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Useful Information 
The October Issue (WGN 19:5) 
The October issue is expected to be mailed during the second week of October. Contributions 
are due September 22. They should be sent to Marc Gyssens or to any member of the editorial 
board (addresses: inside of back cover), or given to Marc Gyssens at the 1991 IMC in Potsdam, 
preferably on diskette. The editor-in-chief will carry empty diskettes with him which will be 
given in return for articles submitted on diskette. 
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Editor-in- Chief 
Marc Gyssens 

This  issue coniains another global shower analysis, as promised. Ralf Koschack and Paul Roggemans focused on 
the 1990 Orionids, resulting in article of over 15 pages! A s  similar analyses are to  be published in  about each 
issue, it  is t o  be expected that space problems will re-occur. To alleviate this problem, we have decided t o  publish 
the purely informative articles (editorial, letters, notes f rom the commissions, observers’ notes, information about 
and reports of meeiings, etc.) i n  smaller print ,  saving us  at least two pages p e r  issue and providing Y O U  extra 
information at the same cost. 

I n  fh i s  issue, you will also read about the Fourth Conference on Asteroids, Comeis and Meteors that took place 
last June in Flagstag, Arizona. Among other things, it  was decided there to select six consuliants f r o m  amateur 
meteor organizaiions to function in  a working group on amateur-professional cooperation in the context of IA u 
Commission 22. I M O  will provide three out of these six consultants! Surely, this decision constitutes yet another 
milestone in  the history of I M O  and the achievements of its aims. 

Nevertheless, I would like to warn once more against euphoria. I M o  has grown quite strong now on the “visual 
front”. A s  various analyses published in  W G N  show, we really have something t o  ofler lo the professional 
communily i n  this field. However, I M O  is not and cannot be an organization for visual meteor observations 
alone. A should therefore be one of IMO’s chief priorities t o  develop the other branches of meteor astronomy t o  
the same level the visual branch has reached now. Let us a l l  join our efforts t o  realize ihat goal  in the near future! 

etters to  W 
compiled by Marc Gyssens 

The Glatton Meteorite 

Shortly after the completion of the June issue, we received another article on the impact of the Glaiton meieoriie 
i n  England f r o m  Noel White. Mr.  White was only a 45 minute journey away f r o m  the village of Glatton. However, 
most of the information provided b y  Mr. White was already covered b y  Mr. Shanklin in the previous issue and 
will therefore not be repeated here. Nevertheless, Mr. White’s repod also contains an interesting comparison with 
the fall of the Barwell meteoriie i n  1965 (also mentioned in the article on p p .  100-101 of the previous issue) that 
we are pleased t o  reproduce below. W h e n  this event occurred, Mr. White happened t o  be just  a f e w  miles away 
f r o m  the place of impact, which enabled h im  t o  interview eyewitnesses. 

A It is interesting to compare the Glatton Meteorite with the 
last one to fall on the UK on December 24, 1965, at approx- 
imately 17h15m UT,  in the village of Barwell, near Leices- 
ter, A = 10342 W, /3 = 520568 N. The Barwell Meteorite 
was probably of a softer composition and broke into several 
pieces in its passage through the atmosphere. 

Two of the main pieces fell about half a kilometer apart, 
while another piece made a hole in the bonnet of a car and 
another broke the window of a house. When touched, it was 
warm, not hot. Yet another piece fell on a tarmac road and 
left a grey powder which was still present when I was there. 

Eyewitnesses told me that a t  least six loud whistling sounds 
and detonations were heard and a bright fireball which in- 
creased in brilliance above the apex of a house opposite indi- 
cated that the meteorite came from the NNE at an approx- 
imate altitude of 35’. 

A total of 22 kg was recovered and when fitted together 
formed an irregular piece measuring approximately 38 cm 
long by approximately 18 cm. 

Noel Whi te ,  June 9 ,  I991 
Figure 1 - The impact sites of the Barwell and Glat- 

ton Meteorites. 
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rt a otes from the Radio Commission 

In order to reduce radio data  in an  acceptable period of time, I ask all observers to send in their observations 
within four  months after the observations. At this moment, radio data  from a year ago are still coming in. SO 
please, do respect this time schedule. 

The Radio Commission has a complete set of standard observing forms. So, please use the standard IMO radio 
forms  and not your local observing forms. The conversion to the IMO standard costs us a lot of precious time 
and is a never-ending source of problems. The forms are available at  the Radio Commission. They are free of 
charge! So please use them! 

People who send in observations on a diskette should use the RMDB format, which is is available from the Radio 
Commission. 

Recently, a new version (release 3.02) of the FORWARD program has become available. One of the main 
enhancements is the dBase interface. I t  allows one to completely automatize the calculation for different stations. 
The program can be obtained from the Radio Commission. In order to  keep costs down, please enclose a self- 
addressed envelope and a 360 kB, 5;'' MS-DOS diskette. 

is ervers' Notes: Se t ember-Oct ober 199 1 

1. ~~~~~~~~~~~~ 

Following the excellent activity of the previous two months, observers tend t o  feel let down when rates return 
to normal during September and October. Because of this, nowhere near as much observational work has been 
carried out during this time even though there is much to see. 

Table 1 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 Moon is always given for Oh U T  on the date indicated. The dates of the 

For more details, we refer to the IMO 1991 Meteor Shower Calendar. Here we highlight some of the showers 
visible during September and October. 

oon are also given in UT. 

Table 1 - A list of meteor showers to  be seen during September and October 1991. 

Shower 

7i--Eridanids 
a-Aurigids 
6- Aurigids 
Piscids S 
rc-Aquarids 
Capricornids (Oct) 
u-Qrionids 
Draconids 
E-Geminids 
Or ionids 
Taurids S 
Taurids N 
Puppid ,/ Velids 

Activity 

Aug 20-Sep 05 
Aug 24-Sep 05 
Sep 05-0ct 10 

Sep 08-Sep 30 
Sep 20-Qct 14 
Sep 10-Qct 26 

Aug 15-0ct 14 

Oct 06-Qct 10 
Oct 14-0ct 27 
Qct 02-Nov 07 
Sep 15-Nov 26 
Sep 13-Dec 01 
Oct 15-Jan 22 

Max 

Aug 29 
Sep 01 
Sep 10 
Sep 21 
Sep 22 
Oct 03 
Oct 05 
Oct 10 
Oct 20 
Oct 21 
Nov 03 
Nov 13 
several 

ff 
- 

52' 
840 
60' 

8 O  
339O 
303' 
86' 

262' 
104' 
950 
50' 
580 

1200 - 

Radiant I Drift 

A6 

+oo 2 
00 0 
00 1 

+002 
$002 
+002 
00 0 

000 
$00 1 

I 

V, 

59 
66 
64 
26 
16 
15 
65 
20 
71 
66 
27 
29 
40 - 

- 
r 

2.8 
2.5 
3 .O 
3.0 
3.0 
2.8 
3.0 
2.6 
3.0 
2.9 
2.3 
2.3 
2.9 

- 
ZHR 

15 
7 
3 
3 
3 
3 

5 
30 
12 
8 
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Table 2 - Moonlight and observing conditions in September-October 1991. 

107 

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

k Date k 

September 8,  October 7, November 6 
September 15,  October 15,  November 14 
August 25,  September 23,  October 23 
September 1, October 1, October 30 

Table 4 shows the relationship between angular velocity, altitude and radiant distance of a meteor for various 
values of a meteor stream's geocentric velocity, as published in [I]. As this relationship must be carefully taken 
into account when identifying shower meteors, we re-publish this information here as a courtesy to the readers 
who joined us this year. 

2. Southern Piseids 
This weak ecliptic stream is active from August 15 through to October 14. Rates are generally one or two meteors 
per hour, but on occasions have passed 5 per hour around the maximum which occurs on September 21. 
With a Full Moon occurring on September 23, the Piscids can be best observed under dark sky conditions 
from the southern hemisphere during the periods September 1-15 and September 28-October 14. Observers 
should face the radiant area and plot all Southern Piscids seen taking care to distinguish them from the sporadic 
background. 

Table 3 - Radiant positions of the Southern Piscids. 

3. #-Aquarids 

This minor ecliptical stream has an  activity period from September 8 to 30. It  reaches a maximum ZHR of 3 on 
September 22. Since its period of activity and its radiant position is similar to that  of the Southern Piscids, both 
showers can be observed simultaneously. In 1991, the Full Moon on September 23 means that the K-Aquarids 
can be observed under dark sky conditions from September 8 to  14. Southern hemisphere observers should make 
their center of field of view somewhere around (Y = 345O to Oo 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. 

4. b-Aurigids 
AS the observing circumstances for the Southern Piscids and the K-Aquarids are rather unfavorable this year, 
we do  not encourage northern hemisphere observers to  watch these showers. They will be much more successful 
with the 6-Aurigids. 
Indeed, the radiant of this minor shower is well situated for observers in the northern hemisphere. The fast 
(Vw = 64 km/s) Perseid-like meteors are very striking and the ZHR reaches values of about 7 around September 
10. But  after more or less successful Perseid campaigns, most observers rest on their laurels a t  that  time. That is 
why our knowledge of this shower is rather poor. With New Moon on September 8, the conditions to monitor its 
activity are very favorable in 1991. Observers in the northern hemisphere are called upon to pay special attention 
to this shower in their September observations. Except for the first two hours after dusk, the radiant is sufficiently 
high in the sky for useful observations with the best conditions in the morning when the radiant approaches the 
zenith of mid-northern latitudes. Therefore, the morning hours should be preferred for observations. Choose the 
center of your field of view at about 20" to 30' from the radiant. 
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Table 4 - Angular velocity ( O / s )  as a function of the altitude of the meteor’s beginning point hb and 
the distance D between the end point and the radiant for various values of a stream’s 
geocentric velocity V,. Hb is the altitude of the meteor’s beginning point above the 
Earth’s surface. 

All possible 6-Aurigids should be plotted. For final shower association to be carried out a t  the desk, take into 
account all criteria (direction and length of the path,  angular velocity), using Table 4. Table 5 shows the position 
of the 6-Aurigid radiant throughout its activity period. 
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Table 5 - Radiant positions of the 6-Aurigids 

ctober Capricornids 

The October 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 maximum on October 3.  With a Full Moon on 
September 23 the maximum period of their activity will have dark skies. Intending observers should ensure that 
they face the radiant position and plot all possible shower meteors. Care should be taken in identifying these 
meteors. At  maximum the October Capricornid radiant is situated a t  (Y = 303' and 6 = -10'. 

6. Comet Findlay radiant 

Observations during September and October have indicated 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 Moon during 
late September, southern hemisphere observers are requested to make observations of the Comet Findlay radiant 
a priority in 1991. Since they can be observed simultaneously with the October Capricornids, southern observers 
should endeavor to monitor both. To do this they should have a center of field of view situated around (Y = 285' 
and 6 = -20', which is midway between both shower radiants. The Comet Findlay radiant should be monitored 
from September 25 through to  October 15. The radiant area is from cr = 260' to 280' and 6 = -30' to -42'. 
AH possible shower members should be plotted and great care should be taken in identifying any meteors coming 
from the radiant area as such. 

This shower is active from September 10 through to  October 26. I ts  maximum ZHR of 3 meteors per hour 
occurs on October 5 which means that the Moon does not interfere with the strongest period of activity in 1991. 
The cr-Orionids have their radiant in the Belt of Orion and so after maximum great care needs to be taken to 
distinguish them from the October Orionids. This year, the IMO is particularly interested in the a-Orionid 
activity profile for the period September 29 to  October 16  when the skies should be almost moon-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 and 
care taken in identifying them. 

Table 6 - Radiant positions of the v-Orionids. 

The October Draconids reach a sharp predicted maximum at 22h U T  on October 10. In 1991, moon-free skies 
make this period shower a must for monitoring. The Draconids can only be seen from the northern hemisphere 
and provide extremely variable rates from the ZHR 0 to storm proportions. Situated a t  a radiant of CY = 262' 
a n  6 = +54O, the Draconids should be monitored from October 7 to 11 to see if there are any unusual outbursts 
of activity (probably unlikely) and to determine the structure of the stream. Intending observers should plot all 
stream members seen unless the ZHR rises above 10 when classified counts may be taken. They should have their 
center of field of view located no more than 40' from the radiant position. The diameter of the Draconid radiant 
is 5'.  The geocentric velocity of the Draconids equals V, = 20 km/s. Please use Table 4 for shower membership 
identification. 



110 IT'GN, the Journal of the IMO 19:4 (1991) 

This major shower will have very unfavorable moon conditions in 1991 with the Full Moon occurring on October 
23. The Orionids have a complex radiant structure with the center of activity being located just north of the 
star Betelgeuse a t  maximum. The Orionids are associated with Comet Halley and, like the 7-Aquarids, display 
a plateau-like maximum. This can vary from year to year but  is generally from October 20 t o  25. The Orionid 
maximum occurs on October 22 with a ZHR that is usually in the range of 20 to 30 meteors per hour. Orionids are 
best observed during the latter part of the night when the radiant altitude rises above 20". They are observable 
in both hemispheres and all possible Orionid meteors should be plotted unless the ZHR exceeds 10. Thereafter, 
classified counts may be taken. 

18. Taurids 

This shower is broken up into several substreams, the most important of which are called the Northern and the 
Southern Taurids respectively. The Taurids have one of the longest periods of activity known and last from 
September 13 through to December 1. They reach a broad maximum in late October and early November. The 
maximum of November 3 (Southern Taurids) and November 13 (Northern Taurids) given in the radiant list were 
derived from radio meteor and photographic meteor orbital elements and not visual observations. The  latter give 
an uncertain picture. At  maximum, Taurid activity is often very erratic with rates ranging from 1-2 meteors per 
hour to as high as 10 or 15 meteors per hour. 
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 well represented. This together with their relatively low geocentric velocity means that they can be 
recorded more easily on film than most other showers. Perhaps you could try and photograph some for the IMO 
~ h ~ t ~ ~ ~ a ~ ~ ~ c  Meteor Database .  
Since they have a great longevity of activity, the Taurids have parts of their activity period moon-free and others 
greatly aEfected by the Moon. They can be easily seen from both hemispheres. When observing the Taurids, all 
possible shower members should be plotted. In order to distinguish meteors from the both branches the center 
of field of view should be located between 20' and 40' east or west of the radiant a t  the same declination. 
In September the most favorable center of field of view is around CY = 0' and 6 = $10' to +15O. This way, 
K-Aquarid, Southern Piscid, Northern Taurid and Southern Taurid radiants can all be observed simultaneously. 
In October the most favorable field of view is located at CY = 80" and 6 = $20' which enables both the Taurid 
radiants together with the Orionid, a-Orionid and the &-Geminid radiant t o  be monitored a t  the same time. The 
IMO is particularly looking to  obtain Taurid ZHR profiles and to investigate the population index during the 
1991 Taurid watch. 

eference 

. Koschack, "Estimating a Meteor's Angular Velocity", WGN 18:4, August 1990, pp. 103-104. 

servers' Notes: September- ctober 1 

Again there have been disappointingly few telescopic Observations reported since the last set of notes. However, 
David Swann has reported a burst of activity of five meteors, including a possible "head-on" event, on July 4, 
4991, from 03h55m to 04h10m U T  in the Draco region. The four moving meteors appeared to radiate from the 
position of the stationary meteor, which also coincided with a magnitude 7.5 star. The increased brilliance of the 
star might be intrinsic, i.e., a flare star.  If you have any observations during the period July 3-5 please submit 
them soon. We should like confirmation of these observations and to determine the nature of the event. 

1. Fort ing events 

Although sates are still high during September, the lack of a major shower means that our knowledge of the 
minor showers and their telescopic properties is poor. One excellent project would be to search for the minor 
showers without any prior assumptions. Remember because his plotting accuracy is far superior to  the naked-eye 
watcher, the telescopic observer can identify and pinpoint shower activity that is several times weaker than the 
sporadic noise. 
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The observing technique is to select pairs of fields separated by 30’-40’ and a t  elevations of 40’-6Q0-for most 
observers that  would correspond to  6 = +lOO-and alternate between them. As the celestial sphere revolves, 
select new pairs. 

