0 0 0 0 0 
0 0 0 0 6 29 52 73 96 100 97 $19 89 62 41 16 0 0 0 0 Q 0 0 0 

-- 

0 0 0 0 10 '16 77 97 114 59 47 81 100 89 61 27 0 0 0 0 0 0 0 0 
0 0 0 Q 12 59 85 100 9 5  94 91 87 83 81 73 37 0 0 0 0 0 0 0 0 
0 0 0 0 12 58 77 79 82 86 90 92 100 89 70 34 0 0 0 0 0 0 0 0 
0 0 0 0 8 36 01 7!) 99 98 95 100 85 71 48 21 0 0 0 0 0 0 0 0 

' 00 s 

00 E 
00 N 

-35 s 
-35 1Y 
-35 E 
-3.5 N 

~ 00 Iff 
0 0 0 0 30 5 1  84 100 94 $6 0 78 10094 GS 31 0 0 0 0 0 0 0 3 
0 0 0 0 1 4 6 ?  87100 98 88 0 5 4 0 7 3 8 6 4 9  0 0 0 0 0 0 0 0 
0 0 0 0 29 74 78 50 11 0 0 100 99 98 70 39 0 0 0 0 0 0 0 0 
0 0 0 0 10 51 84 100 93 45 0 77 100 94 68 31 0 0 0 0 0 0 0 0 

0 0 0 0 8 36 61 79 99 98 95 100 85 71 48 21 0 0 0 0 0 0 0 0 
0 0 0 0 11 59 85 100 95 94 91 87 83 81 73 37 0 0 0 0 0 0 0 0 
0 0 0 0 12 58 77 70 82 86 90 92 300 89 70 34 0 0 0 0 0 0 0 0 
0 0 0 0 9 45 77 99 100 66 44 68 89 81 57 25 0 0 0 0 0 0 0 0 



Table 1 - Angular velocity ( ' i s )  as a function of the altitude of the meteor's beginniilg jjoilit 
h b  er!d t,lie distance L) between the end point and the radiant for various vaiues of a, 
sirearn's geocentric velocity V,. H b  is the altitude of the meteor's beginning (jcliii: 

above tire ~ ~ ~ t 1 ~ 9 ~  sayface. 

D =- 5 O  
1 0 O  
20O 
4n0 
6 0 G  
G O 0  



I "  

Reliable observations of minor showers require considering all criteria of &QW& *association . 
(see [I]). The angular velocity w df a meteor is such an important criterion. Since all meteors 
belonging ?,o a same shower enter the Earth's atmosphere at the same velocity Vw and start to 
light up at similar altitudes f f b  above Earth's surface, the angalar velocity of a shover meteor 
is completely determined if one knows the elevation j i b  of its beginning point and the distance 
63 hetm-een its  end point and the radiant D .  Table 1 on p. 183 shows the relationship between 
LV'. hb and D for some values of V,. For details of calculation, please refer to [I]. 
In order t o  take into account the angular velocity w as a criterion for shower membership 
ideatification, w has to be estimated in degrees per second and compared to the expected value. 
Therefore. use Table 1 on the previous page. This table will be published annually until the 
first availalPle opportunity to iiiclude it in the 

But how can w be estimated in degrees per second ? Estimating duration and calculating w 
by means of path length is difficult. It i s  much better t o  convert the sensation of the meteor's 
.iie!ocity directly into degrees per second. IVliile watching a meteor, the observer stores the 
phenomenon usually as a whole in his meiiiory. Then he fixes the path and estimates the 
mzgriitttde. Now it is possible to estimate w also: in thought, the obser r makes the meteor 
move for onc vxonid. Then its path length is w in degrees per second. ne becomes able to  
estimate w directly without this procedure after observing a number of meteors if one has the 
' L b ~ ~ L l c ' 7  in his I;ead. Estimates bj7 experienced observers differ by no more than 50%. 

0 ~ a ~ d ~ o o ~  f o r  Visual teor Observatzons. 

ere 11. c e S 

[ 11 Koscliack R., "Visual. Observations of ?Lliiior Showers and Association of Shower 
Proceedings of t h e  IMW 1989, Balatonfoldvsir, 1990. 

s: 

_______-__ ~-..~____________.___I____ 

Following the excelleiit activity of the previous two months, observers tend to feel let d o ~ i  
when rates return to normal during September and October. ecause of this; nowhere near a? 
much observational work has been carried out during this time even though there Is much to 

Table 1 on the next page gives a list of the active showers that occur in these months and Table 
2 shows the observing conditions moon-wise. The illuminated part of the i\'loon is always given 
for 0" UT on the date indicated. The dates of the phases of the Moon are also given iu UT. 

cjee. 

2. (r-Aurigids 
This nortlzerii hemisphere shower reaches niaximum on September I. Rates are variable from 
ycar to year'. The a-Aurigids are noted for producing fast moving yellow fireballs many of 
which have a train. The IMO requests observers to give this shower special attention in 1990. 
Further details on the a-Aurigids are to  be found in [1,2]. 
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Table 1 - A list of some of the meteor showers to be seen during September and October 1990. 

Shower 

r-Eridanids 
a -A wig ids 
Piscids S 
%-Aquarids 

a-Orio:lids 
Draco11ids 
E-G erninids 
Or ionids 
Taurids S 
Taurids N 

Uapricornids (Oct) 

~~ ~ 

Activity 

Arlug 20-Sep 05 
,4ug "-Sell 03 
hug  15 Oct 14 
5ep 08-Sep 30 
Sep 20-Oct 14 
Sell ID-Oct 26 
Qci @B--Oct 10 
a c t  14-Oct 27 
Oct 02-N:cv 07 
Sep 15-Nov 26 
Sep 13-Dec 01 
Oct 15-Jan 22 

Max 

Aug 28 
Sep 01 
Sep 24 
Sep 20 
Oct 03 
Oct 05 
Oct 09 

ct  19 
Oct 22 

K O V  73 
several 

K Q V  03  

adiant Drift 

Table 2 -' Mooiiligh~ aild observing conditions il; September--October 1990. 

Date 

Friday Ailgust 24 
- 

Friday August 3: 
Friday September 7 
Friday September 14 
Friday Septeiiiher 21 

I Date 

Fricia;: Septernker 28 1 0.59$- 
Friday October 5 1 0.99-- 

--c"- 
Friday October 12 I 0.41- 

I Friday 0i:rlober 10 I 0.004- 
Friday: October 28 1 0 . 4 2 1  

New hfoon: 

Full RIQOll :  

Last Quarter : 

August 20,  September 19, October 18 

September 5, October 4. November 2 
September 1. I I October 11, b'ovember 9 

First Quarter: AVgUse 28, Septe1nher 27,  October 26 

2.8 
2.5 
3.0 
3.0 
2 8  
3.0 
2.6 
3.0 
2.9 
2.3 
2 . 3  
2.9 

P 

ZBR 

-_ 

15 
3 
3 
3 
3 

storm 
5 

30 
1.2 
8 

This weak ecliptic stream is rictis7e from X u g ~ ~ s t  15 tbrough to ctsber 14. Rates are ger,erally 
one or two meteors per hour, but on occasions have passed 5 er hour aroulad the masimuix 
which occurs on September 24. 
Observers are enco7maged to monitor this stream. They should face the radiant area and plot 
all Southern Piscids seen taking care to distinguish them from the sporadic bzckgrsund. In 
particular, the angular velocity iiiust be taken i to account rising the tables ill the preceding 
article. The geocentric t-elscity of the Southern iscids equals 17, = 26 km/s.  

Table 3 - Radiant positions of the Soutberii Piscids. 
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This minor ecliptical stream has an activity period from September 8 to 30. It reaches a 
maximuin ZHR of 3 on September 21. Since its period of activity and its radiant position is 
similar to that  of the Southern Piscids, both showers can be observed simultaneously. With 
favorable Moon conditions in 1990 observers are urged to make them a priority this year. They 
ihould make their center of field of view somewhere around Q = 345' to 0' and 6 = -20' to 
+20°. All possible shower meteors should be plotted. Shower association should be carried out 
very carefully taking note of direction of travel, path length and appropriate angular velocity, 
For the last criterior,, use the table in the preceding article. The geocentric velocity for the 
x-acjuaricls equals = 16 krn/s. 

Table 4 - Radiant positions of the K-Aquarids. 

el- Caprieosni 
tober Capricornids were discovered in 1972 and provide variable activity from year to  

year. They are active from September 20 through to October 14 with an overall maxiniuin on 
Octalxr 3 .  dose to Full Moon. 
Intencling obwrvers should ensure that they face the radiant position and plot all possible 
sholver meteors. Care should be talien in identifying these meteors. A t  maximum the October 
Capricoriiid radiant is situated at Q. = 303" and S = -10'. Angular velocities are compara"ble 
to  these of the K-Aquarids. 

. C0,et Bay radiant 
Observations during September and ctober have iiidicated that there is some evidence of 
meteor activity from the area of the predicted Comet Findlay radiant. Although there will 
be some interference from the l l oon  during early October, southern hemisphere observers are 
requested to make observations of the Comet Findlay radiant. a priority in 1990. Since they can 
be observed simultaneously with the October Capricornids. southern observers sliould endeavor 
to monitor both.  To do this they should have a center of field of view situated around Q = 285' 
and S = -20'. which is midway between both shower radiants. The Comet Findlay radiant 
should be monitored from September 20 through to October 20. The radiant area is from 
CL = 260' to 280' and 6 = -30" to -42". All possible sliower members should be plotted and 
great care should be taken in identifying any meteors corning from the  radiant area as such. 
The angular velocity of meteors originating from the Comet Findley radiant is comparable to 
these of the r;-Aquarids (Vm z 15 km/s). 

Zhi5 shower is active from Septembel 10 t h o u g h  to October 26. Its niasirnuiii ZMR of 3 
meteors per hour occurs on October 5 which ineaiis that  the Moon interfere eatly n r i t l i  the 
strongest period of activity in 1990. The 0- rioiiicls halve their radiant in the t of Olioll alld 
so after iiiaximuin great care needs to  be talteii to  distinguish them from the October Qrionids. 
Thib year, the IMQ is particularly interested in the cr-Orionid activity profile for the period 
September 18 to October 3 when the skies should be  inoon-free. Observers in both hemispheres 
should watch during the last few hours before sunrise and have a center of field situated no 
more than 30' west or northwest of the radiant. All possible shower members should be  plotted 





In September and October, the Taurids are best observed during the middle and latter parts 
of the night. They are noted for their many fireballs. These are frequently yellow and orange 
in color, but all of the other colors are also  ell represented. This together with their relativeiy 
low geocentric velocity nieens that they can be recorded more easily on film than most other 
showers. Photographic Meteor 
Database. 

Since they have a great longevity of activity, the Taurids ave parts of their activity period 
inooi? free and others greatly affected by the Moon. T h y  can be easily seen from both hemi- 
5pherei. Wlien observing the Taurids, all possible shot~er  members should be plotted. In; order 
to  :ii.;tinguisii rncteors from the both brasiches tlie center of field of view should be locaterr?. 
I:ei.nreen 20' and 40' east or west of the radiant at  the same declination. 

Ti1 September the most favorable center of field of view is around Q = 0' and S = $10' to $15'~ 
This way, K- Aquarid. Southern Piscid, n'orthern Taurid and Southern Taurid radiants can all 
hi. observed simultaneously. In October the most favorable field of view is located at  Q = 80' 
m d  S I 420' wlzich enables both tlie Taurid radiants together with the Orionid, o-Orionid 
an<l  tiic 5-Geminid radiant to be monitored at the same time. 

rlie 111.1'0 is particularly looking to obtain Taurid ZHR profiles and to investigate the population 
index during the 1990 Taurid watch. The geoceiitric velocity of the Taurids is about 30 lim/s: 
t h e  table in the preceding article must be used for shower membership identification. 

Perhaps you could try and photograph some for the IM 

Tahle 7 - Radiant positions of the Taurids. 

Thi5 slmwer is active fioni Octolser 16 to 27 with a. rnaxiiiiuni of 5 meteors per lzour 0x1 October 
10. As with thc 

ids can be seen during the last few hours before 
s unr i 8 (3. in 1:, c) t la liemi s phe produce fast blue or white trained meteors. The E -  

~ ~ ~ i ~ ~ ~ ~ i ~ ~ ~ ~  lzilve angular velocities similar to those of the Orionids and the t a b k  in the preceding 
aa t i d e  : ~ l i ~ ~ l d  be comsulted wlien identifyin possible shower members. The E-  Geminids should 
only be olxerved when the radiant reaches an elevation of 20' or more. 

All possible sliower members should be plotted. In order to effectively distinguish Orionids, 
o-Orionicls, Taurids and c-Geminids, the center of the observer's field of view must be located 
around a = 80' and 6 = $20'. 

rionicls. lt4oon conditions are favorable in 1990 and the shower is to be targeted 

e Te re n e es 

[l] 
[a ]  

J .  Wood, "Observers' Kotes: July-August 1990", WGN 18:3, June 1990, pp. 77-81. 
J. Rendtel, "The o-Aurigid Meteor Shower", WGN 1833: June 1990, pp. 81-84. 
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1850,O 
'0 

Expression (6)  can be reduced to zenithal hourly 
rates by taking into account the correction fac 
tor 6: 

Since magnitude 1 3  has been chosen as a h i t ,  
J4rj corresponds to Geminid meteors of 4-3 with 
Z = 0.  Values of s and k have been found 
for every night of observation, but the nights 
were divided by nearly hour intervals and iYZ 
has Been calculated for each of them: mean Val- 

I Iir: i r i r w i  imZiies of 3% as a function of tile solar loirgitucle AD €or tlie Geminid meteor Y I ~ O K V ~ ~  

l ionu iri Figure 3 for every xiiglit. of c1iRacn.t years. Tlie logarithmic scale has been chosen 
fox ~~~~~~~~~~~~,~~ l s c ~ a u s e  many meteors slzo~vers have an exponential rise and fall of activity; in 
f l u 5  wvvdy9 sh.cwer c7ctivity can 1~ rcyrmentecl by t wo straight lines (darlied linrs). Tho s2i0n.c~ 

structure ;~n t l  activity for d l  yeair of ohmvation,  The s ~ m e  conclurioei lias bcen 
c~1kovic.h [Z]. Flux density of the Geminids obtained from radar observations [2] arc: 

shos;z.n in Figure 3 by solid lincs. Some difierexlces in slopes of the left branches of the activity 
lines and the maxima positions are due to tlie difference of the minimum detectible meteoroid 
masses for thc: visuaI and the radio xnetliod. The maximum rate is 7Vz =1 120 and occurs at 
solar longitude Am = 261042 (1950.0). 

fe r e II c es 

[I] 
[2] 

B.Yu. Levin, "Physical Theory of Meteors and Meteor Matter in the Solar System". 
0.1. Bekovich, Solar System Res., 1986, nr. 2, p. 142. 





Assuming that the number of meteors in both ranges is proportional to the intensity oi the 
emission of an average meteor in these ranges, it becomes possible to determine the color index 
for a meteor stream. 

S/T'itli CI = 1 7 2 ~  - nzv, mg being the magnitude in the blue range and m1/ the magnitude in 
the visuai range, and the well-!;nown formula: 

11 
m2 - ml = 2.5 log - 

1 2  

the 1 being intensities, we obtain: 

where Arg and :lrv are the numbers of meteors in both ranges. 

By calculating the color index for different magnitudes and digerent streams the relationship 
with the magnitude i s  found. using the least square method, the slope of the reckkiiing functioiz 
is obtained. Figure 1 shows this for the sporadic meteors. 

Figure 1 -- The color index CI as a function of the magnitude 772 for sporadic 
meteors. 

In Table 2 the slope and the magnitude range for some streams are given. In this table. k. is 
the correlation coefficient and -4T the total number of meteors. Although k is low. the sbpes; 
seem to  be identical, except for the Tauricls. 

Table 2 - Color i d e x  and slope for some meteor streams 



e re n c es 
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last air eath 

snaiyais of visual colors recorded for sporadic meteors between 1984-1988 as observed by the JAS Meteor 
Section is presented and discussed. Little evidence is found to support the view that  these colors provide an 
icsight into the nature of meteoroids. 

occur a t  all in meteors is well known. Even complete novice observers with no 
prLor h ~ t ~ r l e d g e  of aie+eciic phenomena have reported them from time to  time, but aiialyses of 
~ u c h  colors and tvlidt they may tell us about the various meteor populations are less common. 

171 tkk papu. ara a d y s l s  of sporadic meteor colors recorded by reliable JAS 5leteor S d i o n  
o;~ieir-eis  between 1984 to 1988 is presented, an adjunct to the data given in [I]. Nolie o i  
the ohserveis treated as reliahle in that  earlier paper were found to suf€er from eye complaints 
5 ~ c l z  acs color-blindness, although ahout ~ i i e  third of them routinely wore glasses whilest meteor 
t’i’dtcliiriga A3 no significant difference was found in color results between users and non-users 
of giaises, the 5660 sporadic meteors which foxmed the basis for [ I ]  were re-analyzed for co l~ r s  
LT I t  !10l?t a t l jU5trncTlt .  

Sot a11 013rservevs whose data were used in the color analysis recorded colors for every meteor 
As the humali eye 

h 2 s  in moizoc1irc)iiie visioii unless sufficiently stimulated by light t80 allow C Q I I ~ S  of the 
retina t8a functioa, “white” becomes the equivalent of “no co10r9’, so tha t  ail ’whitx” meteors 
and those without any color notJes were treated as being effectively uncolored. 
111 a!l; 908 spouadics exhibited a noticeable color, and five specific shades were observed: red: 
orange, yellow3 green and blue. Table 1 slio~vvs a breakdown. of this data by magnitude cla,ss, 
witii the corrected mean magnitude for a limiting magnitude +6.5 sky ( ~ 1 6 . 5  and t,he percent’age 
of all sporadic meteors showing colors (%) are also given. 