There are several minor showers in the Auriga and Cassiopeia sector. The best known are the 6-Audgids and 
the a-Aurigids. The tail end of the latter can be seen during the first week of September. Well placed this year 
are the S-Aurigids during October’s New-Moon period. According to visual data from the Arbeilskreis Meteore 

and an  analysis of Hoffmeister’s radiants [I], there is also activity from early September. Michael Nolle 
made observations in 1990 on September 13-14, 14-15 and 16-17 with a 10 x 70 binocular within three fields. 
His analysis shows no concrete evidence for the 6-Aurigids before the accepted activity period. There were seven 
meteors passing through the predicted radiant at  a = 66’ and S = +51’, but six were from a field only a few 
degrees away from the radiant. During the same watches, however, another radiant is certainly evident a t  CY = 43’ 
and 6 = $49’. I t  was strongest on September 16-17 from when one third of the meteors recorded emanated from 
it. ~ ~ i c h a e l  would like more data for both showers in 1991. 

In 1988, I identified a shower of fast and faint meteors (typically of magnitude $10) radiating from a compact 
region in the 66bV” of Cassiopeia during late August to  mid-September. Peak rates were half the sporadic 

was also possible to follow the diurnal motion. The radiant moved from midway between CY and p 
September 6-7 to CY = 15’ and 5 = $59’ by September 11-12. In 1989, few of these P-Cassiopeids 

were recorded. I would very much like confirmatory observations. Observers with telescopes or large binoculars 
are particularly encouraged to make watches. 

A further four meteors seen in all three of Michael Nolle’s fields intersect within a few arc minutes at CY = 2405 
and 6 = 44903. It would be premature to say there was another shower present, however it merits further study. 

H bring this to the observers’ attention so they can select field centers allowing simultaneous investigation of all 
four potential radiants. Given the L-shaped geometry, it is impossible to have ideal centers. At least three fields 
are required, for example: Q = 52’ and S = +60°, cy = 43O and 5 = +39O, and cy = 23’ and 6 = $41’. Before 

local time, it may be necessary to select fields at  a higher elevation, e ~ g . ,  Q = 348’ and S = +7405. 
e,  you can see that September holds many surprises and its skies are well worth scrutiny. 

are also rich in faint meteors, yet I have seen little evidence of their telescopic activity possibly due 
iant compounded by low hourly rates. Though the sparseness of data could well be the main 

factor Their slow velocity ought to  make them easier to observe telescopically. 

The Draconids are enigmatic-apable of storm activity, yet often have disappointed when high rates have been 
predicted, especially in 1972--usually rates are low. This does not mean that  this shower is only worthy of our 
attention when the parent comet P/Giacobini-Zinner is near perihelion and high rates are possible. The Draconid 
shower is young and we have an  opportunity to watch its development into a mature stream. If the models of 
stream evohtion are correct, we would expect a gradual dispersal of the meteoroids around the stream orbit. This 
can be detected via monitoring each year. The smallest particles disperse quickest due to  Poynting-Robertson 
and Yarkovsky-Radzievskii effects, and since the Draconids are rich in faint meteors, it is especially important 
to make telescopic watches to look for activity. 

On October 4-5, 1989 A A  member Norman Kiernan suspected a radiant from cy = 122’ and 6 = $39’ but only 
based on five meteors. I would like to know whether this is a true shower. 

[l] J .  Renddel, “Radiants in the Per-Aur Region between August and October”, 1990 IMC Proceedings, Violau, 
1990, pp. 3 7 4 1 .  

F 

For the second time this year, the asteroid 1990 MF is crossing the Earth’s orbit (see also [1,2]). This time, the 
shortest distance (0.018 AU) is shorter than in July (0.032 AU). It is a pity for the visual observers that  activity 
is during daylight hours. We wish the radio observers good luck! The observability function for the September 
approach is shown in Table 1. 
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Table 1 - Observability function for a four-element antenna elevated at 45’ for each hour of the 
day (local time), four cardinal directions and four latitudes. For the calculations a 
transmitter distance of 1000 km and a transmitter power of 30 kW were assumed. 

1 Lat. I Dir. I 00 01 02 03 04 05 06 07 08 09 10 11 1 2  13 14 15 16 17 18 19 20 21 22 23 I 
+50 
$50 
+50 
$50 

+35 
+35 
$35 
+35 

00 
00 
00 
00 

-35 
-35 
-35 
-35 

S 
W 
N 
E 

S 
w 
N 
E 

S 
W 
N 
E 

S 
W 
N 
E 

0 0 0 0 0 0 0 0 0 5 3 5 6 4  89100 94 98 95 7 5 4 7 1 6  0 0 0 0 
0 0 0 0 0 0 0 0 0 9 5 7 8 5  91 98100 99 94 85 6 6 3 0  0 0 0 0 
0 0 0 0 0 0 0 0 0 4 32 58 88 100 95 100 94 74 42 15 0 0 0 0 
0 0 0 0 0 0 0 0 0 9 5 5 8 0  91 97100 99 94 92 6 9 3 1  0 0 0 0 

0 0 0 0 0 0 0 0 0 16 53 84 100 90 70 81 100 93 66 31 0 0 0 0 
0 0 0 0 0 0 0 0 0 25 69 93 96 100 100 97 94 88 7646 0 0 0 0 
0 0 0 0 0 0 0 0 0 13 42 67 93 100 94 99 97 75 52 24 0 0 0 0 
0 0 0 0 0 0 0 0 0 25 68 85 92 96 99 100 98 98 79 45 0 0 0 0 

0 0 0 0 0 0 0 0 0 3 3 7 0 9 5  100 71 0 44 94 99 8 1 4 8  8 0 0 0 
0 0 0 0 0 0 0 0 0 44 77 94 100 94 33 14 29 57 74 61 11 0 0 0 
0 0 0 0 0 0 0 0 0 33 68 97 100 84 76 70 97 97 79 47 7 0 0 0 
0 0 0 0 0 0 0 0 0 4 6  74 66 38 20 17 85 100 98 85 60 11 0 0 0 

0 0 0 0 0 0 0 0 5 34 60 78 88 100 94 98 88 83 67 44 16 0 0 0 
0 0 0 0 0 0 0 0 9 47 75 92 100 87 82 74 69 70 74 61 26 0 0 0 
0 0 0 0 0 0 0 0 6 42 74 96 100 70 23 48 92 100 83 54 20 0 0 0 
0 0 0 0 0 0 0 0 8 51 71 71 67 71 78 84 100 94 82 57 25 0 0 0 
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The Daylight Sextant ids 
Dirk Artoos 

22 23 24 25 26 27 28 29 30 1 2 

Figure 1 - Number of reflections recorded by  the author during end September and 
begin October in  1989 (squares) and 1990 (triangles), each time between 
gh4jrn and 10h15m UT. The  author listened a t  66.45 MHz with an an- 
tenna azimuth of 275’ and elevation of 40’. Solar longitudes (*)  are for 
eq. 2000.0. 
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Between September 24 and October 5 we can detect with radio equipment the activity of the Sextantid daylight 
shower, having its radiant a t  (Y = 152’ and 6 = 0’. 

For the second year in a row, I have obtained good results in 1990 from radio observations of this radiant. Also 
Norihito Kawamura (Japan) has reported a higher hourly rate during the last week of September, more precisely 
from September 27 to 30 around 3h-4h UT, which seems to agree very well with his observation circumstances. 

Personally, I had a significantly higher number of reflections on September 27 and 30 (see Figure l), around loh  
UT. Two remarks have to be made about Figure 1 that also contains observations of 1989. First, it  is noteworthy 
that there are two peaks in both years. Second, there is a remarkable drop in between the peaks on September 
29, 1990; this could be caused by atmospheric interferences or something yet unknown. 

As a guide for your observations, the observability function is displayed in Table 1. 

Table P - Observability function for a four-element antenna elevated a t  45’ for each hour of the 
day (local time), four cardinal directions and four latitudes. For the calculations a 
transmitter distance of 1000 km and a transmitter power of 30 kW were assumed. 

id-September 

AS mentioned in [I] and [ 2 ] ,  a meteor shower could be active during the morning hours, having a radiant located 
somewhere in the Qrion-Gemini region. 

During my observations in 1989, I had more success than in 1990, when I did not register signs of an increased 
activity (see Figure 1). I cannot find an explanation for this negative result. Nevertheless, Norihito Kawamura 
mentions a high increase (doubling of the number of the reflections) around September 18, 1990, between 18h 
and 20h UT. This is in good agreement with the observability graphic of this possible radiant with theoretical 
coordinates Q = 95’ and 6 = 12’. When you are observing visually during that period, please pay attention to 
this region. 

eferenees 

[l] 
[2] 

D. Artoos, “A Call for Action: September 16”, WGN 17:4, August 1989, pp. 120-121. 
D. Artoos, “‘Possible Radio Activity in September 1990”, WGN 18:4, August 1990, pp. 101-102. 
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7 

B 
Figure 1 - Number of reflections recorded by the author during mid-September in  

1989 (squares) and 1990 (triangles). Observations in 1989 were carried 
out between ah30rn and gh lOrn  U T ,  observations in 1990 between 8h45rn 
and gh20rn UT.  

* , 

14 16 13 20 
Figure 2 - Hourly rates recorded by Norihito Kawamura on September 18, 1990 'be- 

tween 14h and 20h U T  (diamonds). As a comparison, the observability 
function for Japan of the suspected radiant is also given ( % / l o )  (crosses). 

The 1992 IMO Meteor Calendar 
Marc Gyssens 

Thanks to the efforts of IMO's Vice-president, Mr. Alastair McBeath, the 1992 edition of the IMO Meteor 
Calendar has appeared in due time this year. It is forwarded to all IMO members, together with this issue and 
will also be send to  several astronomical magazines as a reliable source for data  on the observability of meteor 
streams. 
Needless to say, the contents of this IMO publication is intended to  be used. Therefore, local, regional and 
national groups of meteor amateurs are allowed to copy material from this booklet for their periodicals and 
newsletters, provided proper credit is given to its source. 
We hope that  this Calendar will inspire amateurs as well as amateurs-to-be to engage themselves in the fascinating 
study of meteor phenomena! 
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An analysis on the 1990 Qrionid data collected by the International M e t e o r  ~ r g a n ~ z ~ t i o n  shows two distinct 
maxima. The first maximum occurs a t  Xo = 207035 and consists mainly of small particles. The second peak a t  
A 0  = 20905 is caused by larger particles and is followed by a plateau in the activity profile over A 0  = 210: 5-213: 5. 
(Eq. 2000.0.) The analysis was conducted on 640 effective hours of observations by 111 persons between October 
10 and 31. In total 11 824 meteors were reported, 3054 of which were Qrionids. 

1. h e r  

comet P/Halley returned to the outer regions of our Solar System, the Interna- 
tch (IHW) has been closed down and forgotten by many. However, studies over 

eed much more regular efforts; the 
ojects. The Orionids were one of t h  

era1 observing teams at strategic locations being h 
in producing one of the best analyses on visual 0 

ing observers who contributed with the 
code of the observer is given, followed b 

6MO was successful 

d the effective 
observing time. 

, 24, Oh93), Javier Alonso (ALOJA, 16, 2h23), S. Anazawa ( A  
h l l ) ,  Luis Bellot (BELLU, 42, 4h58), Faul Bensing (BENPA 

(BODRB, 212, 8h52), Beata Cabakova (CABBE, 6, l h O O ) ,  JosC Antonio Caceres ( C A C J O ,  29, 2hOO), 
Francisco Campos (CAMFR, 11, 1!72), Mark Davis (DAVMA,  46, 4h50), Albert De Clerck (DE AL, 9, 
1h58), Werner Depoorter (DEPWE, 6, 1h58), Roland Egger (EGGRO, 89, 5h59), Phyllis Eide (EIDPH, 80, 
9!17), Jan Fabricius (FABJA, 32, 3h87), Yasunori Fujiwara (FUJYA, 25, lh93),  Kai Gaarder (GAAKA,  

hgl ) ,  George Gliba (GLIGE, 31, 3h00), Daniel Glomski (GLODA, 5, 2?108). Victor Gonzalez 
, 39, 2h30), Robert Haas (HAARO,  179, 13hl6),  Gabi Baderer (HAD@ , 159, 11h70), T. Basegawa 
, 37, 3h45), Takema Hashirnoto (BASTA, 40, 4h84), Craig Hinton ( N C R ,  178, shag), Daiyu Ito 
, 35, lh75),  K.  Jwaki ( I W A K U ,  23, lh94),  Kiyoshi Izumi (IZUKI, 49, 3hQ2), Toshio Kamirnura 
, 12, 2h15), Stanislav Kaniansky (KANST, 55, 4!00), Norihits Kawamuro (KAWNO, 45, 3h85), 
idger ~ K I ~ ~ A ,  43, 2h60), Y. Kikoku ( K I K Y U ,  10, 1h64), Andrd MnGfel ( K N O A N ,  218, 17!06), 

, 34, 2!27), Detlef Koschny (KOSDE, 164, shoo), N .  Kosiyama (KOSNB,  16, 1!28), 
, 1566, 32h07), A n d r e a  Krawietz (KRAAN,  35, 2h08), h l f  Kuschnik (KUSRA, 33, 
rd (LUNRU, 269, 12!54), Kouji hlaeda (MAEKO,  38, 1!00), Katsuhiko Mameta 

ARAD, 20, 1h89), T .  Maruyaina (MARTA, 18, Oh87), Alastair 
8), Adam Miller (MILAD, 169, 8 h l Q ) ,  And n Miller ( M I L A N ,  9, Qh93), Koen 

396, 22!41), H. Mizoguchi ( M I Z H I ,  141, 6hl4),  hael Morrow (MORMI, 66, 6h92), 
h95), K. Wakasima (MAKKO, 25, 2h33), T. a t a  (EBAKTO, 28, 1h92), K. Noze 
el Qcenas (OCEDA, 23, 3hOQ), T. Qno (ONBTA, 15, 1h96), Y. Qyama (OYAYO,  

70, 2h33), Duke  asen en cia (PLADU, 41, 3!69), Robert Purvinskis (PURRO, 7, 1h80), Leo Rajala (RAJLE, 
319. 11h70), Thomas Rattei ( R A T T H ,  35, 2h42), Ina Rendtel (RENIN, 1113, 39h54), JGrgen Rendtel 

cisco Reyes Andres (REYFR, 21, 3!93), Janko Richter (RICJA, 13, lh31), 
20, 2h50), Bauke Rispens (RISBA, 177, lOh18),  Pablo Rodriguez (RODPA, 

s (ROGPA, 767, 3!?h54), Toru Sagayama (SAGTO, 15, Oh87), Kotaro Sakurna 
mingo Salazar (SALDO, 19, 2!OO), Niromi Sato (SATHI, 10, 0h93), T. Sat0 (SATTA, 

SCHJE, 211, 13h82), Patric Scharff (SCHPA, 95, 6h08), Yasuo Shiba ( S I B Y A ,  
U ,  15, 0!90), T. Simoda (SIMTI, 52, 3h46), K. Siotani ( S I O R A ,  116, 5h08), 
h O O ) ,  James Smith (SMIJN, 105, 5h31), Detlef Spotter (SPODE, 228, 17h84), 
3h75), Y. Suzuki (SUZMA, 15, 0!9Q), David Swann (SWADA, 78, 4!00), M. 

(TAIRI, 64, 9!2Q), K. Takeuti (TAKKE, 25, lh42),  M. Takanasi 
I, 19, Oh88), S. Tanaka (TANSY, 22, oh93), Hiroyuki Tomioka 
, 94, 5h27), Josd Trig0 Rodriguez (TRIJO, 13, lh04),  H. Ueda 

43, 4h96), Toshihiko Ueno 
68, 4h83), Roger Vodicka 

ITTR, 48, 2hOQ), Jeff Wood 
Xingming (XINZH, 253, 9!58), Yasuo Yabu (YABYA,  16, 2h93), S. Yanagi 
imnikoval (ZIMPE, 23, 4hQO). 

Ralf Koschack 

ayoshi Ueda (UEDMA, 3 0 ,  l h g l ) ,  S. Uehara 
Verbeeck ( V E R C I ,  5, lh58),  Daniel Verde 

and Winkler ( W I N R O ,  116, 8h15), Tracy Lyn 
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Some more statistical information is available from the Visual Meteor Database (VMDB). The 
period under investigation runs from October 10 to 31. The 111 observers listed above are 
grouped per country in Table 1. From the 11 824 meteors seen, only 3054 were Orionids. Other 
radiants were also covered during the Orionid watch and their totals are listed in Table 2. 

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

Country 

Germany 
Japan  
Australia 
France 
the Netherlands 
United States 
Spain 
Finland 
China 
Czechoslovakia 
Norway 
Canada  
Belgium 
United Kingdom 

Total  

0 bservers 

18 
44 

8 
1 
4 

10 
12 
1 
1 
6 
1 
1 
3 
1 

111 

Meteors 

5461 
1710 
944 
767 
761 
737 
390 
319 
253 
184 
169 
105 
20 
4 

11824 

Teff 

235h37 
119hlO 
49h 86 
39; 54 
48h 55 
55h9 i  
34h28 
l i h 7 0  

19h87 
5h9 l  
5h31 

Oh 58 

640h 30 

9h58 

4h 74 

Table 2 - Total number of meteors observed per shower. 

Piscids North (BPI) 

The Visual Commission of IMO thanks the observers for their effort that made this analysis 
possible. The impressive numbers in Tables 1 and 2 show once again the usefulness of global 
data collection in the VMDB. 

index T was calculated from individual cumulative magnitude distributions (m)  
The criteria for including a by linear regression log @(m)  = rn log T + b according to [1,2]. 

magnitude distribution in the analysis were set as follows: 
a )  the faintest magnitude class used had to be brighter than lm - 1.3; 
b )  from the faintest class onwards there had to be at least five consecutive classes containing 

at least three meteors each; 
er of shower meteors had to be greater than 25; 
by more than 40 

e) the correlation coefficient is higher than 0.98. 
If more than five cla,sses fulfilled the criteria, the regression was carried out for all possible 
intervals and the regression having the highest correlation coefficient was taken as the most 
reliable result. Magnitude distributions not fulfilling the criteria a-c were cumulated per date 
interval until the resulting magnitude distribution fulfilled these criteria. In this way, reliable 
individual population indices were obtained. The individual values were then averaged per date 
interval (centered at O h  WT from 12h UT to 12h UT). 
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The resulting profile for the Orionids is shown in Figure 1 (left) and Table 3. For comparison, 
the corresponding profile for the sporadics is shown in Figure 1 (right) and Table 4. The error 
bars given in Figure 1 and in Tables 3 and 4 correspond to the 68% confidence interval a/@ 
with n the number of individual values. For n = 1, cr was obtained according to the results of 
the simulations in [l] using the approximation given in [2]: 

cr = 4.07 N-0.764 + 0.2 

with N the number of shower meteors. 

3. 6 

3, 4 

3. 2 

3. 0 

2. a 

2. 6 

2. 4 

2.  2 

196, 0 202,0 208.0  214.0 
199.0 205,0 211.0 

?&r LqibKk (2000.0) 

Figure 1 - Profile of the population index r for the 1990 Orionids [left) and for the sporadics in October 1990 
(right) . 

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

Table 4 - The r-profile for the sporadic meteors in October 1990 
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rionids, we find a remarkable peak at  A 0  = 20705 (October 21.0) of r = 2.91 f 0.14 
while the level for the rest of the activity period is r M 2.4. It is interesting to notice that such 
sudden increase in r was also reported in 1974 by Hajduk and Sirnek [3] when a remarkably high 
population index for the Orionids was found at A 0  = 20607. 

One might argue t at the peak in the Orionid r-profile is caused by observational effects. To 
test this, the p ulation index profile was compared with that for the sporadic meteors during 
the same perio calculated using the same method. The level lies around T = 2.8-3.0 without 
any significant increase on October 21. This rather low level can be due to the relatively high 

of the apex source in the fall of the northern hemisphere. Anyway, we can safely 
rc the peak in the Orionid r-profile is real. 

e 

were calculated with limiting magnitude better than 5.0 and a radiant 
elevation of at least 15' for the entire observing interval. The zenith correction factor was 
calculated as in [4], correcting for the geometrical conditions only, i.e., the zenith exponent y 
w2s set to 1. 

In the next ste tion coefficients (i.e., corrections Alm for the limiting magnitude) of 
the individual servers were calculated according to [4,5]. For this purpose the interval An = 
20600-214?0 was chosen as the activity and the number of ZHRs available permitted this. The 
sampling interval was lo, shifted by 0025 each step. Observations fidfilling the following criteria 
were taken into account: 

a) toea1 correction factor less than 3; 
b) radiant elevation greater than 25' for the center of the observing interval. 

nietbods and directions were permitted. Table 5 shows the result for the individual 
servers not m-entioned in this table did not observe in the chosen interval or their 

observations did not meet the criteria above. 

Table 5 -- Perception coefficients P and corrections Alm for the limiting magnitude derived from the 1990 
Orionid observations. 

Observer 

Arlt Rainer 
Belltit Luis 

Davis Mark 

Fabricius J a n  
Gliba George 
Glomski Daniel 
Gonzdez Victor 
Baas Robert 

aderer Gabi 
aniansky Stanislav 
awmnuro Norihito 

Egger Roland 

Kidges Mark 
Kn6fel Ar.drC 

Koschack Ralf 
Koschny Detlef 
Eansford Robert 
Maeda Kouji 
Miskotte Koen 
Oyama Y. 

Obs. 

24 
10 
11 

4 
7 
4 
4 
4 
4 

12  
11 
4 
4 
4 

16 
8 

24 
4 

22 
4 

20 
8 

- 
P 

1.05 
0.46 
1 .00 
0.53 
1.85 
1.37 
1.42 
1.74 
0.23 
1.21 
0.63 
2.45 
0.65 
0.66 
0.28 
0.75 
0.96 
1.15 
0.72 
2.80 
0.90 
3.50 

- 
A h  

0.00 * 0.28 
-0.90 1 0 . 4 6  
-0.03 f 0.24 
-0.70 f 0.25 
$0.60 rt 0.49 
$0.36 zk 0.02 
$0.42 f 0.10 
$0.56 & 0.08 

$0.18 i 0.24 

$1.04 & 0.02 

-1.70 & 0.00 

-0.57 f 0.29 

-0.43 f 0.18 
-0.50 & 0.26 
-1.34 * 0.14 
-0.39 f 0.42 
-0.06 I 0.20 
$0.15 f 0.04 

$0.99 f 0.17 
-0.16 f 0.30 
$1.22 f 0.22 

-0.42 & 0.43 

Observer 1 Obs. 

Rajala Leo 8 
Rattei Thomas 3 
Rendtel h a  24  
Rendtel Jiirgen 20 
Reyes Andres Francisco 7 
Richardson James 4 
Richter Janko 3 
Rispens Bauke 8 
Rodriguez Pablo 4 
Roggemans Paul 24 
Salazar Doming0 4 
Scharff Patric 4 
Shiba Yasuo 4 
S kvarka Jura j  4 
Spotter Detlef 1 9  
Stapf Siegfried 3 
Taibi Richard 12 
Takeuti K.  4 
Toriyama Y. 4 
Winkler Roland 
Xingming Zhou 
Zimnikoval Peter 

P 

3.12 
1.31 
1.10 
1.37 
0.46 
0.87 
0.91 
1 .31  
0.51 
0.99 
0.19 
0.36 
0.35 
1.52 
1.69 
1.13 
0.58 
1.80 
2.95 
0.52 
1 .56  
0.53 

Alm 

$1.28 f 0.22 
$0.30 rt 0.19 
$0.06 & 0.30 
$0.34 & 0.08 
-0.87 f 0.42 
-0.15 f 0.08 
-0.12 f 0.19 
$0.27 f 0.08 
-0.79 f 0.26 
-0.06 rt 0.28 
-1.90 f 0.25 
-1.20 i 0.00 
-1.06 f 0.18 
$0.49 f 0.02 
$0.54 f 0.41 
$0.14 I 0.03 

+0.57 f 0.18 
$1.17 f 0.06 

+0.47 f 0.39 

-0.64 I 0.34 

-0.77 f 0.02 

-0.74 f 0.02 
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Table 6 - Intervals for the computation o the fine 

119 

ZHR profile and criteria set 

2040 5-2040 65 

200 204 208 212 216 
202 206 210 2 1 4  

sdor IJxgitude (2000.0) 

Figure 2 - ZHR profile of the 1990 Orionids 
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%zr hxgib.de (2000.0) 

Figure 3 - Profile of the spatial number density p6.5 of particles causing meteors of 
absolute magnitude at least $6.5 (corresponding t o  a mass of a t  least 
3.07 x g). On the vertical axis, numbers of particles per lo9  km3 are 
shown. 
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Then, all ZHRs were perception-correct,ed with: 

The value of Alm for observers not listed in Table 5 was set to zero. Finally, the ZHR profile 
was calculated according to [ 5 ] .  The intervals chosen are listed in Table 6. For each period are 
given: the width of the sampling interval and the shift at each step and: the minimum radiant 
elevation hmin; the maximal total correction factor Cma,; the maximal radiant distance of the 
observing field Dma,; and the observing methods allowed. 

The intervals were chosen taking into account the available ZHR values. In the begin of the 
activity the criteria were set like for observations of minor showers as at this activity level the 
Orionids have to be treated as such. 

20 

18 -c 

I I  T 

16 

14 

12 

10 

a 

I I I I I I I 

206 208 210 212 214 
207 209 21 1 213 

sohr Lcngihxfe (2000.0) 

Figure 4 - Detail of Figure 2, around maximum 

70 1 1 

I I I I 1 I I I 
206 208 210 2 1 2  214 

207 209 21 1 213 
sdor LongitLKk (2000.0) 

Figure 5 - Detail of Figure 4, around maximum 
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The result can be seen in Table 7 and in Figures 2 and 4 (Figure 4 is a detail of Figure 2 around 
the maximum.) The error bars correspond to the 68% confidence interval u / f i  with n the 
number of observations. 

A first maximum occurs at A0 = 207035 (Oct 20.88) with a ZHR of 15.6 f 0.8 followed by a 
R of approximately 13 from A 0  = 20800 to A 0  = 20900 (Oct 21.5-22.5). The 

second maximum occurs at A 0  = 20907 (Oct 23.25) with a ZHR of 16.0 f 1.9. Before the ZHR 
decreases rapidly, there is a plateau with a ZMR of approximately 10 at A 0  = 21005-21305. 

The shape of the first peak and the following period of lower activity is quite reliable as it is 
based on many observations while the number of observations the second peak is based on is 
only about a quarter of that [ 6 ] .  The lower number of observations available was the reason for 
extending the sampling interval to 2. The existence of the second peak has been confirmed by 
past observations, as will be discussed later. 

ber densities 

First, we consider the spatial number density p6.5 of particles causing meteors of absolute mag- 
nitude at  least $6.5. The calculation was carried out according to [2]. 

For the calibration the standard observers ARLRA, KQSRA, RENIN, RENJU and ROGPA were used. 
KNOAN is also a standard observer but his Alm differs considerably from those of the other 
standard observers. Therefore, a test for rejection of outliers was applied. It turned out that 
the factor of KNQAN has to be considered as an outlier and thus was not taken into account 
for the calibration purpose. The average correction of the standard observers is AZrnavg = 
$0.056 i 0.073. 

The profile of the spatial number density p 6 . 5  is shown in Table 7 and in Figures 3 and 5 
(Figure 5 is a detail of Figure 3 around maximum). In this profile, the first maximum occurring 
at A 0  = 207035 is dominant. It coincides with the striking peak in the population index profile, 
meaning that the increase is mainly due to smaller particles. Since for fainter meteors a larger 
part is missed by the human eye, the real peak of the p 6 . 5  profile is not displayed by the ZHR 
curve in an adequate way. The second maximum of the ZHR profile is also present in the p6.5 

If the initial relation between the particle mass M ,  the geocentric velocity V,, and the rneteor 
magnitude rn is known, it is possible to compute number density profiles for particles of different 
masses. In [2], the following relation, given in [7], was used: 

ut not as striking as the first one. 

m = 40 - 2.51og (2.732 x l o l o .  . V:”) 

in grams and V, in km/s. Using this relation the spatial number density p ( M  2 Mo) 
of particles having masses greater than a certain limit Mo results from p 6 . 5  by: 

rionids (V, = 66 km/s), magnitude +6.5 corresponds to a particle mass M of 3.07 x 
g. To investigate the shape of the number density profile for different mass ranges, p(M 2 

Mo) was computed for Mo = 0.1 mg (corresponding to magnitude m = $5.3)) Mo = 1 mg 
(m = $3.01, Mo = 5 mg (rn = +1.4), and Mo = 20 mg (rn = 0.0). It is not useful to continue 
the computations for higher masses as the computation is based on a constant r-value for the 
magnitude range covered. In this analysis, r was usually computed in the magnitude interval 
[-I; 151. 
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8 

6 

206 208 210 212 214 
207 209 2 1  1 2 1 3  

Figure 6 - Profile of the spatial number density p(M 2 0.1 mg) of particles having 

sdor Longitude (2000.0)  

masses of a t  least 0.1 mg (corresponding to magnitude m = $5.3) .  

206 208 210 212 2 1 4  
207 209 21 1 2 1 3  

Figure 7 - Profile of the spatial number density p(M 2 1 mg) of particles having 
sda Lcrrgitude (2000.0) 

masses of a t  least 1 mg (corresponding to magnitude m = $3.0) .  

The resulting profiles are shown in Figures 6 to 9. 

It is quite obvious that for the smallest particles, the maximum is reached at A 0  = 207035 
(corresponding to the first peak in the ZHR profile) while for the larger particles, it is reached 
at A 0  = 20907 (second peak in the ZHR profile). The first peak in the ZHR profile is caused 
only by small particles, which is indicated by the striking peak in the population index profile 
at this time. For the brightest meteors ( M o  = 5 mg and Mo = 20 mg), the first peak is almost 
non existent, while in telescopic or radio observations, the second one should not be found. 



W G N ,  the Journal of the IMO 19:4 (1 991) 

0 ,  40 

0 ,  35 

123 

-+-+-- ++  
0 ,  30  

0 .  25 

0 ,  20  

+ -  

+ + +  
+ 7, + .  + 

++ + ,  + +  

0 , 1 5 '  

0 .  10 

0 ,  0 5  

0 ,  00  

206 208 210 212 214 
207 209 21 1 213 

sob- LDngitude (2000.0)  

Figure 8 - Profile of the spatial number density p ( M  2 5 mg) of particles having 
masses of a t  least 5 mg (corresponding to magnitude m = $1.4). 
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Figure 9 - Profile of the spatial number density p ( M  2 20 mg) of particles having 
masses of a t  least 20 mg (corresponding to magnitude m = 0.0). 

Of course, the absolute values for p(M 2 Mo) depend strongly on the relationship between rn, 
M and V,, but the shape of the profiles does not: the shape depends on both the ZHR and the 
population index profile. To point it out once again: magnitude distributions as basis for the 
computation of the r-value are at least as important as the ZHR data. The ZHR profile alone 
does not tell very much; the r profile is the key for investigations like those reported here. 
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Table 7 - Numeric values for T ,  ZHR, p6.5 and p~ = p ( M  > g) for the 1990 Orionids. 