Of those who did, the vast majoritmy were noted as being white. 

Talile I - Spciradjc c o h r  magnitude dktiihutions for the period 1984-1988 

0 1 0 2 4 1 2 7 5 0  
0 3 7 1 8 1 3 1 1  5 2 0 
16 26 35 115 175 176 140 15 2 
2 0 1 1 0 1 0 1 0  

Some meteors (about 5% of tlie colored t o t d )  produced multiple colors, most of‘ which weie 
(-0101 phis white, a n d  these were dealt with as l~loi igi i ig  to the color class only. Rou&ly 

I (A (1 1 inetr-ors) s h o ~ e d  contraifiiig co!ors, particularly yellow-blue ( 5 )  and orange-red (3). Iri 
tlicse cases, the first noted color only was recordcd, 

Table 2 - Percentages of all sporadic metcors which showed colors between 
1984-1 988 by maguit utle class. 



Table 2 gives the proportions of colored meteors as a percentage of all sporadic meteors per 
magnitude class. and Table gives tile numbers and percentages of colored. sporacllcs (‘3i w.ch 
year 

Table 3 - Breakdown o f c ~ l ~ r e d  sporadic numbers per year, 
1964-1988. 

5 5 
16 4 

123 183 
1 1 

20 1 13 
165 j 206 
10.4 1 25.3 

4 
1 4  
11% 
1 

17 
145 
18.9 

__._I_.__ 

. A s  only 16% of S]3”‘”diCS si1o.;c.ecl a d i s t  ::olcsr, it is m o s 5  urdi e2y that t h i s  c m  Ix: 
represei-:ta,t~ive of the entire population. ‘ever, further consideration is necxssary ;o help 1-3 

determine whether t h r  colored sposa.djc group can be treated as providing informaiior; on s ~ m e  
pari of the sporadic nieteoroid flux or not. 

A xii . i~i-~Ixx of specific items sta,ncl out from Table 1. The cpiantity of y d o w  meteors 
a!! proportiox1 to the figures for the other colored groLt.ps, and indeed accounts €or 

oradics. The paucity of green ineteors (a mere Oa7% of the coiored 
iag. From visual star colors, it  sc-ems thii,t stars fainter t’han approximately inagrii 

.+I,,? appear white or colorless to the naked eye, so the number of faint (3-12 2 -t.2) red, 31 

and 5 d l o ~  meteors are rather curious too. 

Tile decreasing trend in tlie numbers of spora,dic colored meteors with fainter rnagnitu 
(Ta,bie 2) provides some support, for a magnitude +1.5 color “cutmff ” paint, ahlioiigli a 

the sporadic component ~:en*iains -white or uncolored even far the lir&ai‘!-c 
ighter meteors do tend to be perceived as colored miic of the time, 1 

t,ba,t the  overall propcrtions of meteors in separate color groupings 
lively co11sta;lt o17er time, An inverse relationship between sporadic color and train percerit 6 
per year is apparent (compare to [ I ] ,  able 21, but this is alrimst certainly mere c 

In order to deteumine whether the effects seen in Table 1 are genuine or simply re 
pcmliaritks of the humai~  eye, several possibilities axe considered in the - E o ’ ! ~ o w ~ I z ~  s 

The most obvious aspect to examine is the eye’s perception of different colors iri poor 1 
conditions, 
c~tlal>ted) or scotoppic (claib aclaptecl) vision [2], 
rela tivc lumiiioeis cf5jicieiq of thc scstopic ey 
shown ilk Table 4. Scotopic vision i s  most efficient (Vl =r: 1.0) at  X =1 507 nm, in the t h c  
part of tlie spectrum. 

sporaclics seen, and this does seem to apply to some extent for blue, orangr’ ant1 recl, d!xrt i 
general terms. JVhether 17; can be  used to deternine what portion of the  Arm ia each of rhclse 
three color classes is actually being observed is uncertain, bat  as several other selection eKei,ts 
may operate (see Sections 5 a i d  6 ) .  this can probably not he meaiiingfully calce.laded ‘LT’hrt 
is clear is the absence of any obvioirs correlation between 17; and the quantities of yellow axd 

it is deal  from wperinxeuts tha t  1 h i s  sensitivity changes for ti;p pho tcrj)ic (liTi11- 

Tlii.2 parameter varies by wavcicr:kii,i as 
’or this pu~px,e .  we can  ntrmcrirally define i 

It ~ ~ i g b t  be expec td  that Vi W O U ~ C ~  have S O I Z ~ ~  healing on the n u l n h ~ ~ - s  ~f &sf 
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green sporadics observed. 

Table 4 - Mean Vi parameters correlated to colors and 
their approximate wavelength ranges (based on 
[a], Table VII, p. 415). 

X - range (nm) 

670-700 
Orange 630-670 

530-630 
Green 490-560 ' 430-490 

I 400-439 
Blue 

I Violet 

-___ +- 

I 

0.0001 
0.001 

0.77 
0.56 
0.08 

A perusd  of any good visual astronomy text-cfr. [3]-will show that all of the brighter stars 
(ixa,gnit,ude at  least +I> exhibit a naked-eye color representative of their spectral class, At 
some point between magnitudes 3-1 and $2, visual cdor ceases to  he visible. The actual cutoff 
is diflicult, to determine precisely, but is probably around 11.5.  For instance, Poilux ( p  Gem) is 
a K O  class star of i l . 2  and appears distinctly yellow t o  most observers, while Dubhe ( a  UMa) 
is a K O  star of -1-1.8 and s h o s ~ s  no perceptible color to the unaided eye. Assuming this holds 
true for meteors as .vl.el!, rapid fall-off in the numbers of colored events between the +I a,iid 1.2 
categories sholild- he seen. This is very much t'he case for blue sporadics, hut orange meteors 
siion- this feature rather less well, and for red it is t>otally absent, the cutoff here probably I x h g  
somewhere around $3. 

Froin it f d o w s  that the perceived brightness of red and oran.ge objects of equal iuminosit'y 
sl-iould be suppressed with regard to shorter wavelengths, red more SQ than orange, which is 
exactly m7hat is foouaici. The fact that iliost; comparison stars for estimating meteor magnitudes 
are choseu from the F spectral clrisses, which appear essentially white to the eye, 
p d d A ~  helps furtlier to account for t'his. It seems that  the magnitude of red meteors is pmba- 
lily being Liiicierestiinated by a,pproximately 1.5 magnitudes, while orange sporadic brightnesses 
are being reduced b y  an average of one inagnit'ucle or so. 

Color contrasts in the ej7e varies ~crosc,  the spectrum. It is poorest f o ~  blue-violet, l3lue-green. 
and  yellov--whit~, ec;peciai!y -when w e n  in poor light against a dark background with no im- 
iiieciiate acljaceiit comparisons. The probiern is particularly bad for faint light ~ o ~ i ~ e e i .  Tills 
:j!ieiiomeiioi; can prohably go some way towa I ds explaining the absence of violet meteors ~ t h e  
€en- green ipoiadics and the yellow meieoi excess. 

- h y  violet meteors which occiiired have piesuma1;ly been subsumed into the blue color c;itegory, 
01 1:os4ibl~7 lost in the darkness of the sky itself. Many green meteors may well have siiEered 
the 5ame result due to the contiast-pool overlap between the two shades blue and green as -cvell. 
The high sensitivity of the scotopic eye to gieeu could then account for the few '-genuiiie9' green 
spoiadics rathei t h a n  their total loss, though it remains surprising that so few ),right (negative 
maguitude) green el-ents should have been noted, since contrast would I-Je exper_g.ed to  1iri1-e kqs 
effect iu these cases. 