Qct 14.07 
Qct 14.57 
Qct 15.08 
Oct 15.58 
Oct  16.09 
Oct 18.02 
Oct 19.88 
Qct 20.13 
Qct 20.38 
Oct 20.63 
Oct 20.88 
Oct 21.13 
Qct 21.39 
Qct 21.63 
Oct 21.88. 
Oct 22.14 
Qcl 22.38 
Qct 22.64 
Qct 22.89 
Oct 23.14 
Qct 23.39 
Oct 23.89 
Qct 24.39 
Qct 24.99 
Oct 25.40 
Qct 25.90 
Qct 26.40 
Qct 26.90 
Oct 28.41 

A, (2000.0) 

2000 60 
2010 10 
201060 
2020 10 
202: 60 
204051 
206036 
2060 61 
206a86 
2070 11 
2070 36 
207061 
207086 
2080 11 
208036 
2080 61 
2080 86 
2090 11 
2090 36 
2090 61 
209086 
210036 
210086 
211036 
211086 
212036 
212086 
213036 
214086 

r 

2.45 0.43 
2.45 i 0.43 
2.45 i 0.43 
2.45 i 0.44 
2.45 i 0.44 
2.45 i 0.44 
2.43 zk 0.02 
2.43 i 0.02 
2.49 k 0.03 
2.72 i 0.09 
2.84 5 0.13 
2.81 i 0.13 
2.81 i 0.13 
2.56 k 0.13 
2.41 It 0.14 
2.37 & 0.14 
2.37 i 0.14 
2.40 k 0.16 
2.43 =k 0.18 
2.44 f 0.19 
2.44 zk 0.19 
2.40 i 0.21 
2.31 i 0.26 
2.31 f 0.26 
2.37 4 0.19 
2.37 f Q.19 
2.37 i 0.19 
2.37 f 0.19 
2.37 i 0.19 

Obs 

3 
8 

11 
7 
1 
6 

18 
18 
24 
26 
24 
29 
24 
33 
31 
29 
28 
18 
15 
12 
12 
19 
7 
7 

11 
10 
11 
12 
1 

- 
Met 

12 
48 
61 
28 

3 
100 
128 
128 
208 
347 
505 
560 
502 
572 
508 
508 
486 
356 
228 
173 
173 
233 

60 
60 

175 
155 
180 
184 

4 

ZMR 

2.2 i 0.7 
4.1 rf 0.9 
5.1 i 0.5 
4.4 i 0.8 
4.1 

11.5 i 1.6 
7.8 1 0 . 6  
7.8 i 0.6 

12.7 i 1.0 
15.6 3 0.8 
14.7 i 0.9 
14.3 k 1.0 
12.9 i 0.7 
12.6 i 0.7 
13.1 Q 0.8 
12.7 AZ 0.8 
14.9 i 1.3 
15.3 i 1.6 
16.0 i 1.9 
16.0 i 1.9 
14.1 Ik 1.6 
10.5 1 1 . 4  
10.5 i 1.4 
9.5 4 0.7 
9.1 $: 0.6 
9.9 i 0.8 
9.5 i 0.8 
3.6 

P6.5 

4.5 i 3.1 
8.3 i 5.5 

10.4 i 6.7 
9.0 i 6.3 
8.3 i 6,3 

23.4 f 14.6 
15.4-+ 2.4 
15.4 A 2.4 
22.7 f 3.4 
37.2 f 7.2 
52.7 f 10.8 
48.0 i 10.0 
4 . 7 f  9.9 
30.7 Zt 7.0 
24.1 i 6.2 
23.5 i 6.2 
22.8 & 6.9 
28.1 i 8.2 
30.2 i 10.0 
32.1 i 11.6 
32.1 i 11.6 
26.6 i 18.7 
17.1 i 9.1 
17.1 i 9.1 
17.1 i 5.5 
16.4 i 5.2 
17.8 i 5.8 
17.1 i 5.6 
6.5 i 2.1 

PM 

0.2 
0.4 
0.5 
0.4 
0.4 
1.0 
0.7 
0.7 
0.9 
1.1 
1.4 
1.3 
1 .3 
1.2 
1.1 
1.2 
1.1 
a .3 
1.4 
71.4 
1.4 
1.3 
0.9 
0.9 
0.8 
0.8 
0.9 
0.8 
0.3 

__I___ 

A literature searc 
ences dealing wit 
order to compare our findings with previous results. Unfortunately, many past publications were 
of no use as the essential data were left out. This was particularly the case for most amateur 
publications, describing meteor observations rather as a social story, avoiding numeric tables and 
exact numbers. This reduces the amount of useful past reports to a very small number indeed. 
At the beginning of the twentieth century, there was even still much doubt as to whether or not 
the Orionids were associated with comet P/Halley and the 7-Aquarids at the other node. In 
our opinion, it is almost impossible to get a reliable picture on the long-term behavior of the 
Orionids from amateur work. 
While complete observing series covering Orionid activity in the past are missing, some individual 
reports are very remarkable. For instance, R.M. Dole, probably the most active American meteor 
observer ever, mentions 50 eta, an Italian 
observer, reported 50 Orion rionid activity 
in 1936 was also observed by M. Kahn in India [lo].  It is a pity that the few ated observers 
worked in an almost unorganized way in the past. 
Searching for comparable analysis to the 1990 study by the 0,  we came across only two 
papers dealing with visual work. 

eteor Database resulted in over one 
. These publications were read and 

October 21, 1922 181. Eppe 
tober 22, 1936 [9]. The stro 



e first paper was produced by Stohl and Porubcan on Slovak observations from the period 
1945 to 1950 [In]. Their data  contain 956 Orionids and 1830 sporadics seen in 305.6 hours of 

ing together data from several years in order to complete the activity profile 
has serious drawbacks because of the strong variations every year. However, 

nd Porubcan is the only one on visual data  telling us something about the 
0th authors conclude that r varies from 2.9 at A 0  = 206'-207' to 3.2-3.3 at  

s suggests that  the inner edge of the stream would be richer in faint particles, 

rionids thus far, was conducted by George 
tronomical Association. From 
onids, altogether 555 hours of 

75 meteors. It was the first study of visual data based on a single year. 
o magnitude distributions could be studied as a consequence of which the r- 

be constant, r = 2.25. Furthermore, the quality selection was less strong 
y. E.g., the minimum radiant elevation was set, at 10'. Spalding found a 

of high activity between A0 = 206' and A0 = 210°, with at the center (A, = 208') 

Some scientists [13] tried to compare professional radar results to individual amateur visual 
owever, this is not very meaningful taking into account the statistical fluctuations 
uenees that determine individual results. Global analyses are essential in order 

t this point, it becomes clear that  the observational evidence for the composition of the Halley 
reams is far Less impressive than what could have been assumed. Most of our current knowledge 

is based on ra ar observations, which have some limitations. For instance, the Orionid activity 
is somewhat c haminated by the E -  eminids [14]. Radar is not able to distinguish between the 
two streams. Also, it does not allow to resolve short-lived changes in either the activity level 
or the population index. ifferent radar data sets for the same year often yield non-compatible 
activity profiles 1143. lobal activity profiles from visual observers have more weight statistically 

construct a much more detailed picture of a stream's cross-section. 
is the only researcher who made a long term study, including relevant radar data 

several sub-maxima each year, the particle distributlcn in each cross section 
antly, however [ 131 ~ ajduk used rather non-homogeneous sets of visual data 

reliable radar obser tions, but his study nevertheless illustrates very clearly 
that density variations do not only occur along the stream, but also across the stream. The 
sub-ulnaxima seem to shift in solar longitude year after year, The density variations can reach an 

of I : 4 in certain years. Radar monitoring indicated that the Orionid stream contains 
cles, producing faint meteors. Only the central belt contains a higher number 

It is interesting to compare the positions at which different researchers situated the main belt 

does not agree with the results from the 1990 analysis. 
e best visual study of the 

Spalding [IZ], director of the Meteor Section of the British 
around the world, he collected all usable data on the 1985 
observation an 
Unfortainately, 
value was assumed 
than in this 1990 s t  

no statistical evidence. There was also some indication of a peak at A 0  = 203'. 

to obtain reliable results from amateur observations. 

an the secondary maxima: 
11x1 a t  A 0  = 20807 and A 0  = 21007, but generally very low rates, in 1938 [16]; 

ajn maximum at A, = 20805 and secondary maximum at A0 = 21005, from observations 

amima at A 0  = 20207, A, = 20607, and A 0  = 21102, in 1974 [3]; 
to 1950 [11,17]; 

increase between A, = 20807 and A0 = 20907, secondary maxima at  A 0  = 20707 
and A 0  = 21002 with more large particles at  21007, in 1975 [18]; 

= 20800 and A 0  = 20807, in 1978 and 1999 [19]; 
405, A 0  = 20906, and X0 = 21204, in 1981 [14]; 

ain maximum at  A, = 20802, but the activity profile is defined by only one valiie every 
hours, in 1981 pol ;  
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axima at A@ = 20500, A@ = 20801, A0 = 2090 

axirnurn at A@ = 21400, but poor overall activity, in 1983 [14]; 
ain maximum at A, = 209O, in 1984 [13]; 

and Aa = 21105, with generally above 
average activity, in 1982 1141; 

Maxima at A, = 20606, A 0  = 208?5, A 0  = 21004, and A 0  = 214?5, in 1984 [14]: 
Three maxima at  A 0  = 20307, A, = 20807, and A 0  = 21207’7, in 1985 6211. 
Maxima at A 0  = 20305, A @  = 20405, A 0  = 208’15, A 0  = 20906, and A 0  = 

~ 4 1 -  
From the positions of the main maxima in success e years, Cevolani and 
the maxima shift by AX0 = 006 per year. Also ughes [a21 found cert 
that show a regular progression in the movement of the position of maximum activity. 
The overall picture of the rionid Meteor Stream may 
profiles differing in all aspe s from one year to another. 
explains the o facts very well. We sketched the ima 
in Figure 10. re is not on scale in order to bring to 
picture. 

The orbit of P 

conclude that 
ences of years 

exist in orbits their parent comet was in many r 
arounds its semi-major axis over an angle of 25’. 

extending over an angle of 2 5 O ,  5een from 
of revolutions, creating a ribbon-shaped belt eteoroid parhicks 

major axis. The 

also the direction of the semi-major axis slowly changes, the positions of the orbits of 
alley in a new libration cycle will not coincide with the corresponding positions in a pre- 

ost parallel to each 
in Figure 10 shows 

ng to Bajduk’s theory. The width of this cross 
be some 0.844 AU, whereas ts height (measured 

@me belts are older 

t this point, the multiple maxima and the variations in population index can already be ex- 
plained. The lack of a regular pattern and the strong variations year aftel year howevpr need a 
more refined explanation. 
Looking at the inset C in Figure 10, we see that in successive years, di rent sub-maxima 
OCCW, although some appear in o y slightly shifted positions in solax longitude. Looking at 
tile longitudinal structure of the alley meteor stream (shown in F 68, detail C ) ,  the 
sub-maxima are caused by the passage of the Earth through filament the stream orbit. 
However, the orientation of these filaments varies as is shown in here the filaments 
are visualized as the black nerve-like patterns. The contrast is much exaggerated; the particle 
densities within and in between the filaments have a ratio of o y 1 : 2 or even less. 
high activity in some years may simply be attributed to two laments meeting or 
other [Is]. 

alley were determined by Kozai [23]. 

vious cycle. In this way, successive ribbon-like dust walls are built ups 

the cross section of the whole stream acco 
easured in the ecliptic plane) wo 

endicular to the orbital plane of the comet. Intersection 

iptic plane) mould be about ten times larger. 
efore contain fewer small particles. 

nning of a condensation zone or 
s suggests that the filamentary st 

temporary ejections of particles from the cornet. producing a R ~ V  

gradually dissolves in the stream [24]. The observed large numb 
b e g ~ n n ~ n ~  s f  a new lament then agrees with 
velocities for the sm ler particles that leave th 
measured and within the observational errors confirmed by the 

rovided a d d i t ~ o n a ~  explanation from the dust emission 
small area of the surface of the comet nucleus is active. 

ent shows an incre 
re can be explaine 

hipple’s and Levin’s concept of larger initial 
met [ 2 5 ] .  The filamentary structure was also 

SA space probe Giotto (23,261, 
ocess and the fact that only a 
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Figure 10 -Sketch illustrating the structure of the Orionids and q-Aquarids, the comet P/IIalley 
meteor s t r e a m .  The  various features of this sketch are explained in the text. The 
population-index and activity profiles taken at  some intersections of the longitudinal 
projection C illustrate very well how much we can learn about the streams’ structure 
from regular annual observing campaigns. 
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s shown that random variations occur in the orbital elements of the comet, a 
for the non-stable mass concentrations in the stream, She 

diant structure. There shoilld be a relati ely h~mog-~otns  
axima, there s ould be t ~ o  sub- 

e found that the 
radiant areas. 

radiant area are only mentione 
o m  A, = 20%' to  A 0  = 214'. more details for 

racteristics are concerned. An excellent overview of historical da 
ons is given by Kronk [28]. It would be interesting to see recent a 

t o  resolve the Orionid radiant structure in iecent times. 
n Orionid aczivity aro 

eir telescopic observat fo'ound evidence 
s at  X0 = 202' I 2 O .  in the b d t  with 

g less than 10-2 g. Unfortunately, this period was not very well 
, observations indica d no increased activity near the parent comet. 

To make things even iv~r se ,  the activity at  the d erent siub-maxima during entire shower activity 
w7as lower than in previous years nd small particles were d ent [a- i ] .  With the 

than in 1985-1986 

ajdukova et al. [30/ conc%uded that the 
tance between f e present orbit of the comet nd the Earth's orbit is too large to 

partides rekaseci from the uucleus in 1955-1986 coiild not have encouniered the Earth yet and 
will not do so d u s i ~ g  the next few revoltations of the comet. 

eteor Strei%m'? If 
5j31 n1lat;Qans le 

1231, the present jibs 

nras!: Index s = 2.2, L e ratio of faint meteors was much higher in 1980-19 
which gave s = 1.85 [3S]. 
These observations however do agree with the theory. 

ejecta in the 1- ual range. A simulation by ab;tdzhano-tp et al .  1311 proved that 

lbst few lines lead to a pertinent question: 
bow rmny cometary revolutio 
belts which consist of super-irn 

necessary to build up the compZ 
ains of filaments, and if we know t 

rriensions of rhis wmplex, a rough estimate of the 
21 estimate the age of tile stream to be between 2 

Raliey. Niirner~caliy integrating orbital 
ned +.be s.",ructuse described above and 

Leing 33 OiIQ year.;. This age was determined from the ratio of the  stream'^ mass to the mass of the 
tion of 500 test particles over seteral rc.IEIcnPiia 
wed that gravltatlo ertiirbaiions, mainly 

articles released 

s l k y  to  Jupiter, 228 revoliitiorls 

le amount of fine strucdurc.:: in 
structure and must be cons 
a close approach of 
r than that 1331. 

a t  obtaining more reliable 
nalyses of the shape of nu 

les to confirm the results of this 
ensity profiles for other major 

problem is the determination of a relia e T profile with an 
, the resolution of 1 day is still useful t for example for 

minids range somewhere 
can become prohlematic 

' 

matter of a few h rs. Perseids an 
to use data of di rent years but 

he particle distribution along the which, for exa 

istributions around the servers should report 
'ntervals of about 2 t 
an for the entire nig 

e distribution for this interval includes about 50 to 100 shower 
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than what it 
will enable us 

to follow this stream year after year in great detail to solve a!l the mysteries that are currently 
around and I s  r e s d  irnpredictable surprises tipat are ~ ~ ~ ~ ~ ~ t ~ ~ ~ y  still! hidden in lche stream! 
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A comput,er emulation is presented for the -cl.ajectory Qf the Earth-grazing fireball observed over Czechoslovakia 
and Poland on October 13, 1990 

__ - _________- - - _ _ _ _ _ _ _ _ ~ _ _ _ _  

specially suited to e simulation of g meteors has been listed 
Eescope [I]. The program 
an Earth-grazing meteor 
included is the bending 

an be significant for long-duration 
s been used to simulate the Earth- 

72 [I]. The purpose of 
t~ simulate the Earth-grazing fireball 
er 13, 1990 [2]? and also recorded as a 

ecessary to edit several program 
osition of' the body. The 

o d d  be modified 

velocity of 41.5 km/s, is derived 
ablation parameter (SG), for an 

sity chosen below, equivalent to 3.7 grams 
inary chondrite [ S ] .  In order to begin the 
he path, the initial height (H) is chosen 
nith angle is then adjusted to produce 
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trajectory with the correct perigee height. The rogram prints every tenth time step 

, the atmospheric deceleration, and 
he initial mass. The program also tabulates the ap- 
bserved from the point on the ground track which is 

the meteor is observed 
ewhat uncertain, since 
iency remains constant 
o account the effects of 

er 13, 1990, fireball is 

The output i nch  
the mass, express 

SITY ( K G P p I " 3 )  ? 3700 

5 
a 
1 
2 
25 
30 
36 

0 

50 

198 

128 I 3 

215.7 

SPEED 

49.6 
41.6 

? .6 

BECEL 

0 

0 
0 
0 
1 
0 

8 

0 
0 
0 

900 
I 0 0  
100 
100 

98.7 
.7 

VISUAL 
AG 
5 . 7  
3.9 
2.3 
0 . 7  

-1.5 
-3.9 
-5.7 
-6.3 

-1.2 
.1 
- 5  

4.1 
6.0 

e three italicize 
m e t e ~ r  moved over a ground tra 
tally, the apparent 

val of observations, during which the 
eteor near perigee, coinciden- 
arPy equal. The values for the 
(97.9 km), and the mass loss 

in good agreement with the 

wing Fireball", Sky 13 Telescope 81:6, June 1991, 

razing Fireball", WGN 19: l j  February 1991, 

pril 1991, pp. 29-30. 
A Diagnostic for the Structure of 

eteorites, A.H. 



s 

meteor data  gathered in the USSR during the period 1957-1975 were us 
ction of magnitude. The luminosity function thus obtained shows a 

to determine meteoroid 
stinctive bend between 

magnitudes -6 and -8. In general, our results agree well with those obtained in other studies. 