The distribution of yellow meteors is not easy to explain, as any adjustment shoirld, according 
to T be far less than for oiange meteors, whereas a shift of two EuP1 magnitucles would be 
required to cause the color cutoff to fall betweela +1 and +2. This plus the very large number 
of ypllow-class meteors overall tend to support the view that many yellow meteors are simply the 
ieiult of poor yellow-white color distinction, where colorless meteors are mist akeiily assigiied 
t h e  color yellow in the eye. How large a fiaction of yellow meteors could be thus affected 





From the above discussion, it can be seen that there are a number of possible effects v;.hie:h n a y  
operate together in some comlnination to  produce the observed color balance in the minority of 
sporadic meteors which show colors. Most significant, seem to be the effect of color perception 
and coiitrast 111 the human eye. Very little of what wm recorded needs to be explained in terms 
other tlian these, ~ i t h  the possible exceptions of t h e  green amad, to some extent, yelloxv meteor 
ilxves, tilough how significant these t ~ o  features are remains open to questhn. 

jl'l-iether s h ~ ~ e r  meteor colors are any more useful In. providing data on their pa,rent hocliies has 

when performing any h t w e  -visua,i color anaiyses. 
S t i l l  CD be deterX?2iIled, bllt it  Wdl b e  l:eCeS,S2Lll.~ th3 h;ake iXt0 a C C Q U I l t  the SerlSltiVity Of :he eye 

( 3 )  
0,748 Ared(l.') = 37200 1crrl"r -- 1.3)- 



Taide 8 -- Contribution and experience of tile observers included in the  c u r r e n t  s t r ~ d j  

I 



Duriiig the analysis we found that the "original" double count observations (identical field 
cmters) do not allow many conclusions while the da ta  of fields shifted by 35' deliver important 
values for the outer dls tmce classes. Therefore, it  would be better to have as much 35' as 
20' h t a .  But nevertheless the inaterial available is suitable for the deterrn4na5on of tlie 
puo"!:"bJiities of perception p(Anz). The method described in Section 3 is now applied to  the 
data of every single olxerver. It is not necessary to divide the data  into severa,l lm-groups 
since the limiting magnitude for a certaili observer does not differ significantly among the 
chsc?r-vations. An averaging a,nd nieigliiiig with n is sufficient a After the first step we fiiid nearly 
smooth c u r ~ e s .  Scatters as they can be seen in Figure 7 do not occ~n-. This is a hint, for a good 
ccut ainty. Furthermore this may iiidicate individual differences. 

lii Figures 13 aitd 94. we show C U L V ~ S  of tlic p io l~ l> i l i i y  of perception. p(Ain, ) as a function 
of the distarice R for individual oisserveus and for different Am. Obviously, we find two "types 

1. concentration on. the  centcr of the field of view jliigli pcrceptiori there), steep decrease 
to  the outer regions of the field (REYJU, ICNOAN); and 

2. a ""n.ide-aiq$e view" rv i th  a iieavly constaiit percepti over a larger portion nihicli 
decreases more slowly oritwards (KOSR-4, RENIN, A 

Tlre prohabiiities p(Ana, R) are then averaged over tlie whole field according to  equation (5). 
JT'e obtain p(A71i)  for Am > 2. As ciescrihed in Section 3 derive p((,c\m! for Ain < 2 fsom 
iporcldic iiiagiiitude distributions in August 1988 and 1989. e to  the high activity. tile nights 
of August 10-11 until 13-14 are exclucled. For the calculation, persoiial ~(Ana)  are already 
iiicd. W e  foulid differiiig average r-valiies for the sporadic meteors (Table 9) ;  a point t o  which 
we will returii later. 
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'Table 9 - Average values of r for sporadic 
meteors . 

Observer 

ARLRA 
K Q N A N  
MOSRA 

E R I N  
EN J u 

h 
I 

I P -  A 

3" m m 

Figure 15 -Fitting of the p(A771) obtained by double count obswvatinns (CI'OSS:PSI) 

arid those derived from magnitude distributions (points) in the  tran- 
sition range for one observer. 

In Figure 15 we show the fit of tlie curves p(A7-n) found from the double coi i i i t  obseivat10~5 ; r i ~ t i  

those derived from the inagiiit ude distrihutions. In tile region of fitting the I,:,t;tcr percs p t io i l  13 

a little Lit higher than the perception calculated from the dcm13!e count observationr 

Figure 16 sliows the V&XS of p(Am) for individual observers also given in Tal-sle 10. 

Equation (12) allows the  calculation o i  the correction factor C ( T )  for every individual obstrw, .  
too. The results are summarized in Table 11. 



m m m m 

Figure 18 -Probabilities of perceptioii p ( 8 m )  as an average over the field of view (520 5 
radius) for individual observers. 

T a l h  10 p(Am) fov tlre iiidividual olsservers. 

a 191 

-0.4 
1 0 . 0  
-1-0.5 
4- 3. 8 0 
-1-1.5 
+2.0 
+2,5 
+3.0 
-1-3.5 
4-4.0 
+4.5 
+5.0 
+6.0 
-1-7.0 
$7.5 

ARLRA 

0.00031 
0.0015 
0.010 
0.028 
0.052 
0.095 
0.17 
0.28 
0.40 
0.51 
0.63 
0.71 
0.84 
0.92 
0.99 

BALPE 

0.0025 
0,014 
0.032 
0.000 
0.3 3 
0.19 
0.213 
0.44 
0.59 
0.72 
0.78 
0.88 
0.94 
0.99 

0.0009 3 
0.0048 
0.018 
0,035 
0.059 
0.10 
0.16 
0"2G 
0.41 
0.59 
0.70 
0.75 
0.83 
0.92 
0.99 

KOSRA 

0,0011 
0.0058 
0.017 
0.034 
n.058 
0.10 
0.17 
0.28 
0.116 
0.66 
0.79 

0.89 
0.99 

0.84 

REWIN 

O.00020 
0.0020 
0.0091 
0.022 
0.046 
8.089 
0.18 
0.30 
0.44 
0.54 
0.64 
0.74 
0.92 
0.99 
1.00 

RENJU 

0.00033 
0.0020 

,0074 
0.015 
0.030 
0.055 
0.10 
0.19 
0.35 
0.51 
0.64 
0.69 
0.80 
0.92 
0.99 
I 

0,0035 
0.014 
.040 

0.067 
0.1: 
0.28 
0.44 
0.58 
0.73 
0.81 
0.86 
0.91 
0.96 
1.00 
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Table 11 - 'The correction factor e ( r )  calculated from tlie p(Am) of the  individud 
observers. 
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eliability of in 
Significant differences in the coeEcients c ( r )  slzould he found within the individual 
diijferent observers 'IVC find s i m h  shapes of the curves p(~l$na) in Figure 16. T h e  cli 

I-Ln nnour7.t  of Im. For the ra"  
the indi.vidual cIrves p(Amj  a,gainsC, an avera 

Tablc 12 - Iiiclividual shift'ts Alm agaiust, the average ofARLlZ.4 ~ KROAN, KOSRA. RENIPJ 
alld RENJG. 