To obtain quantitative c aracteristics of the complex of meteor m a t e r  in the Solar System is a 
w e l ~ - ~ ~ n o ~ - n  problem that visual observations must decide. These characteris tics are meteoroid 

per second), spatial density 
by analyzing a lot of statis- 
ese kind of data are in the 

archives of the 

from 1951 to 19 

these observations 

e observations were realized according to the program ' 
ns, including the determination of th  

for the visual 

of bright meteors in fields zround the zenith of W,  1 
the coPZecting area during t e treatment- It is necessary to t 
was d&errnined as ;he dist 

ccount that the 
of the meteor. 

meteors of magnitude $3 to 
ameter about 60'-70' and 44 

132 bright meteors from -2 
y observations around the zenith 

In this seudy, oxi?y a 
-6 in the period 1959-1975 in t 

Hs between -5 and -15 in 
to -6 for observahions am 
to -7 were analyzed too, 
in a region with a 
patrols, e k . ,  were 
weaker fireballs co 

art of d4 data was use 

o many data in the range -4 

iameter of ?OO balls. obtained during radiant studies, 
research, except if they were brighter th 

iiiceei some uncertainty in the net time of observing. 

observing time (in percentage) 
~ ~~~~ 

I_.-- 

2 2 4  3 3 18 24 26 6 3 3 

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

stributed as shown in Table 1: 80% of it fell during the summer 
an meteor expe ions were organiz g the December 
ids); the remai er of the observi tributed evenly 

As a result of the treatment we must obtain the integral meteor ux F ( m ) ,  calculated according 
to the formufa: 

F ( m )  = (1) 
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with N ( m )  the total number of meteors of a given magnitude, T the net observing time, and S 
the surface of the collecting area (cross section). We used meteor numbers without perception 
coefficients, because the group of experienced observers recorded almost all meteors brighter 
than magnitude +3 [6 ] .  For the calculation of F ( m ) ,  however, we have introduced the special 
effective areas S e ~ ( m >  for every value of the magnitude, expressed by: 

(2) 
the radius of the observed zenith region, and X the angular length of meteors and 

fireballs for a given magnitudeg as estimated by Crimean observations (see also Table 2). For 
fireballs brighter than -10, SeE was determined graphically taking into account the Earth's 
curvature and the altitudes where the maximal brightness of meteors occurs [3]. 

Table 2 - The relationship between average meteor length and absolute magnitude. 

45' 43' 40' 35' 33" 30' 26' 23' 20" 16' 12' 10' 6" 

- 12 

- 4.3 

- 1'1 

- 16 

- 17 

-re 

-- 4 

6 

-@-- T 

C C J  6 4 - 
Figure 1 - (1) Luminosity function of the 1957-1975 observations in the zenith area with 60" 

diameter; ( 2 )  id., for the fireballs service (0 = 70") in 19'52-1975; (3) id., for the 
bright fireballs for the entire period 1957-1975; (4) id., for the 1976 Perseids; ( 5 )  id., 
for the 1980 Perseids; (6) Whipple general dependence for meteors between -15 and 
+3 if it is assumed that magnitude 0 meteors correspond to a mass of 1 gram; (7) 
dependence by McKinley. 
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Results are listed in Table 3 and illustrated in Figure 11. For ranges from +3 to  -6 and from 
-8 to -13 we got K = 2.95 and K = 1.82 respectively. Apparently, the break in the luminosity 
function is real, as it is confirmed by other methods of calculation. For comparison, values of 
F ( m )  for the 1980 Perseids are shown in Table 4. This agrees with results from Rendtel and 
Knijfel [7]. They calculated the value of IC as 2.6 to 2.9 for the magnitude range from -5 to $ 5  
and as 1.4 to 1.8 for the range from -10 to -20. 

Table 3 - Number of fireballs and bright meteors in the Crimea during 1957-1975. mz is 
the zenithal (absolute) magnitude, ni is the registered number of meteors, AT 
is the net observing time in hours, S is the observed area in lo3 km', 0 is the 
diameter of the observed area in degrees, R is the observed area in km, and N 
is the integral flux of meteors brighter than the given magnitude in s-lrn-'. 

Meth. Count 0 = 60' 
1957-1975 

Integral flux Count 0 = 70' 
1957-1 975 

Fireballs 0 = 70' 
1972-1 975 

- 

S 
__ 

S A T  

+3 
+2 
$1 

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

Tot 

12.1 
13.3 
13.7 
14.1 
14.9 
17.2 
18.1 
19.6 
20.6 

4394 
1794 
75 1 
272 

95 
40 
12 
5 
2 
1 

7320 

576 
576 
576 
576 
576 
576 
576 
5136 
604 
604 

17.7 
18.6 
28.1 
20.6 
21.6 
24.9 
26.6 
28.3 
31.4 
31.4 

-14.45 
-14.95 -14.93 
-15.45 -15.42 
-15.95 -15.81 
-16.43 -16.23 
-17.13 -16.66 

-17.17 

Table 3 - continued. 
P 

Meth. 
_l_l_ 

m, 

-05 
-06 
-87 
-08 
-09 
-1 
-11 
- 12 
-13 
-14 
- 15 

Tot 

All-sky = 180' (1957-1975) Integral flux 
__ 

8 

1400 
140' 
150' 
150° 
160° 
160' 
1'90' 
1700 
1750 
175' 
175' 

___ 

____ 
s 

101.7 
101.7 
166.1 
166.1 
301.8 
301.8 
693.6 
693.6 

1141 
1141 
1141 

__ 

AT 

1358 
1358 
2351 
2351 
2351 
2351 
2351 
2351 
39 14 
3914 
3914 

- 
log A'., 71 4 

21 
7 
5 
2 
2 
1 
2 
1 
1 
1 
1 

44 

I 

- 

- 
180 
180 
230 
230 
319 
310 
470 
470 
600 
680 
600 

-16.20 
-16.69 
-17.21 
- 17.53 
- 17.78 
-18.02 
-18.21 
-18.48 
-18.73 
-18.91 
-19.21 

Table 4 - The relationship between mz and log N for the 1980 Perseids. 
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tigaticn had earlier been an Meteor Society and was summa- 
vier 181. It contains 71 4 alls from -10 to $6. The meteor 
d 10287 in the periods from 1933 to 1941 and from 1947 to 1956 respectively 
y P. Millman for magnitudes from -6 to $6 [9j. Prentice sorted out about 1028 

meteors from -2 to $5, which had ritish observations, 
absolute magnitudes could be deriv 

An attempt of determining the lurnino y function using various types of instruments was made 
in Czechoslovakia and repeated in the r h e a  from 1966 to 1967 [II]. 

ur ~ u ~ n o s ~ t y  function is Like ipple’s [12] general dependence through the whole range of 
magnitndes, but as we observed, number of bright meteors and fireballs was higher. Perhaps, 
this Is connected with the predominance of observation periods with increased meteor activity. 
The mutual proximity of Suminosi nctions in Figure 1 shows the reliability of our method. 
The American termined the lugninosity function within the range from 
-16 to -“37 wri 
must caution us not to  make premature conclusions and to carry out further observations. 

observations in usharihe for the 

owever, the small samples for bright fireballs 

abadzhanov et al. [13,14] have obtaine the mass distribution from photographic and radio 

and for the sporadic meteors: 

) = -13.7 - 1.1 PogM 

the mass of met 
ersefds, and [AT( 

he number of meteors per square meter and per second 
.2n for the sporadics. In Table 3, we obtained for the 

Perseids: 
1 = -14.7 - 0.981og 

Valxes of constants are different because of various methods of o servations, errors in the de- 
the time and collecting areas, and the inaccuracy of determining the meteor’s 
the meteoroid’s mass. 

1141 obtained M ( I  2 >  = 4.47 x got ~ ( 1 0 ~ )  = mzs-’ while the aut ors in 
8.3 x lo-’ m2s-I- From Table 3 ,  we obtained N(102)  = 1.6’7 x 

Ac 
The authors wish to thank I.T. Zotkin a d A.I. Grishchenyuk very much for their cooperation 
in the discussion of the results and their elp in the preparation of this article. 
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The  author observed a bended meteor track on May 12 ,  1991, at, 22h54m56s UT.  

-* 

. .  

Figure 1 - The bended meteor track. 

I observed a very unusual meteor track in the night of May 
12-13, 1991, a t  22h54m56s UT. The meteor had a magni- 
tude of $2.5, was rather fast, blue, and without train. The  
track was clearly bended, as shown in Figure 1. The  ob- 
servation is reliable because I was looking directly at Ursa 
Minor when the phenomenon occurred. The  meteor might 
have been a sporadic or could also have belonged to the 
Virginid complex. It produced a short, well-defined radio 
signal, registered with my pen recorder. I observed during 1 
hour and 51 minutes tha t  night, under a sky with a limiting 
magnitude of $6.0. 

I would like t o  receive a good explanation why a meteor can 
change its direction as dramatically as the one I saw. Can 
this perhaps be due to a spinning effect, or could conditions 
in the upper atmosphere be  responsible? 

A meteor entering the atmosphere under a very low angle can bounce back o n  a layer of thicker 
air, more or less in the same way as a stone can be  thrown to  bounce back on a water surface. 
(Ed.) 
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Impact 

An account is given of the impact of a v e i n e d  meteorite iii China that occurred on August 15, 1989, at 12h53m 
UT.  

A stone meteorite of about $00 g Lit the soof of il house a t  
N, near the town of Sixiarrgkou 1% China, on A u p s t  i 5*  198 
Beijing Summer Time). 

The meteorite fragmented into t l i rce 
ure 1). All the material was recovered f ~ o m  the roof ot t h e  ?., 
day of the impact. Investrgatioris are being carrkd out  a~ t h e  
the present author. 

Several hundred tbota 1': Pr0s~lrilc.e sari- t eball that dropped 
the meteorite. It was bsi asd lasted for ab 5 seconds. A sonic 
boom was heard by a 1:ndreri tl-oc;sacd pci7;ons. scar*le of t e eyewitnesses reported 
fragmentation: the large plit lilt0 one srr,aller fireball and fou 

Preliminary calculations arried orrt hy t he  author indicate tLat t he  meteor traveled from the 
NNW to  the SSE Q V ~ P  a is tance of J ~ C A L  150 k x  

and X = 32'25!9 
(which is 21h53m 

i c ~ c s ,  tkic isrsgest of which weighs about 300 g (see Fig- 
se and a vegetable field on the 

ther meteors. 

Figure 1 - The  largest o f  three fragments o f  the metearile that fell on a house at = 
llY052!3 E and X = 32'225'9 3, near  the town of Sbriangkou, China, on August 
15, 1989, at 1 2 ~ 5  CT, on scale 2 : l .  'This fragment weighs about 300 grams. 
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Telescopic Observations of Geminid Persistent Trains 
Mark Vints 

On the night of the 1990 Geminid maximum, four meteors observed with a 10 x 50 binocular displayed persistent 
trains lasting from 25 to 120 seconds. An account is given of some theoretical and observational aspects of 
persistent meteor trains. 

~~ ~ _ _ _ _ _ _ _ _ _ _  

1. Observations 

December 13-14, 1990, in Lardiers, France: cold, windy and perfectly clear. The Geminid 
maximum display has been going on for hours, and telescopic observations are going fine. The 
10 x 50 binoculars (602 field diameter) are aimed at p Geminorum. At 3h01m UT a magnitude 
$1.5 Geminid flashes through the field of view. A "telescopic fireball" like this is rather rare, and 
"makes" the night. Most stunningly however: a delicate persistent train, slowly being distorted 
in the upper atmosphere winds, and fading until it has gone after 30 seconds ( s e e  Figure 1, top). 

0 10 z e  30 

'4 

Figure 1 - Persistent trains of telescopic meteors on December 13-14, 1990, at 3h01m U T  (top) 
and 4h35m UT (bottom). 
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Some 22 meteors later, at 4h35m UT, a magnitude $1.0 Geminid crossed the field in Auriga. 
A bright persistent train remains, being distorted more strongly than the previous one (see 
Figure 2, bottom) and lasting up to 50 seconds. These two events really gave me a taste for 
train-hunting, so after the observations had ended, I stayed outside looking for bright meteors. 

At 4h52m UT a -3 Geminid is visible low in the west. After running to the binoculars some 10 
meters distant, I easily spot the persistent train. At  first, it looks like an upside-down balloon, 
then it grows into a whale, and finally, it breaks into pieces. In total, it lasted about 2 minutes 
(Figure 2). Only 8 minutes later, a magnitude 0 Geminid passes almost overhead. The binoculars 
show a distorting and rapidly moving train for about 25 seconds (Figure 3). Besides their beauty, 
the four trains had one other thing in common: they were not visible to the naked eye. 

Figure 2 - Persisting train of a -3 Geminid on December 13-14 
a t  4h52m UT seen through binoculars. 

l 

t-- 
25 20 15 10 5 0 

, I 

Figure 3 - Persisting train of a magnitude 0 Geminid on December 
13-14 a t  5h00m U T  seen through binoculars. 
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re ersistent trains 

o h i o n s  between anet,eoric and atmospheric atoms and molecules result in excitation and ion- 
nation of these particles [I]. - ,  This gives rise to the ion-electron train which is detected in radio 
observations. It can sometimes be visible to the naked eye as a so-called persistent train for 
some seconds or even minutes. 

very meteor entering the atmosphere produces an ion-electron train, since even very 
eor masses can be observed by radio techniques. Yet we know from visual observations 

owers have different percentages of train-forming meteors [a]. For instance, the 
bout 40% trains, the Lyrids some 15%, and the Geminids only 5%. So the 

question arises as to what determines the visibility of these tra.ins. 

eports in the literature are unanimous on one fact: faster meteors produce more trains [1,3,4]. 
This is not. very stir rising since collisions at  higher speeds give rise to more excitation and 

For a. given meteor velocity, the other important parameter i s  train duration. Primarily, the 
on Increases wit increasing meteor brightness. This effect is most pronounced for 
ween mczgnitu.de - 3  to -8, a.nd less for either fainter or brighter meteors [4]. Other 

fa.ctors which influence train duration are the local time, geographical latitude and the solar 
activity 

n a Pmibslecular level, disintegration of the ion trail results from a number of processes which 
either destroy the ionization or spread it out over a larger volume [I]* It is believed that for 
durations below about 50 seconds, the main limiting factor is attachinent of the electrons to 
oxygen molecules in the air. For durations in excess of 50 Seconds: turbulent diffusion of the 
trail becomes the most important. 

The long durations of SQKE persistent trains offer a way of studying wind patterns at  meteor 
heights. Typici1.l t in drifts are predominantly horizontal at about 50 m/s [ 5 ] .  Different wind 
currents are spac at 5 to 10 km, and cause differential mot,ions of about 25 to 90 m/s. A 
complete study 0 tterns on a local or global scale requires meteor radar techniques 
161 to amass e~iough ports from different radar facilities show that the wind regime 
at meteor heights is sition of several components: (i) a prevailing wind which only 
changes on a time scale of months, (ii) planetary waves 0f a period longer than a day, (iii) 
regular mr~tioils from atmospheric solar heating, a diurnal axld a semi-diurnal tide, (iv) internal 
gravity waves; and (79) random turbulent motions, 

For interested o”rservers it is worthwhile to furt,hes study train phenomena for different meteor 
showers in different, years and also using optical aids. And it vr.ould be fun to derive wind pattern, 
even from a few plotted trains. 

ionization. And chec ing the three showers I quoted from [a] confirms this relationship. 

ces 

eoric Phenomena”, Geophysics and Astrophysics Mono- 

A Descriptive Catalog”, Enslow, 
miths. Contr, Astrophys. 3 1959 

“Long-enduring Meteor Trains. I. Statistical esults” , Bull. Astron. Instit. 

Visua? and Photographic Observations of Meteors and Noctilucent Clouds”, 

omparison and Interpretation of the Results of Simultaneous Wind 
in the Lower Thermosphere a t  Garchy (France) and Obminsk (USSR) by 
Techniquen, J.  Atmosph. Terr. Phys. 37,  1975, p. 1077. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i a  4, 1953, p. 147. 

esearch 64, 1959, p. 2122. 
PI 
PI 
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A project is presented for parallel observations of the 1991 Perseids from Qndfejov Observatory, both telescopi- 
cally and by means of a TV-camera. 

From August 8 
by means of a 
These observations constitute an extende 

The major goal of this project is monito 
rn of their parent c 

16, 1992 parallel observations of t 
-camera will he performed at t h  

or shower telescopically and 
ervatory in Czechoslovakia. 
rseid Project. 

erseids before and dur- 
I .  This project will be 

o 1990, we have obtained 

tivity of telescopic 

article. (Preliminary informa 
telescopic meteors around tb 

very important goal of these 
of the same meteors obt 

is to find out 
h techniq11es. 

of about ten telesco our TV-camera 
iant) every clear 

s of the TV-camera: field of view: 1407 x 1100, star limiting magnitude: 
ching the screen during observation, but it is very much 
rarneters of our telescopes: 10 x 80 binoculars, diameter 

-3-11. In ease of several clear nights, we of the field of view: ';", star limiting magnitude: A 

expect, to catch several tens of meteors by means of 

A few other groups of telescopic observers will also perform observations within the 1988-1992 
esject in Czechoslovakia, this year. VIP hope to o tain valuable data about the tele- 

scopic activity of the Perseids in 1991. 

ev 

The newly discovered Cornet Levy (1991 Q )  is a potential source of meteor activity. The orbital 
est that activity of any associate meteor shower can be expected 

9 and S = --620P (1950.0). 
e keep a special watch on 

and perhaps several days on either side of August 31. The separation of the orbit of 

g radiant would be at a 
rvess in the southern he 

75 AU. The calculated geocentric 
tion was communicated to Br. J. 

asegawa hopes to give this information to members of IAU 

eir experiences to the Editor-in-Chief who 
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r er 

The  existence is examined of large-scale structures in the Perseid stream. For this, meteor counts in subsequent 
short-length intervals from several stations were correlated. In addition, a jo int  cross-spectral analysis was per- 
formed using FFT techniques on the da ta  of August 12-13, 1986. The  results indicate tha t  large-scale structures 
were only evident in the  early ' ~ O S ,  which may have been caused by the parent bo  

~ 

Per 
1' 

Per 

I 

T I 

23h 

Figure 1 - Simultaneous meteor observation with 
a 4000 k m  basis demonstrate the  drift 
of  cloud^" (I, 111, V) and  "gaps" (Xi. 
IV, VI). T h e  observations refer t o  the 
period on August 12,  1951, between %2h 
and 23h UT. (After [a].) 

esides probably existing [I] small-scale complexes 
of meteor bodies one can also observe larger-scale 
structures that can be seen during 5-10 minutes. 

call them "meteor clo 
were discovered when ?roc 
servatioiis perfor 
the initiative of 
rnultanesusly at  the observatories of Dushanbe, 
Ashkhabad, Abasturnan and Odessa. 
Clouds can have different sizes: some of them pass 

arth9s atmosphere during 90 to 30 
ntain only a few meteor 

e a dianeter of about 1 
sites 1000 krn apart. 

clouds can be registered over the entire night hemi- 
gure 1 shows short-term activity profiles 
eids collected from three of the sites [2]. 

en from [3] as material €or 

2 from Sudak, Alma-At% and 

of the Caucasus) and 
the basis groups (ex- 
jests were calculated 

in subsequent five- 
minute intervals. Series for the eastern grou in -1980, and 
Alma-Ata and Sanglok in 1982) were shifted by 5 minutes In forward direction. The results are 
given in Table 1. 

Table 1 - Correlation coefficients for series of meteor numbers in subsequent five- 

anbe in 1951, Ashkhaba 

minute intervals. 

Date  

4951, Aug 1 
1951, Aug 10 
1980, Aug 11 

1980, Aug 11 
1980, Aug 11 
1980, B u g  11 

19819, Bug I €  

Period (UT)  

19h00m-20h00m 

18h00"L-19h30m 
1 8h00m-1 gh OOm 
1 gh 0Orn-2Oh OOm 

19h00"-20h00m 

20h00m-21h00m 
18h00"-19hOom 

Dushanbe-Ahasturn 



W G N ,  the Journal of the IMO 19:4 (1991) 143 

Figure 2 shows meteor number profiles averaged. over 10-minute intervals for the Ashkhabad 
and Novotroitsk groups on August 12-13, 1980. Figures below lines mark traversals through the 
Earth’s atmosphere of large clusters of meteoroids registered by both groups. 

0 

Figure 2 - Perseid number profiies averaged over 10-minute intervals for 
the Ashkhabad (crosses) and Novotroitsk (dots) groups on 
August 12-13, 1980. 

Table 2 - Correlation coefficients for different working intervals. 

Besides this, when the 1986 observations were pr 
intervals were analyzed. In Table 2, the  correlation 

erseid numbers for 2- to 5-minute 

(in the range 0.92-0.97; calculated for verification purposes). 

Data obtained on August 12-13, 1986 by the groups in Sudak and Zelenchuk were also processed 
using the Fast Fourzer ~ r ~ n s ~ o ~  artlett window [4]. FFT is a very powerful 
mathematical tool which neverthel reful search for an adequate physical model. 
Observing meteor showers from two sites, separated in latitude and/or longitude, we obtain two 
time realizations of the sarne stochastic process. Results of the joint cross-spectral analysis give 
us answers to  the following questions: 

1. Can we distinguish some oscillations with specified frequencies in those time series. What 

nowing periods found to be equal at both stations, can we 
are their periods? 

they equal one another? 
fine characteristic sizes of t 
w coherent are these oscillations in the a ta  from both Sudak and Zelenchuk? 

formations that caused such oscillations? 
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/ 

\ 

Figure 3 - Perseid number profiles averaged over 4-minute intervals on August 12-13, 1986 from Sudak (crosses) 
and Zelenchuk (dots). Please refer to  the text for further explanations. 

We briefly describe the method we used. We assume that the raw material is expressed as a 
function of time xc;(t), i = 1 , 2  (the number of the station). We then have an amplitude spectrum: 

where: 

is a co-spectrum describJLig a synchronous relation between processes 1 an1 2; and: 

is a quadrature spectrum for asynchronous variations. In these expressions, w (  k )  is proportionate 
to  the Bartlett lag window and: 

with c12(k) the cross covariancy of time realizations 1 and 2. The squared coherency is then 
given by: 

where C,,(f) and &(f)  are the autospectra of the processes 1 and 2: 

Cii ( f ) = c;i( k ) w (  k) cos 
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for i = 1 , 2 ,  with c;; the autocovariancies: 

(.;(t) -. :;I (.;(t 1- k) - :;> 
t=l 

Finally, the phase shift is given by: 

(7) 

The squared coherency K122( f )  and the phase shift Plz ( f )  were calculated for each harmonic. 

By using the coherency and the 
can compare the realizations 1 and 2. As data 
input, 10 time series of 32 minutes each were 
used. They consisted of 1-minute Perseid rates 
for a group of 6-7 observers. We used 290 Per- 
seids from Zelenchuk and 271 Perseids from Su- 
dak, registered between 2$’00rn and 2h30m UT, 
on August 12-13, 1986. The Nyqvist period is 
0.5 minutes, since th ength of the curnulation 
interval is 1 minute. ‘ w” series were tested for 
randomness by formula (9) with the t& criterion: 

t 
I 

I 
I 

-k (9) 

t- where n& is the number of increasesj’decreases in 

harmonics 1 the saw series, N the numbers of pQints, and I( 
the number of series. The 95%-confidence inter- 

I 

zm 

val corresponds to a value for t& of 1.96. The 
5. 4, (, & 10 12 14 I6 values found for tk varied between 1.50 and 1.92 

46 and hence did not exceed this limit. For the spec- 
tral evolution (Figure 4) confidence intervals of 

Figure 4 - Power spectrum obtained from 1986 Au- 95% and 80% Wgre chosen [ 5 ] .  
gust 12-13 observations (fifth array for 
both points). 95% and 80% confidence Table 3 lists significant errods for both groups. 
intervals are shown. Logaritmic Ordinates It should be noted that there ape almost no large- 
are used to  maintain constant sizes for scale formations; a 10-minute period occurs only the confidence intervals. 

s are about 2-3 minutes. This 
fact matches well with the conclusions of the correlation analysis. Some periods revealed at both 
stations are of particular interest (see Table 4). 

Q 

-1 

Table 3 - Significant periods (minutes) per group and per array. 

2.0;10.7 
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Table 4 - Analysis of the major periods displayed in Table 3 

The period of about 2 minutes exhibits itself both in the Su Zeienchuk power spectra in 
three arrays of data simultaneously wit eyice. Piigh values of coherency demonstrate 
close connections, especially in the thi = 355”, C12 = 17.21, where “clouds” were 
observed from both stations at the sa me. In the fourth a fth arrays, the connection 
is close too, but asynchronous (Fl2 $780, = -3.8; respectively). Obviously 
this is due to the isotropic distribution of the shower particles across the orbit whence the two 
stations saw the shower in the same way. In the third and fourth arrays the shower probably 
looked as in Figure 5 ,  and an additional time shift appeared. 

Figure 5 - The shower structure in the third and fourth ar- 
rays: ( I )  lines of equal density; (2) Iarge clouds, 
synchronous connection; (3) large clouds, asyn- 
chronous connection; (4) small clouds. 

With 80% confidence we get two more faint perio 
minutes for the fifth, but the very low coherency a 
again reveal a complex intrinsic shower structure. 

The results of the spectral analysi confirm our first co 
tions, large-scale clouds of meteor ust simultaneously 
found. The observed joint periods of 3.2, 
such as groups of meteors  bundle^'^). 
1951 and 1986 shows that the Perseids 
L ’ ~ l o u d ~ ”  of about 0.5 to 1 
of magnitude, where the s 
the changes in the shower’s structure during the parent body’s encounter can account for this. 

utes for the second array, and 5.3  
value of the quadrature spectrum 

lation conclusion: in the 1986 observa- 
servable at the distant points were not 

minutes rather indicate smaller formations, 
correlation in 1980 and 1982 in comparison with 
ed rlany large-scale formations in the early 80s: 

s” there were “gaps” of the same order 
aller than in the “clouds”. We suppose 
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Since IMO can collect data from all over the world, it seems quite easy to carry out similar 
investigations using Perseid counts during l-minute intervals on a basis Crimea-Bulgaria (or 
Hungary, Czechoslovakia, Yugoslavia)-Italy-Southern France, for instance. We would be very 
glad if IMO members could work on the Perseids in 1985, 1988, 1989, 1990 and 1991 (and also 
on the Geminids of 1982, 1983, 1985, 1987, 1989 and 1990) and communicate us their data. 

In addition, it should be noted that the author will gladly accept any questions, remarks, com- 
ments etc., since this is the first time spectral analysis is used in meteor work. 
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. Zateishchikov Meteor Station ( All-Union Astronomical-Geodetical Society) and the 
bservatory of the Young Technicians’ Station have started distributing the All- 

Union magazine Meteorny Vestnik (“Meteor Herald”). 

The  new magazine is published in ussian and also contains English abstracts for each item. 
esldes information from WGN an IMO, we publish various articles for the Soviet observers: 

meteor showers, catalogues and descriptions, methods of observations and data analysis. The 
Editorial Board is composed of V.V. Martynenko, V.M. Mozhzherin, A.S. Levina. The chief 
secretary is A.I. Grishchenyuk. 

In the first issue, one can find an article by G.O. Ryabova (Tomsk) on the basic principles 
of meteor shower modeling, Paul Roggemans’ outline of IMO, report on 1 3 4 0 ’ s  International 
Leonid Watch program, I.S. Astapovitch’s radiant catalogue for April-June (about 100 radiants), 
reviews of meteor articles from the “Astronomical Herald” (e.g., on fireballs over Crimea and 
Czechoslovakia, also reported in W G N ) ,  and Geminids’ observational results from Crimea. 

The second issue is expected to be devoted to the problems of observations and their processing. 

At  present, we have over 60 subscribers. We would appreciate if IMO members and amateur 
astronomers from Europe, America, Japan and Australia would participate in our magazine by 
submitting articles. If you can read Russian, you can send request to obtain the journal to 
V.V. Martynenko, whose address is mentioned in each WGN issue. We can also offer you an 
algorithm for gnomonic projection, which allows you to construct gnomonic meteor map with 
any desired center and/or scale by computer. For requests write to V.V. Martynenko. 
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Figure 1 - Front cover of the first issue of the Meteorny Vestnik. 

2. AAGS Meeting 
From April 1 to 3, 1991 the plenary meeting of the Central Committee of the AZI-Union 
Astronomical-Geodetical Society (AA GS) was conducted in Simferopol. There were astronomi- 
cal and geodetical workshops that included reports of the AAGS members and lectures. During 
these activities, some Soviet IMO members (V.V. Martynenko, 0.1. Bel’kovich, G.O. Ryabova, 
G.O. Andreev) and other meteor workers (A.I. Grishchenyuk, A.S. Levina, A.I. Poroshin, V.I. 
Tsvetkov, S.A. Maslenitsyn, and others) met and held a small discussion. Bel’kovich and 
Ryabova stayed in Simferopol for a week and participated in processing data from the Crimea 
Meteor Station archives. They succeeded in finishing the Geminid analysis over 20 years and 
made a lot of progress in the Perseid analysis. Information about the results will be published 
in WGN. 