For iaost olmxvers the shift A11n is nut depending on the population i n c h  r". The niaxiinisl 
deviation from tlieir average shift Alrn corresponds to  an error of 3.8% (RENIX). anci 9% 
~~~~~~~~~ whow results are niorct uucertain clue to the sxrraller arrisrxrit of d a t a .  Coiic?ii:ioLi. 

W e  then compared the values of Alm found from application of equation (30) to the Ir~t l ivicluei  
~ ( A M )  with those derived from the rates according to equation ( 2 0 ) .  



-0.06 
-0.33 
0 * 0 2 
0.00 

"t0.05 
0.00 

-1-0.20 

scat tcr of the perception of c.xg?erienced observcrs. The value a = (3.20 correspontls 
with a scatter of 25% in the ZHR if r = 3.0. Be carefiil. with siia,lyses based on only 
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according to 
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- differeraces in the perception of individual observers, 
- random fluctuations of the activity, and 
- errors, caused by uncertainties in the corrections of limiting magnitude and raaiarit 

., 

elevation 
As you know, 

If there is only ail error in r ,  w e  fincl a scatter in ZIIR., dependevlt on the llrriitirrg rnagnii;ude. _I 

Furthermore, we obtain a systematical error in the case of a mean limiting magr:il;iidc. ?rri ;ii- 6.5, .  
If w e  l m x v  the error on r'? we can give euo:' margins ci. nding C P J ~  1x1. A s 
a.ppears in the case of tlie zenith coi:rection. Nocwithstand the magw;iteade of 
error c;annot be found out since tlie exact zenith correction i s  not icnoc~i.  11. 
influence of this uncertainty if we include only observations with a radiant elex 
in an a d y s i s .  Both e1:rors are partially present in 
separately, w e  \ y j j o t d d  obtain an overestimated err 
systematical error caused by the correction of Irn t 
correct>ion error is conside;.ed to 1)e represented in. 
ci u an t i t v : 

already. Taking tlirse i n ~ o  
Erefore w e  propose 

T6.5--lrn 

The third term of equation (4.1) is: 

As already explained in Section 8, the perception of the standard observers i s  subjcct t o  ~ ~ i r i c Z o i i i  

variations. Tbus, also the calibration i s  effected by an error. For the determination d Aka,,. 
see equation (38). 
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Sometimes authors assume that lrn = 6-5  for the  relation published in [IO]. u t  this is pure 
specuht ion!  in  [ iO] we read: The limitir~g stellar magnitude was ~enerally no$  recorded beca7ise 
this i s  quite s teady  at  the high rnouniair, location ~ ~ ~ ~ ~ ~ r i , ~ ~ ~  

Another problem arises from the differences in the perception oE individual observers , especially 
for: faint meteors which strongly act on the mean magnitude m. Furthermore, the procedure is 
of .no help as fax. as the certakity of the population index r is concerned. Th.e scatter of m is 
not a, suitable measure because the greatest source of error is the type of the relation. r = r i m ) .  
Consequently, tjhls procedure is not useful for the accuracy of T requested for our purpo 
Another method i s  described ir; [s]. Since w:til now this zoie has only been pi.ibiis 
Dutch (English version ready for penbkatlon now), we sumrna:rize the rms t  er;sent%al p o i ~ t s  
liere. A computer si~-n~lation is used to test the consistence and eE.ciency of several. procedilres 
to  dett:rmine r .  The most favorable iiiethod was fo~bund 10 be as iollows. FTYe start from a 
rmguftude distribution, and ca!culat,e the true number of meteors in each magnitude class: 

leso (1780 m above sea-lev 

(54,) 



The possibility to clioose a sriitatde inter\ral diminishes 
to perform the criteria 1-3 with one magnitude distribution for one iizter\;-al. m-c rnq ad:: khr 
@,(ns> of several magnitude distiibuiions: 

oss;I,1L errols. Sinc,e 11 ii e 

a,llows the detection of sys termt ia :  errors iri the rnagnititde distributions. 
also sel.ect erroneous magnitude distributions. Ti1 Table 18, we present s 
t,he corresponding relative errors A<D( m)/Q(m>.  

This leads tm: 



aiA1.j 
ifin Of course, -crre try to find a result wliich gives a iriiliirrral AT. If we set - ."-." 0 " and firid a 

minimal AT for n = 22, independently of nt,e. That means, we obt'ain tlitj nioiit certain va,lue 
for the population index r" if we average it  from j = nt,t/22 magnitude distxibntjons. 211 Table 

r as a function of n and ntoe, Since equation (59) is not sufficient for ?a = 1.0, 
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we take a,(n = 10) directly from [ S ] .  The numbers n and ntot refer to the regression i n t ~ ~ a !  
chosen. not to  the total number of meteors. 

Table 19 - The error AT as a fimction of the  total number ntot taken 
into account for the calculation of 1 and the number n of 
i d i v i d u d  T ,  calculated. 

0*71 
0.50 
0.32 
0.22 
0.16 
0.10 

0.62 
0.44 
0.28 
0.20 
0.14 
0.087 

0.61 
0.43 
0.27 
0.19 
0-14 
O.OP6 

0.44 
0.28 
0.20 
0.14 
0.089 

0.32 
0.23 
0.16 
0.10 

In the range 15 5 n 4 40, the amount of AT varies only little; we Sfid a flat rnh i rx im :,!zerc. 

\That are the practjcal conclusions from these findings:' If an observer noted a, large ~ . i ~ ~ i i - d ~ e r  01 
shower meteors (at least I~O), it, is useful to divide theci int'o (time) intervals wit'li. a 
niimlxr of meteors iiu each interval.. Since it; is importmt do choose c2 suitable regress 
we can generally expect aboiit 30 sl-ro.vlrer meteors beicg necessary for such izli in 
obta,ins a number of independent magnitude distributions allowing the choice o 
regression interva,l (cfr. Ta,ble 10). Consequently, w e  calculate a series of values ri; from eeck 

;i'j7ic; 

independently do not fulfil the condit,ions for a calci11at~io:i of a,n rk .  f GOUTS(?, b i l m  only <,s 
many magnitude distriloutions as mcessary t o  oht,ain a mugnitude stribiitioii z.ccording the 
;hove mentioned criteria. In the future it seems to  be wort,h testing4 if a cleterminatioi; of a 
1-.-profile along the cross-section of a s h o ~ ~ r  is possible using the sliding n-rea,n 0% the i : ~  
rk with a suitable sampling period. In such a case, the error AT has to be ca,?ciilal;eci i'i 

interval chosen. On the other lia,ad, n7e siim the rnagnit~ude distributions of singie Q I I S ~  

with ,? tlic nilillher of the individual valires rk .  Here, it is reasonable t o  caicuIGie CT? from 
clistrilsution of the rk (instead of equation (59)), hecarise this reprewits the actual cono , L ~ O E ;  

For calculating d,  we find the following expressions: 

aiid then: 
d = (6370 kin -t 



i3G 

Figure 17 -Calculation of cl and qL 

The radii of the isolzypses T - / ~  as giver; in Taljles 3 aiid 4 are: 

Figure 18 -Calculation of t h e  projection of limits of distance classes onto t h e  meteor level. 
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4 to zenith 

2.37 

Figure 19  -Calculation of the projection of limits of distance classes onto 
the meteor !evel. 

Became of symmetry, we have to calculate only half the intersection curve (left of Figure 1 7 ) ~  
For -90’ 5 a 5 +goo, we calculate the curve with a step width of 3‘. The a im is to calculate 
the posl t ion;~l  vector 7. First, we determine the directional vector To = ( 2 0 .  YO, z o ) ,  w?;ere 

1 = 1. we find: 

zo = sin R cos a 
yo = cos R cos h j  - sin R sin a sin l z j  

( 7 8 )  
(79) 

cos R cos /zf sin 11f - sin R sin 0 sin2 h f  + sin R sin a 
cos JZf 

2 0  = (80) 

Usiiig the equation of the straight line we may write: 

X = 1-30 x 6370 1i111+ y / ( 2 0  x 6370 1<1n)~ - (6370 km)2 -+ (6370 lilll+ (82) 

Tlie coordinates of the iiitersection are then: 

(83‘1) 
(53 2)  
(83.3) 

V’e transform this into a spherical coordinate system. Its positive z-axis is directed to  the pole. 
Consequent 15’. we obt a h :  

d 2 - q  
13 = arctg 

2 
Y p = arctg- 

7’ = 6370 I C I ~  + M 
X 



ecause of the neglectable cur-vatme j <: loc))  KT m.2): r e  cal siirface at ihe 
nieteor level to be a l a h e .  In this 1va>7, we have to calcdate  nates (qs; Y E ) .  The 
origin of Shis coordinate system is situate The positive x-axis th.en is the 
projection of the azimuth of the center of icbc field of view onto the mxeteor bevel. In Figure 4, 
7.5-e fimd this a.,s the st#::aigbi: horizarita!. line. 

at tlie aeriith. 

0 
0 

20s 
263% 

0 0 1206 58DS 
0 664 2936 2124 

306 1545 1672 i lr32 
903 736 663 GG? 
792 106F 962 870 

0 161 647 844 
0 0 0 125 
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Table 21 - Composition of the areas as a function of the distance classes R and the elevation h f5r an 
elevation of the center of the field of view of h f  = 50' and W = 100 km. 

11 

04-06' 
06-08' 
08--10° 
10-12O 
12-14' 
14-16' 
16-180 
18-20' 
20-25' 
25-30' 
30-35' 
35-40' 
40--50° 
50-60' 
60-700 
70-800 
60 -90' 

1816 
0 0 0 1096 3902 
0 0 560 2146 1506 
0 294 1338 1018 816 

648 1166 1024 1024 950 
472 648 638 578 544 

0 98 424 576 444 
0 0 0 90 326 

2784 
7912 

253 7824 
3152 4000 
7616 4704 

1376 1258 
818 800 
994 984 
576 576 
426 418 
422 356 

62  238 

2584 2188 

0 
1800 

17136 
19112 
14192 
6064 
3912 
2704 
3791 
1968 
1 182 
796 

101s 
590 
414 
338 
292 

53.584 
47544 
21368 
11688 
7040 
4680 
3300 
2394 
3556 
1922 
1162 
784 

l Q O ?  
628 
446 
388 
280 

41406 
"-1'3t5 
14840 

9360 
5016 

286U 
2164 
3388 
1792 
1178 
794 
1018 

620 
488 
600 

6 1  

u c i a  

Table 22 - Composition of the areas as a function of' the  distance classes R and tlie elevatioii ii :"or ai; 
elevation of the  reater of t h e  field of view of  h j  = 65' and A = IQQ kix 

h 

04-06' 
OG-0So 
08-100 
10-12' 
12-11' 
14-16' 
16-180 
18-200 
20- 250 
25-304 
30-35' 
36-40' 
40--50' 
50-80Q 
60 -70' 
70-80' 
80-900 

.__- 

__c 

51s 
4832 

2598 10626 
1504 6149 3820 

1Q22 3735 2344 1990 
562 2271 1430 1266 1194 

254 1402 2275 1591 1450 1476 1477 
100 616 1064 84 9 769 75 i 793 868 y *? c; 
563 439 404 437 46 1 496 559 682 1016 
68 304 408 35 1 ,366 412 642 554 131 

69 232 305 28 1 81 

For each distance class we now cleterinine the reduced areas A J ~  according to equation (1). 
take into consideration Cli and E ;  for the corresponding center of the interval, e.g. for the chss  
04°-OG0. we assume 5'. 

The values of AR are then summed up to the total reduced area wieh :  
5oo 

Ared = 2' A R  

The result was already shown in Figure 5 .  

(90) 
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se a re 
i 7 s 

A formula is developed which takes limit error of the individual variables in the ZHR f ~ n c t i o n  into consideration 
T h e  application of the  formula to  real world ZHR calculations is briefly analyzed and Ihe sources of error within 
each variable coiiipoiient of the ZIIR fuiiction are identified. 

One of the key quantities of meteor showers studies by sci.entb 
(ZHR). This value is quoted by meteor a,stronomers tc give an. in 
st,rengtli and provide information on the particle distribution and texllporal evol:.~.tion within 
the meteor stream. 
The ZKR is defined as the number of ITH&XXS seen each hour by a standa.rd observer watching a 
unlimited portion of a clear sky, with the s h o ~ e r  radiant at the zenith and a limiti,g ma:gni.ccdc 
in his field of view of 6.5. The importance of the ZMR in the establishment of bey k a  
within a meteor stream ca.naot be underestirmted. It is therefore imperative tba"c: im a,cc 
value of the error in the ZHR value lie established to prevent misiiztesprel:ation of the pro 
dat,a, Ieadiiig t'o incorrect concl.usions, 
The present widely-accepted formula for nieasus 
the iiuinber of meteors that  contributed to the Z 
the  value for the st>andarcl deviation in a Poisson distribution, which gives the percenta 
as 1/f i  to a 68% confidence level for an individual measurement 
forrnula I X X Q ; I ~ ~ S  useless avheii sniall hourly rates are invoiived. In 
account the statistical -ilaria,tioxis expected in a random process s 
can be stated t'hat the actual ZHR is within ~~~~~/~~~ to a 68% coaficlence leveI. 
TWQ things a.re apparent about this error forzn.i,la. 
increases the actual percentage error decreases. D 
errors may become minuscule. Par example, according to [I] t,he 1985 
produced visual hourly rates as high as 300 in Japan. From this the percen 
(which airas probably close to 400) -c.iiould have been 5% or roughly 20. 
low as limit errors from limiting magnitude rneasurer-nents, perceptional 
colitriblrt>e fa,r 1no1'e to  the error. 
A sccoxlcl underlying assnmptiori is rnade that the iiuinber of meteors appearing in ac.y one 
small tiilze interval (for example, a, rninute) during this hotar remains constant: ~i iore  precisely, 
that  the l.xobability for such an event remains c,onstanC. This is often not the case as 
radiant heights distort this probslnikity a,nd make the I/& eneralization less a,pplicadhle. 

or lmth of these reasons a more accurate forxnulae for cleriv g uncertainties in ZH 
is ~ ~ ~ i r ~ ~ ~ ,  

'irst, as the nurnber of o 
iag high meteor activit 

ue for any ineteor shower is coniposed of a niarriber of variables such as radiaiit lieigltt,, 
cloud cover, etx. Each of these mea,sured values 1ia.s a,ri accompanying irncert,ainty 
physical measurement. Thus as each variable is used in the ZHR formula the find 
becomes more uncertain as the iridividual uncertainties accumulate. The ZHR is given a,s: 

where F is the correction factor due t o  obstruction of the field of view and takes the form 
F = 1/(1 - k )  wliere k is the decimal fraction of the field of view obscured, is the popdat iox 



inciex. hi -the limiting magnitude in the field of view, Z the zenith distalice of the radiant, p 
the perception factor, n the number of observed meteors and Teff the effectii-e observed time 
given in hours. 
I:' ail these values are nown exactly then the only source of error will be the statistical variation, 
2 n d  the form 1 / vl;z c tit all these vairies are measured and sub,rct to uncertaincji>:: 
f i x t  propagate d01w to the filial ZR 
In general i-mcti in J s ( z l , ~ ,  z3, . ~ .> where each variable is subject to  indepen- 
c h i t ,  random errors 2 3 , .  . , has a global uncertainty according to [2] given by the 
forlnula: 

_ll_.~-l 

-!j';t. first glance, foririuls [3] ma,y 8eei-a quite complex and somewhat unwieldy for practical me. 
tlic fori-mxla, froni the tlrieoretical arena to  prx t ica l  applications reqiiires serious 
urnptions, It is hoped that in the end, liowever, a more ae:cura,te formula for 

I' analysis will be obtained than ihe one currently employed. In crcler 
)I' fimctlon one znust look at ea,ch of i ts  components separat'ely to arrive 
tion of each variable's error and the ea,se with which this error can 

general use iu ZII 
to a ~ l a l y ~ ~  thc: ZI-3: 
i L t  a, milistic int 

unlly he determined 111 the field. 



The value for F is arrived at  by weigliixag the tot'ai, amount of h e  sky co~:ered d i i r i ~ g  i: 
time period (usually one hour) ~ The observes must make a weighted judgement 
num'lm: of cloud measurements during the time interval if the percentage 4s varyii 
case of terrestrial obstr~ct i .on (trees etc.) determine a single value to correct for th 
viewing area. 

In practice, most observations are carried out under clear skies. Under these conditions the 
factor E becomes 1 and the error zero for practical purposes. Thus the fa 
role in contribut,ing t c :  the ZEI error. If cloud is present tbe a,rnoux;t of sls 

to estimat,e his limit error a,nd record it. 
of instrumentation or t l ~ r o u g l ~  meteorological training aizd practice. 

The populat ion index  ?- 

The populatioii index expresses the  ratio of the number of meteors in magniterde class m -1- 
to magnitude class nz. As this valrxi: saries somcwiiat from ma,gniti.ide class to magnitucle ci 
through random errors, th.e value is usually obtaiiied by linear regression. 

M'heii applying T vdues  in the ZHR forrxila, it  is desirable to rise t,he magnitude da ta .  fr 
same data, set' t , ~  derive a,m approprk te  1" vallre. in this case t'11.e error IS s~:-qxy g i i ~ n  
general formula for the error In t h  slope of a regressjon h e :  

subjectively by t,he obsersrer. The ox13:y w 
error can be g 

. . I .  
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The d t i t w d e  c o i ~ e c t i o n  factor cos-l( Z )  
This factor is one of the more difficidt to derive an error estimate from. Generally, meteor 
radiant altitudes are found by using accepted radiant positions and then computing the radiant's 
height at the midpoint of the hourly observa.tion. Care must be taken to ensure t,hat radiant 
drift is properly accounted for or large errors may develop. The two principal mechanisms likely 
t u  cause error in radiant position are zenith attraction and &%use meteor radiants. 
Zenith attraction is significant on1.y for slow meteor showers, when the radiant is near the 
liorizon. The apparent radiant position, however, can be accurately calculated if tlie stream 
geocentric and apparent -i7eiocity is kno~711 [S]. Typically this kind of error can be screened by 
r:dculating the apparent radiant yosition, or sivnpiy rmiting until the  radiant is higher in the 
sky before analcing any observa,tions. 
The diffusiveness of meteor radknt 's  is difficult t o  take into account in the error formula. If the 
ineteors from the shower all have radiant positions evenly distributed within a, radius of the 
given radiant' position, it is not unreasonable to assume that the center of this radius represents 
a fair "a,vera,ge" for the stream. In any case t8he effect is likely small for most streams. 

' Ibis is t'he most dificult variable to get, a,ny lriiid of accurate estimate for, let alone an accurate 
easor estimate. For this reason niany meteor astroiiusriers leave this factor out a,ltogethev and 
ri-iaI;e an underlying assumption that p = 1? and that the observer in question is a standard 
o',-)ser.Jel. I 

Getting an estimate for the value p for any observer is a time consuming task svhicli requires 
crjlilparisora -wilh other observers. Some nietlrods for determining perceptional coeEcients tire 

for any observer, the result, 
as perception likely displays 

wide variatiosls ~ i i  different time scales. Over the loiig term, as an observer ages, the average 
1 of perception is likely to go down. In short term, factors such as fatigue and diet pk;y 

ii. role in  iufiuencing perception. As weil, distraction, such as discussions held during group 
rvfng, can lead to effective reductions in perception as attention is diverted away from the 

t a s k  at hand. 

ci-:ptiou which rermiii valid over the long term. 
Th.c eflective obser.uirq time T e ~  

i"1i.e 1""7'ci.ytionr ,factoa-. p 

d in [7] and [ S ] ~  
onahle perception value is empirically deterzi-li 
nly for i:he data from which the value is deri 

FOX d l  ah0i.C: 1 sons, in general it is irrapractical to arrive a t  reasonable error limits for per-. 

ful oLserving time during an observing session can be recorded with the least error. By 
tap": recorder aiiil not taking isrealis until the end of a. recording interval tlie observer 
~ c e  the error in Teg to  all but zero. If lie is recording on patper, estimating the time 
an average individual event and then niultiplying by the number of events in a time 

p c x h d  and ~ 1 ~ 1 9 t ~ ~ ~ c ~ , i ~ ~ ~  tXs from the  total le,ngt>lr of t h e  the  observer can give a good ~ n e a s u r e  
of t>lic: Tcjf value. 
~~~~~~i~~~~~~~~~ $lie limit CI*TOV, if itri-y: in Te;rery must 1 ~ e  estimated by the observer. 