3. Meeting of USSR meteor amateurs in Kirov 
A meeting of meteor amateurs from the USSR was held in Kirov from April 20 to 22, 1991. 
Unfortunately, the meeting was not very representative: apart from the hosts, there were only 
two teams from Crimea and one team each from four other sites. IMO member 0.1. Bel’kovich 
(Kazan) attended the meeting. A discussion on the technique of observing and data processing 
was performed under A. Grishchenyuk’s motto: “Different techniques must yield the same re- 
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sult”. Besides the visual observations’ project of the satellite for the investigation of the dust 
clouds in the Earth-Moon system, a program of radio (not radar) meteor observations was pre- 
sented and a report on a meteorite impact were given. The latter report was presented by 
M. Kisilyov (Ufa) and is summarized below. 

Figure 2 - From left to right: G.Q. Ryabova, A.S. Levina, 0.1. Bel’kovich, V.V. Martynenko, 
Ryabova and Tsvetkov perform analysis on A.I.  Grishchenyuk and V.I. Tsvetkov. 

observations at the Crimea Meteor Station in Simferopol. (Photo by I. Salnikov) 

he meteorite fell in the night of ay 17-18, 1990 at 17h20m UT on the place with coordinates 
= 55’35’ and p = 53’36’. An alysis of the visual observations showed that the meteorite 
aveled during 7-8 seconds from the South to the North under an angle of 45’ with the horizon. 
ne of the eyewitnesses at 1.5 km from the place of impact reported a “stationary” (point-like) 

meteor as bright as Venus during the first 5 seconds; then there was a blast and a short final 
flight. The radiant was determined to lie in Virgo. 
As a result of the fall, an impact crater was formed with a diameter of 10 m and a depth of 4 
m. It is surrounded by a rim of 60 cm high, In the first stage of examination of the impact 
area, small parts of the meteorite (800 grams in total) were collected. The meteorite turned out 
to be iron; laboratory studies labeled it as a middle-structure octahedrite. With the use of an 
excavator, two larger parts (over 3 kg and 6.6 kg, respectively) were digged out from a depth of 
8-8.5 m. Features of the cut surfaces of these parts reveal that they broke apart when they were 
already in the ground. Crater features, the sizes of those two parts and the crater rim suggest 
that the size of the original body was 0.4 to 0.6 m in diameter, with a mass of more than 800 
kg, and a penetration depth of 15-20 m. 

4. Miscellanea 
Recently some young Crimean amateurs were distinguished for their advances at several camps 
for school children-amateurs in science and technology. In MOSCOW, A. Dormidontov (Crimea) 
received a first degree diploma for a report on his investigations of Comet Levy. In Stavropol, 
V. Yaremchuk from Simferopol was distinguished for his advances in meteor astronomy. 
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A Photographic Geminid Campaign in Southern France 
Casper ter Kuile, Peter Jenniskens, Marc de Lignie 

An account is given of a photographic observing campaign for the 1990 Geminids, organized in Southern France 
by the Dutch Meteor Society. 

1. Introduction 

The 1990 display of the Geminid Meteor Stream promised to be one of the best in recent years: 
no disturbing moonlight and a maximum during the night, with the radiant high in the sky. 
Unfortunately, there is only a small chance o 
of Western Europe due do abundant clouds in 
many amateur astsonorslers before us have traveled to t 
In the summer of 1 members of the decided to olrgaatze a 
multi-station photo bic campaign for ur sites (Le Tbouron. 

eres te> meteor c;bw s in order to obtain 
article, we descxibe 

eing able to observe Geminids in 
cernber. To escape bad obser 

rovence in the Sout 

our experiences in 

t 42 km west of the city o 

ay accommoda 
s. In Lardiers, we could even s 

rounding hills did not obscure the sky signifi 
unobstructed view of the southern part of the sky. 

The following people stayed in Lardiers to see the 1990 eminids: Evelyne lomme and Paul 
Roggemans as visual observers, Malcolm Currie and Mark Vints as telescopic observers and 
Casper ter Kuile as a photographic observer. 

What kind of equipment has been used? 

A Canon T-70 with a 16-mm objective served as an all-sky camera. This camera can be pro- 
grammed for unattended operation. In one observing night of 10 hours, this camera can take 30 
pictures with an exposure time of 20 minutes each. Two 50-mm focal length Praktica cameras 
were pointed at  an elevation of about 75’ and were operated manually. 

The so called “high altitude battery” consisted of 6 Zenit cameras with 58-mm Helios objectives. 
The cameras of this set were directed at an elevation of 55’. The “low altitude battery” consisted 
of 8 Prakticas equipped with 50-mm Oreston optics. The cameras on this construction were 
pointed at an elevation of 30’. The exposure time of all the SLR-cameras was approximately 
25 minutes. All cameras were equipped with rotating shutters, yielding 25 breaks per second (if 
power was available . . .), for velocity measurements. 

Furthermore, we were able to use the photomultiplier equipment of Hans Betlem which is nor- 
mally situated at DMS-Leiden. This equipment is capable of timing bright meteor events with 
an accuracy of better than one second. Meteors should be at least of magnitude -1 (in zenith) 
to  be detected. 
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Figure 1 - A magnitude -3  Geminid in Ursa Major photographed in Lar- 
diers on December 13, 23h25m UT.  

3. The observing site at Le Thouron 
Le Thouron is a small village about 15 km north of Barrkme which consists of a small chapel 
and a few houses, located on the slope of a mountain. The location is at  an altitude of about 
1000 m, and the surrounding mountains allow a free view down to about 15’ altitude. Only one 
street lamp interfered somewhat with the visual observations. In Le Thouron, Marc de Lignie 
and Peter Jenniskens stayed with a team of visual observers: Paul van der Veen, Ren& Veldwijk 
and Mark Olie. 

Marc operated a camera setup consisting of 6 cameras of type Praktica/Zenit equipped with 
50-mm objectives, and 8 Lubitel cameras with 4.5/75 objectives which together covered the sky 
down to an altitude of 15’. Both setups were especially designed for the Geminid campaign. 
Some unsuccessful attempts were made to record meteors with an electrometer. Visual obser- 
vations were done from a lawn in front of the “gite” and from an observing place on the Col du 
D &fends, 
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4. The site at Quinson 

On the night of maximum activity, Peter Jenniskens used his car to travel to Quinson, a location 
forming an almost perfect equilateral triangle with Le Thouron and Lardiers. The location is on 
the edge of a forest, which eased the strong mistral winds somewhat, and only at about 500 m 
altitude, on the high plains. There were no problems with snow (like in Le Thouron) or fog (like 
in Cereste). 

Peter operated a transportable set-up consisting of 6 small cameras of type Praktica/Zenit 
equipped with a 25-breaks/second rotating shutter and heating elements powered by a car bat- 
tery, a design by Hildo Mostert. The cameras were pointed at  an elevation of 60°, with one 
28-mm wide-angle camera covering the zenith. 

5.  The site at Cereste 

A German group of observers among which Bernhard Koch and Michael Nolle observed both 
visually and telescopically from Cereste. As part of the photographic project, Bernhard operated 
a Canon T-70 equipped with a 17-mm ultra-wide-angle lens pointed at the zenith. 

Figure 2 - A magnitude -3 Geminid in Lepus photographed in Lardiers on December 14, 22h41m43s U T  

6. Some remarks concerning the photographic procedure 

The rotating shutters use bicycle dynamos, a synchronous motor. The systems are as stable as 
the main’s frequency, which is usually better than 1 in 500. All 1.8 and 2.0 optics are set at a 
diaphragm of 2.8, resulting in much sharper images on the negatives. The limiting magnitude 
for photographing meteors (about 0) will not get worse as result, because the light of the meteor 
is more sharply focused on the grains of the film. We use Kodak Tri-X (400 ASA black and 
white film) stored in cans containing 30 m of film. The film cassettes are filled with sections for 
36 exposures (about 1.5 m). The administration of the films is very important. The cassettes 
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are labeled according to the camera numbering. Afterwards, one can then easily find out which 
film belonged to which camera. The films were developed in Kodak T-max 400 developer for 
about 8 minutes at 25' C. 

7. Weather and observing conditions 
The campaign was planned to run from December 8 till 15. Unfortunately, the first nights were 
covered with clouds from a strong depression. Snow fell both at Le Thouron and Lardiers. 
The night of December 10-11 allowed about 2 hours of observations, both at Le Thouron and 
Lardiers, in the early evening. No bright meteors were seen. 

From the night of December 11-12 onwards, skies were clear and very transparent. The mistral 
was strong at December 11-12 and 12-13. In both nights, this resulted in a power failure that 
prevented us from using the rotating shutters. Fortunately, we had no such problems during the 
succeeding nights of December 13-14 and 14-15. 

One has to acknowledge the transparency of the sky in Southern France. It is really overwhelming 
to see Puppis low above the southern sky, Orion is an impressive display. Often we saw meteors 
disappear behind distant hills. Sometimes, they even seemed to fall right into the Mediterranean; 
only the splash was missing! The limiting magnitude is not that much better than at dark places 
in Holland. The real difference is the superb dark background. The ilky Way, Sirius and Mars 
are really disturbing light sources. The Zodiacal Light is obviously present. Magnificent! 

Figure 3 - A pair of Geminids in Cancer, photographed from Lardiers on December 14, 1990. The brighter one 
is of magnitude -2 and appeared at 3h18m UT. 

8. First results 

In total, about 100 films were exposed, amounting to 40 hours of exposure per camera with 
17 + 14 + 6 + 1 cameras. The numbers of meteors recorded is overwhelming indeed. Cereste 
recorded 5 meteors on film, Quinson recorded 150. Le Thouron even 250 and at Lardiers some 
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350 meteors were recorded photographically. Obviously, over 100 multi-station events are among 
those. How the meteors were distributed over the nights is shown in Table 1 (Lardiers results). 

Table 1 - Distribution of photographed meteors at  Lardiers. 

I Night 1 Meteors I Tot. exp. time 1 Eff. exp. time 1 Exposures 

Dec 11-12 7 Ogh 14'" Ogh 54'" 20 
Dec 12-13 11 OSh 14m 0 9 h 0 1 m  22 

Dec 14-15 98 08h43m 08h27m 20 

Total 348 38h29m 37h lgm 90 

Dec 13-14 232 1 l h  lgm 10h56'" 28 

9. Reduction of the da ta  

To indicate the abundance of these data, it should be noted that the Dutch Meteor Society 
in all of its existence, now 11 years, has obtained and reduced some 150 multi-station events. 
The results have been published in Radiant,  the Society's journal. We spent a lot of time to 
organize the campaign and to get the photographic equipment in perfect condition. But none 
of us realized that such a tremendous amount of meteors could be photographed under the dark 
skies of the Provence! 

This became really clear to us when searching for meteors on the many negatives. On some 
negatives as much as four m eors could be identified. A big amount of time has been spen 
determining the begin and e point of the meteor trail on the negative. Joining visual observing 
t irniqs to meteors on t e negative as well as other administration tasks costed many hours of 
work. 

reciate the time involved in reducing these data, one should note that for reducing one 
negative of a multi-station set, about half an hour of time is required for printing and identifyin 
the stars in the field, and another hour to measure the positions on the Jena astro-recor 
measuring device at the Leiden Observatory. The reduction of all the Geminid data is therefore 
a major project and only feasible because we have three enthusiastic teams, led by Hans Betlem, 
who do the actual measurements on a weekly basis. 

10. Conclusion 

The 1990 photographic Geminid campaign has been very successful. This is a strong argument 
to organize similar events in the future. In view of the forthcoming Leonid storm, observations 
of this stream in the preceding years are necessary, for instance. But beware: watch your mental 
strength before you start a campaign like this one. It costed us many evenings and weekends! 
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io Observational Results 

e yster 3 

The enhanced radio meteor activity observed by Dirk Artoos and others in 1989 and 1990 around January 22-23 
[1,2] could be confirmed by the author in 1991. 

For two years in a row, Dirk Artoos observed an increased radio meteor activity around January 
22-23 [1,2]. 
r i I tried to establish whether this was due to a fluc- 
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1 9  
~- 

2 0  

~ 

! ’ 
tuation in the sporadic background, or indeed a new 
stream. Therefore, I observed in 1991 between Jan- 
uary 19 and 25, from l o h  to I lh  UT, as suggested by 
Dirk Artoos [2], at an azimuth of 0’ and an elevation 
of 45’. The frequency used was 107.5 MHz. Gotfred 
M. Kristensen observed under comparable conditions 
in 1989 ( A  = Q’, h = 35’, f = 100.50 RIZBz) [I]. 
Although Gotfred observed a highly increased activ- 
ity on January 22, 1989, I could only observe a slight 
increase in activity on Janua,ry 22, 1991. 
But if one takes into account that  there was also an in- 

23 24 25 crease in activity on January 22, 1989, and on January 
Figure 1 - Radio observations by the author 

in NiJnlegen, the N d ~ r l a n d s  dur- 
ing January 1991. 

23, 1990, this can hardly be a coincidence anymore. It 
starts to look like there is a minor stream active around 
that date. To establish this more convincingly, future 
observations remain neces s ary. 

rences 

Van Wassenhove J., “(Unusual Meteor Activity in January 1988”,  WGrV 1716, 
1989, pp. 214-215. 
Artoos D., “An Unsolved January 22-23 Mystery”, WGN 18:6, December 1990, pp. 209- 
210. 
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[2] 

I think it is necessary to  warn observers not t o  jump to conclusions too easily. Altho~~gh the author 
did observe some increase on January 22, one can wonder whether this increase is statistically 
significant, especially since the author’s count on January 19 is almost as high. (Ed.) 

Dirk Arioos 

An account is given of the author’s radio observations during the month of May, 1991 

During the month of May 1991 I have observed each day from May ‘I to 25, always from @40” 
to  8h15m UT. It was a very interesting period to follow the evolution of the daylight activity. 
As you can see in Figure 1, there was the 7-Aquarid activity with a maximum on May 3. There 



was also a second maximum on May 2. In my personal opinion, this may have been caused by 
Halley 530 ( r  =z 0.001 AU). The third maximum around May 8 is likely the result of Flalley 1910 

A U )  [I]. The entire period May 1-8 is dominated by the 71-Aquarids. 

C3.z  &-z 4.7 - 3 3  5: *17 ES 6’3 -25 

Figure 1 - Meteor counts by the au thor  in May 1991, each day between 7h4Gm and 8h15’n IJT. 
Solar 10ngit~udes refer to  eq. 2000.0. 

A few days later, on ay 12. a high peak occurs, probably the result of 
Araki- Alcock. The associated theoretical radiant W;~LS m e i i t i ~ ~ e c ?  in [2 
days later is probably due to the o-Cetids. This xaciiant also produce 
an average position xiear nxxirnurn at a = 28’ and 6 = -03”. They ‘M’ 

14, 1950, by radio. Xt is a siaower with low activity levels and until n 
comet or asteroid Eicls been wtablished. 

The following days, the echo activity dropped to the background level, to make a jump on 
17-18 towards the grcatest activity of the month, cau d by the E-Aquili 

al publications [3,4], the predicte max4;num of 4ih 
~-Aquilids,  who are only detectable by optical or radio equipment, is 

e body for this latter radiant is probably an asteroid of the Aten cla 

slight increase ~ L W Q  
yligbt shower with 

think that the increase in number of radio reflections i s  due to the combination of both showers. 
Unfortunately, it is not possible with my equi ment to distinguish both showers. 

As a general conc1usion., the iifth month of 1991 turned out do be very fruitful with several major 
and minor radiancs activc, 
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is  tens en 

While continuous radio registrations show only a weak increase with respect t o  the background level for the 
global activity of the 1990 and  1991 Eyrids, similar profiles for bright radio Lyrids show a distinct, very sharp 
a n d  narrow peak instead tha t  car, be easily missed when observing visually. 

If you look on the total numbers of Lyrids observed by radio on a 24 hour per day basis with a 
pen-recorder seen in 1990 and 1991, YOU will only see a weak increase in activity around April 
22 against the ackground activity in April (not illustrated here). 

owever, Figures 1 and 2 in which only bright radio Lyrids are included, show a different picture. 
There is a very distinct peak around April 22, 1990 and around April 21, 1991, if YOU only look 
at radio meteors with a duration over 8 seconds. 