ioa in n~et~c-oi: rat,es i s  only one of several va.riables which influence t'he error in. 
limit' errors in a.izy num1:)er of the qi:iautities used to c d c d a t e  the final ZHR 

vaIi.ic, f r~ : rmuln  ( 3 )  gives t;he final 
For practical ~ ~ 1 ~ ~ ~ ~ 0 ~ ~ ~  the f'orrnula may be siinplified by dropping the  perception term and 
assuming p = 1. A11 the remaining terms have error values which ma,y be easily determined 
in pra,ctice. Siniplifications such as assuming 11 I 1 , a,ncl having the  observer m&e the limit, 
error estimate in each term (which is itself sul.~ject to error) reduce the 5na.l a.cc-uracy of t'he 
outcome. This .formi-ilaj does take these obvious errors into a,ccousit, however, while tlxe old 
formula, ignores them and thus creates a very conservative and erroneous error d u e .  

FIR urrcerta~inty. 
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Combining the uncertainty clue to statistical variations and t 
measurements gives a true picture of the individual 
When many individud 
measure must affect the 
error amlid then 
the individual 2, 
merely the midpoint of a range of possible values allow 
this process wi11 yield error values far too small. Thus a 
by first accurately determining individual 

it error due to inaccurate 

are combined to p ha1 profile, the ~ x r  k. each 
ividraal ZHR..; wit2iout proper error in the global 

bining aiid getting an error out yields a mea,sure of t h e  va 
relative to  one another. However, in point of fact. each ZH 

by their respect F: error size and 9 3  

ysis of global ZM error va1ue.g Ixgin 
R error values. 
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1 r-1 i 1 P. Roggenams, ’‘ he 2” 988 I’erseid klet’enr Stream and Observers 

robability for Visua:i 

The key elements of a video-based meteor observiiig sy.stein are discu 
of a 50 min focai length object’ive !ens. a 25 min microchannel pla 
to a sensitive monochrome charge coupled device (CCD) video camera i,s described. T 
characteristics for such a syst,eiii would be a field of view of the older of 16’ by 2 2 ’ ,  a seizsi 
magnitude 7.5 €or stat,ionary astronomical sources ~ and an  e-i’fective sporadic meteor rate 
hour. 

d. -4 recommended systmi:1, 
(AICP) image inteiisifier lcn 

Three decades ago (at the eceniber I968 meeting of the American Astronomical S~cietgl) 
the first report television-based nieteor observa,tions was presented. IVMe  OW light level 
television (LLL ) observat,ions have made significant contributions to  our tanderstaadiilg of 
meteoric phexiomeria since t h t  time (see [I] for a review), it is o d y  in the  past few years 
that the mass production of video detectors and recorders, and to a lesser degree the linage 
intensifiers required €or sensitive observations , have brought prices within the range of serious 
amateur observers. -411 article ou thnhg teievkion meteor sbservaiions appeared n?. ESie“ in 
1988 [2], and several nieinbers of the 0 have been conduc‘cing video-ba,sed X E ~ ~ Q : .  deiectioiz 
for the past few years. The primary pose of this paper is to provide an overview of irmge 
inteiisifier and video technology, and to present some recoanmendaLions for tlio 
set’ting up a video based meteor observatory. A co~~ipanion article will suggest specific LLL,TV 

- *  



meteor observations, and initiate a discussion on bow the can coodinate and standardize 
video-based meteor observations. 

efore w e  l od i  in deta,il a,t the c~mponents  of an image intensified video etection system, let us 
consider the performance of a typical camcorder alone for meteor observations. The sensitivity 
of a typical color camcorder is of the order of a few lux. When such instruments are used 
with t h e  lens in telephoto sett,ing it i s  possible to detect stars d o ~ n  t o  j u t  beyond magnitude 
+2. This level of sensitivity and the rather smaii fieid of view would resalt in a rate of the 
order of one sporadic meteor every few hundred hours! 1VhiI.e sig~ificant~ly hi.gher rates could 
be o'nta,ii-ied during the ma,jor showers: nevertheless a noniritensified color video camera is sf 
Tesy iimii-ed use 2s a ineteor cletection instrument. 

cenents of  a- vi 
The essential components of a video-based meteor o ' i~ervatory are pictured in the diagram of 
Figure I. Little iieeds to  be said about items (E) or (I?), except that  the difference betmeen 
1Yorth-A.merican a i d  European video frxiie rates" a n d  the continued exis 
lar IiCR Eori~iats~ will make sharing sf unprocessed video data within the 
regard it shodcl be mentioned that while the same video tape formats (1 

iised around the wc)rld, tliere are tliv 
(KTSC in North and parts of South Ame 
Pacific region) ~ 

main metlrrods of encoding 
a; PAL in Europe; and SECARI in Africa and the 

Figure I - Key elements sf video-bascd meteor observing system 

3 .  icon VeP"S vi ekectol-s 
Lct us next comider. the video ca,mera itself ( ). A wide vmiety of s7ideo detectors have t2eeii 
used f a  meteor observations, iiicluclinig image orthicon, vidicoii, age isoco~i, SIT (silicon 
inteiisifier ta,rget'j, SEC (secondary electron conduction) vidicon, CI (charge injection device) 
and CCD (charge coupled device). The interested reader is referred to  text [3] for a detailed 
technical discussion of image tubes nnd solid state devices, and to review [I] for a suiaimary of 
actual performance a,s meteor detectors. Wfe will coirraider only the vidicon ti1 e and solid state 
6 @ D  sensors here, since the va.st majority of current vicleo cameras USE: one of these detect'ors. 
The faceplate target of the vidicon tube  consists of a photocoiiductive layer ~:;;.h!eh m a y  he 
considered as a matrix of many para,llel resistor-capacitor elements. The presence of light will 
loxr-er the resistance ancl  all^^ disclmrge of the capacitor elements. A beam scans across the 
tube,  and the current required to recharge the capacitors is an indication of the amount of light 
wizicli has fallen on that region of the sensor since the preceding scan ( i . e  during the frame 
time) . 

' Iyideo detectors work 011 the principle of scanning across the image, one line at ii time. In interlaced inode 
every other h e  is scanned 011 one pass through the image, and this is termed a field. Two fields constitute a 
coiiiplete frame, In Korth America tliere are 6 0  fields ancl 30 frames per second, while in Europe there are 50 
fields and 23 frames per second in a n  interlaced picture. 







a video detector with a - i : 3  aspect ratio. Ira add~tiosi - 
(in mir,ules of arc) assuming a resolution of 560 pixels 
sensitivity (in ~ t r o c o m i c a l  magnitudes) assumhg the night s:i 
both 500 and 200 pixel resolutionq The 1iackgrou;lJ limit will v 
location, weather coiiriitions. arid observing or ient~~l ion.  
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have a similar standard for video-based observations. M y  first> ~ n c ~ ~ ~ a t ~ ~ ~  was to propose a 
correction which would al.Low direct, comparison bet.weea visual and video-based observatisxis. 
This is more difficult to do wi ih  precision than on.e would at first think. The key p r o b k i ~  is 
that  the effective field of view for a visual observer is magnitude dependent, being rnuch larger 
for ]>right meteors than for faint ones. The correction which should be applied will in turn 
depend 0x1 the  popuiation index r of the shors-er ( r  i s  the ratio betlveeri the number of ~ n e t e c r s  
of one magnitude ciass and the ntlrnber in t h e  class which. is one rr..agnitude brighter). Also, the 
discrimination of vides-based systems against fast moving images requires additional c o r r e ~ t ~ i ~ n  
factors. It seemed to  ine dangerous to propose callkg some corrected s7ideo-based observation 

a Z’HR ijrifir to  proper long term calibration of the video standard agains? obser1:ation.s l?y 
:d:illed. amateur observers. 
Hcnce I a m  proposing ;i. television zenithal hourly ra,te (TV I tAinic ti3a.t there is value 
:I-x !.:eeping this standard as sirxail.ar as possible 1;o the visual ~ Therefore we will define it 

d anbserT=ing systtem 
zenith. assiarning a 

I;i.raiting sensitivity of +G,5 and a cloudless iiight. The choice of a 8655 square degrees field eS 
vie-:i- is based oil the work reported in [53 n7hich suggests that the effective field of view or” a 

cle of approximately 5205, While this I s  a, very large field of view, and a 
vit8yg for a video-hased. .meteor observing system, we have a,ilopi 

i1c.y -wit,h tile V S S U ~ !  ZHR. E a c h  OC the C U I I ~ O E ~ ~ ; ~ S  ~eqr.iirt.ii iri the ca,i 
in C l i  c at ed 13 6;1oVv * 

.he nr:m.lxr of slioiwr meteors which would be detected by a video-b 
i a field of - c ~ i e ~  of size 8635 sclrzare degrees if the radiant were a t  t 

clo1.1c? .iuCr.rferen a,s iiidica,ted ahcsve. 
Id 06 ~ U i Z U i  C07.‘reGti013 This i s  a, sinnple geometr?.c C c i l  tion given by: 





1.56 /" the Sourrial of' the PA4 
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the  tripod. The t,ripod. structure seeks to combine a low-weight? 5 eletal. strucrturra 
the, structure portable, with the possibility of rnove~a-;ent the 
irnuth or eqaatoriai arra,ngement. A 
light-gathering i~.istrunient proper1.y. 
concerning the observer who woiili! be using them: 

re common being i ~ i i  

to these a holding clasp suc,h as a cradle tjo szcurc" + L  .IIC 

forinnately tripods are desi,sned wit,h I,; 

1 I T h t  the o'laserver is star,disig, in a,zi upright position; 
2.  That the observer is relatively free to adjust his or her body position; hjs or 1 

brought in h i e  with the hght passing through lhe light-gatherjng hrjlrumf::j. 
ease. 

Such assimptions do not  readily hold In the context of telescopic or birj.ecula: me 
The observer is expected to maintain regu1.a~ vigil over a specific strategiciilly selected ~,e~il"s~cppic 
or binocular field for a n  average of 20 minutes or S O .  A watch. of such a d 
effective if carried out in an upright), staiidiizg position: the observer would soon beco 
not o i ly  'Ixca,iise of tlie sraniling position but also because of the difliicuitg. 
fully staticma.ry s ~ c h  as to  g1il:npse the subtle int,rusioai of f'aiut shooting s:ars thror.;gh 
observed. Indced? a crucial ccmpoiieiit Qf effective telescopic or bkiiocul 
comfort. A comfortable, non-straining observing position reduces stress 

.the li1;elil.ioc.d of persetwa,r.lce in any  forxi of voiuiit,a.ry actjs 

iiglitly. There  is 
x7ay to expliiin the attraction. and perseverance of observers in this field, 

I .  

permit,ting greater concentratiou 011 the visual activity. Arid let 

lneteor I V ~ L  P a r ~ i c u l d y   he^ N K L ~ , ~ W S  c o n c e l - ~ ~ d  ~ "chi 

doubt, that, relative ease of under.t&ir;g visual meteor tva~chi 
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The tiyo bolts holding each of the two “A” sections to the “U” section via the metal brackets also 
permit further refinements in altitudelheight of the quadpod. This can be done by changing 
tile angle subtencled at the apex of each “‘A” section. A larger angle means lower height from 
the g ; ~ o u d ,  and vice-versa. Otherwise, one inay simply tilt upwards or downwards the long 
~vooden base of the “L”’ section. These fine adjustments may be carried out while tlie actual 
i i~eteor watch is in progress. All they involve is the loosening of the two bolts (one to  the left, 
one 50 the right of the observer’s head), carrying out the adjustments and re-tightening the 
l m l t c i .  A.;l this call be  performed in a few seconds, and with the observer’s eyes never leaving 
the field u d e r  observation. Another fine adjustment Is to slide the binoculars backwards and 
fcmvTJnrds some celltimeters on the “U’ section for I d l  comfort, chmging the distance between 
xlie eyepieces and the O ~ S ~ T V ~ T ’ S  eyes. This is however usually a once-only adjust 

dr t h e  start of every watch. 

7 ’ 1, kind of loinoculai mount has proved itself in observation. Tt requires ixacticallv ~ e ; o  
1 ~ d m i c d ,  meclzanical or woodivorking sliills I Indeed, the parts may be ordered ready cut and 

fiooan m y  carpentry shop. The mount call he assembled or disassembled slowly in alrout 
rite3 for maximum portability. TVheii d l l  the wooden parts are placed in a specially made 

3 exeiie carrying hag, the whole lot w7eighs 5 kilos and can be carried about with ease. 
i ,~cier  using d sliouldcr strap to leave both hands flee. 

A l q  I rl-kLxnk !lialcolni Currie for inspiring the construction of this biiiocular inount. . aiicl 
fully, via this article. many others like it. TO his credit also goes the liiadling of in 
ular (11 telescopir meteor svo:k among members of the Astrorsoinical Sori=ty of K j I  

clinnk s37holehear~edly Joseph Sciic~nbri for l-milding the mount iir hi4; span0 t im 

bc h c  LuljLi for coinpleting the accompanying teclinical diagram, and my wife cu-11 ol-iserving 
: omp;mion Anna for designing and sewing thc binocular mount’s carrying bag. 

T l i P  c f~~~~~~~~~~~~ lor the 013 vat io r i  of the 
s ~ i  Wmt and Central Europe this year. At lie longitude of our observatory (l”1‘Pn El t 
maximum O G C U ~ G C Z  a t  21h local time ancI tlie altitude of e radiant, was only 10*. So, tlic 
values of the ZWR correction are too high, Moreover, the on in first quarter caused a very 
lcm iiinjting magnittide (about 4.5 at  the 11 ning and 5.5 near the end). Under this conditions 
i t  was impossible to determine a correct Z value, but we were happy to see several beatitifd 
62 iindra ait id s , 

Dirring the four intervals (18’155m-1921551n, 20”271x’--21h27m, 22”0Om-23”O0”, and 231’331’’- 
00’L331n UT) 49 Quadrantids and 32 sporadic meteors nwe registered. This number is the 

1 of four observers (J, Falxicius, J. Slivarka, P. Zimnikoval, and D. QCen&3) with tlie help 
. Cah&kov&, The ZHR cun7e is 011 Figure 1. 

iiactraritids mcteor sl~owei ~ v e r e  not very go 
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Table 1 - Magnitude distributions of the 1990 Lyrids, @-Bootids and sporadics, observed in 
Spain. (The average limiting magnitude was 6.45.) 

ns i. lrt 

'\YitXmut doubt ehe aurora has become the major ohs tacle towards dark sky meteor work  With 
soicir activity increasing, this i s  to he expected and the trend will not likely rev 
l ~ ~ o i r  years. Cloricl and poor u7eather has been typical €or the province during 
~ i ~ i c i l  mcapls tlmt oiily one out of every 4-5 nights is clear enough for useful work. 

The fiist session of the period took place from I\/Iiquelon Lake to the southeast of the  cliy 
or' Edmonton. I had the pleasure of being joined by Marc Zalcik, another arcient Alberta 
.-iwt r w  o l ~ c i  v e ~ ,  for this session wliich lookeel initially to promise cloud-free and axrcsra-frw 

oniinous 
the time half of the next hour had passed, the sliy was 

virtri;ll!y overcast, the wind was blowing and the aurora had enveloped the small patches of 
clcar rc.rnciining. Taiirid activity did not really come in full force as the radiants were still f 
low aiid sliy coirditioirr were less than ideal through most of' this session. No rionids were seen 
a:, t l i ~  rtzrliaiit Irad not Iiad the  opportuniity to rise by the time h e  session 

Thi '  next b e ~ ~ i o i i  took placx 0x1 the suiiimit of hfaqua Lake on ecember 29-30 and c,onditions 
1 i~iaclc the October Micjucion Lake secjsion look tropical. lie aurora was active anid this 

tiruc- I 0 1 ~ 1 i r  ~ i z t i i i c \ g c ~ l  to  gct half a a  hour into the session before the clouds rolled isJ fr'cw the 
omlxwictl lxy a hitccr t,iew/,e. KO Quadrantids were seen as the radial15 was far too 

?OJV t \I p~oclrice activity. 

It-iowever, vithin one lioiir 
bald lurked to the webt. 

e aurora has become active to tlie North and 

ion on hfarcli 3 -4 took place again from Miquelon Lake with ark alon7g a5 7vell. 
re quite favorable with the aurora quiet .to the North and no cloud to  interfere 

pro cluced m y  m i  t i ceal Ie 
wever, tlzc late cha 

18 sporadic nicateors. a 
lcvcl ~ ~ i ~ ~ ~ ~ ~ r ~ ~ ~ ~ e  to .vvlia.c I normally see in July and not had for a month Xmcawn usually for it? 
low S p < J " x l d i C  activity. Tlic final. sehsion oii 3larcl-1 17-18 took place again from M j ( i w l G n  Eda 
and  ag;14n with hIark, Tliis iession got off to  a very good start  when 4 niinuter into the first 
liour a brilliaizi. --G fireball appeared low on the SSW horizon brie y lighting things sip wit11 its 
tciminaf. lxirst. Curiously the final phases of the fireball appeared distinctly greeu in color, a 
phciiomenon I liave only rarely seen before. The fireball ended only a couple of c1egrec.s alm:-e 
tlie lzorizon so people in Southwestern Alberta undoubtedly got the best view of the e'ircnt. The 
011157 otlzei activity preseul on this night was a loiiely Virginid and one slow Camelopartbalid 
a tki t ing to the gerierally low activity characteristic of most of the spring rriinor slio.vvcis. 

None of the early minor spring show 
nit1 being loggcd as a sliower member. 
arcnt wlim the final hour saw no less 