In 1990, mosc sf the bright radio meteors appeared within an interval of 2-3 hours on April 22. 
Maybe, so nanow a maximum can be easily missed by visual meteor observers. 

During my observations of radio meteors by pen-recorder, I sometimes register a short-duration 
outburst of signals. The  number of radio meteors rapidly increases t o  high activity within a 
few minutes and decreases a little later back to the normal background level. On April 6, €or 
instance, the number of radio meteors rose to 155 between 2h and 3h UT. In the hours before 
and after, the nurnber was not higher than 51. Also, the days around April 6 showed stable 
activity. I could not notice any changes in the observing conditions. 
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Figure 1 - Bright radio meteor registrations by the author during April 1990. 
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Figure 2 - Bright radio meteor registrations by the author during April 1991. 

L ts 

An examination of the U 
activity seem to have occurred for both showers. 

visual results for the 1990 Leonids and Geminids is presented. Normal maximum 

November's weather favored almost the whole Leonid epoch in 1990 for the first time in many 
years as seen by the JAS Meteor Section and to the surprise of many people, less than a month 
later the Geminid peak also enjoyed clear skies. Eleven observers contributed 85.7 hours of 
meteor watching in November and December, spotting 1307 meteors (39 Taurids, 35 Leonids, 
756 Geminids and 477 sporadics). The observers were: 

Xeil Bone, Shelagh Godwin, Craig Johnson, Richard Livingstone, David Lloyd, 
Lee Macdonald, Tony Markham, Alastair McBeath, Steve Phipps, Graham 
Pointer, Ian Rigney. 

Analyses were carried out to determine magnitude distributions, meteor activities and train 
proportions from all the above sources when the limiting magnitude was $5.5 or better and the 
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cloud cover less than 20%. The mean limiting magnitude was $6.1 in November and S5.8 in 
December. Magnitude and train results are shown in Table 1. 

Table 1 - Global magnitude distributions and train percentages (%) for JAS Meteor Section UK ob- 
servers in November and December 1990. 

0 2 3 6 6 4 4 3 0  
1 2 2 10 20 35 76 29 19 

14 27 36 83 135 158 151 90 22 
4 0 10 22 41 59 57 20 10 

ZHR data is given in the section below for each shower. Corrected sporadic mean HRs were 
12.4 f 0.9 and 10.7 f 0.8 for November and December respectively. 

Conditions prevented anything of their peak rates from being seen, though combined ZHRs of up 
to  around 10.5 i 4.0 were recorded on November 14-15, which were higher than those obtained 
subsequently ( w  6 f 4  and N 5 . 5 i  3.0 on November 17-18 and 18-19 respectively). Too few were 
seen for the magnitude analysis to have any real weight. 

Again the low numbers make the magnitude distribution unsound, but 
coverage than has been possible for many years. Mean ZHRs from 
Table 2. 

Table 2 - 1990 Leonid mean ZHRs. 

the shower received more 
four nights are given in 

November 17-18 produced the highest act,ivity, although the true peak .  
obvious sign of an unusual high return was apparent in these results however. 

was probably missed. No 

4. Geminids 

Significant Geminid results were obtained on only two nights in December, covering the maxi- 
mum and part of its decline. The mean ZHR from December 13-14 was about 85 & 14 overall, 
but activity appeared highest between lh and 3h UT, when the mean ZHR reached circa 96 f 13, 
roughly normal from the recent returns. On December 14-15, the mean ZHR had dropped to 
around 22 i 6, though it was clearly falling throughout that  night. 

The large number of meteors from the shower at this epoch gives the magnitude distribution a 
reasonable credibility. The corrected mean magnitude indicates that  r for the stream was about 
2.2. This is a somewhat higher figure than might have been expected, but was almost certainly 
due to the effects of mass-sorting of the stream’s particles noted by other workers previously, 
a consequence of almost 88% of all the Geminids reported occurring near the maximum on 
December 13-14. 
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One problem that several people commented on from the peak night was the great difficulty 
in keeping pace with the observed meteor rates, which at times reached four or five events 
per minute. This is a question which has wider implications for the more active showers and 
particularly for meteor storms. While the higher visual rates provide a marvelous spectacle 
for the observer, meaningful results are still needed from such occurrences, and a discussion on 
this topic lea,ding to some IMO guidelines on what to record under these circumstances would 
perhaps be generally welcomed. 

5 .  Conclusions 
After an essentially disappointing year, the latter stages of 1990 provided a pleasing break, with 
the Geminid peak being especially well-seen for once. The Leonids too received more attention 
than for some years and both streams showed no unexpected characteristics from this data. 

A c ~ n ~ w ~ ~ d g ~ e n t  
I am always indebted to  the contributing observers for all their time and effort summarized in 
this report. 

s in Australia 

An account is given of the 1990 Lyrids as seen in Australia. A normal activity was registered. 

Members of the N A P 0  Meteor Section carried out a series of observations of this northern 
hemisphere shower from April 19 to 24. A total of 15 man hours of observations were made 
on five nights by two observers, Mark Glossop and Jeff Wood. Their results indicate that the 
Lyrids produced a normal display in 1990 with a maximum ZHR of 12 being recorded on the 
night of April 21-22. 

Table 1 - 1990 Lyrid activity a s  seen in Australia. 

I Date  1 Mean ZHR 1 Nr. Obs. 

Table 2 - Magnitude distribution of the 1990 Lyrids in Australia 

The ratio of the increase in the numbers of Lyrid meteors per magnitude calculated using the 
correction factors derived by Kresakova (1966) is 3.01 for the magnitude range in Table 2. 
Of the 21 Lyrids of magnitude $2 or brighter, 5 were blue, 2 yellow and 14 were white in color. 
Few of the 1990 Lyrids had a train. Only 8% of those seen produced a train. 
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The 1 Gri lerupids i 
Je$ Wood 

An account is given of the 1990 Grigg-Skjellerupids, also called n-Puppids, as seen from Australia. A low but 
detectable activity was registered. 

This shower which is also known as the n-Puppids, is a periodic one with good rates only 
being seen the years the parent comet P/Grigg-Skjellerup reaches perihelion. The last such 
time was in 1987 and so N A P 0  Meteor Section observers were not expecting much activity in 
1990. Nonetheless, the unexpected can happen and so 22 man hours of watches were carried 
out by Mark Glossop, George Platt ,  Adam Marsh and Jeff Wood from April 17 to 24. Their 
data indicated low but detectable Grigg-Skjellerupid activity between April 21 and 24. The 
maximum ZHR recorded was 1 per hour on the evening of April 22-23. The Grigg-Skjellerupids 
seen were yellow-orange in color and quite bright as is evidenced by their average magnitude of 
1.71. None of the Grigg-Skjellerupids seen had a train despite the brightest meteor having a 
magnitude of -2. 

Je$ Wood 

An account is given of the 1990 7-Aquarids as seen in Australia. 

The q-Aquarids are one of the major meteor showers of the southern hemisphere. In 1990, the 
N A P 0  Meteor Section once again carried out an extensive set of observations of this shower. 
Beginning on April 20 and ending on the morning of May 7 when the Moon and poor weather 
prevented further observations, 15 observers watched over 12 nights obtaining 84 man hours of 
data. The participating observers were as follows: 

Jeff Wood, Adam Marsh, Mark Glossop, George Platt ,  Michael Keating, Derek Fernandos, 
Guy Blackman, Huon Chandler, Martin Coroneos, John Drummond, Martin Sale, Nigel 
McKillen, Stephen Merr, Geoff Carstairs and Andre Moore. 

Table 1 - 1990 7-Aquarid activity as seen in Australia. 

Table 2 - Magnitude distribution of the 1990 17-Aquarids in Australia. 

1 Magnitude I -5 -4 -3  -2 -1 0 $1 $2 +3 +4 +5 $6 1 Tot 

I Number I 3 4 4 16 19 32 85 185 257 217 79 9 I 910 
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The average magnitude of the 7-Aquarids seen was 2.69. The ratio of the increase in the 
numbers of 7- Aquarid meteors per magnitude calculated using the correction factors described 
by Kresakova (1966) is 2.59 for the magnitude range from -1 to +5. 
The color distribution of 348 7-Aquarid meteors of magnitude $2 or brighter is as follows : 

39.08% yellow, 5.46% blue, 7.18% orange, 2.01% green, 0.29% violet, 0.86% red and 45.12% white. 

27% of the q-Aquarids seen had a train. A feature of these trains was their longevity. Several 
lasted for more than 28 seconds after the meteor itself disappeared frorn view. The most persis- 
tent of these was one that was produced from a magnificent yellow magnitude -4 fireball. These 
trains persisted for 90 seconds and noticeably distorted and drifted in a south-easterly direction 
under the guidance of the upper atmosphere winds. 

s i  Z i l  

An overview is given of the 1990 7-Aquarids as seen in Southern Brazil. 

We present results 
Rio Grande do Sd, in Southern Brazil. The observers were: 

the 1990 7-Aquarids realized by observers of Porto Alegre, in 

Clarice Azevedo Machado, Darlain Morais, Gilbert0 Mlar Renner, Luis Antonio Reck de 
Ara6jo, Luis Antanio da Silva Machado, Luiz August0 LeitEio d a  Silva and Onofre DAcio 
DalSvia. 

the state 

The r-value obtained from 312 7-Aquarids is 2.4, in accordance with [l]. A magnitude distribu- 
tion is shown in Table 1. 

Table 1 - Magnitude distribution of the 1990 ?Aquarids and the sporadic background in S. Brazil. 

13 31 92 110 86 30 

[l] J. Wood, “The 1989 ?-Aquarids in Australia”, WGN 18:3, June 1990, p. 65. 

Y olivia 

~ ~~~ ~ 

This article refers to observations of the a-Scorpids made by the members and collaborators of the Spanish 
Meteor Society in 1989. A main maximum was found on May 5-6. 

During 1989, the number of observations of this shower was high; a moderate activity level was 
found. This article analyzes the results of a total of 33 observers in 1989. Their names were as 
follows : 

arragAn, Luis R. Bellot, Javier Caballero, JosC CBceres, Fb61 Cagigao, Diego 
Alejandro Castillos, Oscar Cervera, Carmen Darias, JosC V. Diaz, Antonio Fran- 
nca Garcia, Pedro Garcia, R. Garcia, Carlos G o n d e z ,  Fabiola Gonzalez, Jorge 
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GonzAlez, Qswaldo Gonz6lez ~ Natalie Guillirn, Mark Kidger, Paula Kolenc, Bernard0 Lan- 
dro,  RubCn Lbpez, Gustavo Mastoros, JosC Moisirs, Rosario Moyano, Francisco Narros, 
Marcel0 NGiez ,  Andrirs R. Pafios, Francisco Reyes, Iviin Romero, Miguel Sanz, JosC M. 
Trigo. 

During 10 nights, over 30 individual Z R values were obtained. These ZHR values were grouped 
in 4-hour intervals. The results are shown in Table 1. 

Table 1 - ZHR values for the 1989 a-Scorpids in Spain, Uruguay and  
Bolivia. 

43 

360 55 
380 20 
40040 
430 30 
450 05 
45'1 25 
460 25 
470 20 
490 15 
500 15 

Nr.  Qbs.  

1 1 
13 21  
1 1 
2 5 

13 8 
4 2 
5 8 
4 4 
2 2 

ZBR 

2.0 i 1.5 
5.6 It 3.0 
1.3 i 1.0 
3.8 I 1.9 
6.8 i 3.3 
1.5 I 1 . l  
3.1 i 1,7 
1.4 -c 1.1 
3.2 i 1.8 
2.2 z t  1.6 

We also studied the increase of activity. Oscar Cervera Garcia registered a ZHR of 10.8 k 
4.2. During that  night the activity was high, but only for a short period. Unfortunately the 
observations were not continued long enough, whence the results are not very decisive. To obtain 
the individual ZHR values, a population index of 2.00 was assumed; the value calculated from 39 
meteors between -1 and $4 is 2.10 i 0.38. The magnitude distribution of the 1989 a-Scorpids 
observed Spain is shown in Table 2. The average magnitude is 2.13 (or 2.73, after correction for 
the limiting magnitude). 

Table 2 - Magnitude of the 1989 a-Scorpids in Spain. 

During June ,  several members of the Spanish Meteor Society organized intensive watches in the years 1987, 1988 
and 1990. A maximum activity was found at A3 = 84050 with a ZHR of 5. 

During the last years, only few references were made to this radiant. In this article, we would like 
to  contribute a little to the general knowledge about this stream. The stream's activity seems to 
coincide with the dates mentioned by Paul Roggemans in [I], although our observations indicate 
still some activity of this stream on June 24, 1990. The observing sessions were held in Spain- 
Valencia and the Canary Islands-and in Bolivia-Cochabamba. The following observers took 
part in the campaigns: 
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Javier Alonso, Jose Antonio Cbceres, Oscar Cervera, JosC V. Diaz, Victor Gonzblez, Raul 
Ferndndez, Antanio Francisco, Victor Gonzblez, Juan  H e r n h d e z ,  David Hernbndez, Mark 

. a’rigo, Dulce Plasen- no, AndrCs R. Paiios, Vicente Soldevila, SosC 

During these three yeam, 17 people part,icipated totaling 71 hours of‘ observing time. A total 
number of 61 June Ey-rids was recorded. Over 25 individual ZB values were obtained. These 
ZHR values were grouped in 4- to 6-hours intervals, averaged and the standard deviation calcu- 
lated. For all observations, the plotting method was used. The center of the field of view was 
chosen in the proximity of Lyra. The results are shown in Table 1. 

Table I - ZHR values for the June  Lyrids in Spain and Bolivia. 

Date 

1988 Jun 11-12 
1987 Jun 13-14 
1987 Jun 14-15 
1987 Jun  15-16 
1987 Jun 16-17 
1990 J u n  16-17 
1987 Jun  20-21 
1999 Jun  23-24 
1957 Jun  24-25 

Lyr ( Jun)  

11 
2 
1 
5 
2 

25 
9 
8 
0 

The activity is highest in the nights of June 15-17 but generally differentiates very poorly from 
the background activity. The magnitude distribution of the June Lyrids observed is shown in 
Table 2. 

Table 2 - Magnitude distribution of the June Lyrids in Spain and Bolivia. 

The poor activity of the June Lyrids necessitates to combine observations to obtain population 
values. The r-value obtained (for 59.5 meteors) is 2.92 f 0.36, but on June 17, at  X, = 
(year 1990), a value of 3.13  i 0.41 was obtained. 

In the future, we hope to organize an extensive I M 8  campaign, with the aim of getting more 
reliable results. In paing our society will devote special attention to the June Lyrids in the 
coming years. 
[I] P. Roggemans, ed., “”ZTQ Handbook for Visual Meteor Observations”, Sky Publishing Co., 

During observing campaigns for the June Lyrids in 1985 and 1990, members of the  Spanish Meteor Society and  
collaborators of the  44Agr~apaci6n Astron6mica” of Tenerife registered activity from a radiant near X Aquilae. 

Only a few references to the detected radiant exist, yet its activity is mentioned in the work of 
the N A P 0  Meteor Section in Australia [1]. In their shower list, the radiant is mentioned under 
number 90 as the A-Aquilids, with coordinates Q = 288’ and S = -05’. The activity period 
given is June 9-18. 



W G N ,  the Journal of the IMO 19:4 (1 991) 165 

During observations of the June Lyrids carried out by Spanish observers in 1988 and 1990, a 
very high percentage of meteors radiated from this region in rhe sky (e.g., 19 out of 122 meteors 
on June  17, 1990, or 15%). We tried to identify the X- guilids very conscientiously, in order 
t o  avoid the grave consequences of including the high sporadic and Scorpid/Sagittarid activity. 
The  method applied by the author and Mark Kidger (dnstituto de Astrofisica of the Canary 
Islands) is explained in [2]. The  visual characteristics of this radiant are very important for 
distinguishing these meteors. 
During 1988, activity from this radiant was detected by the author and Vicente Soldevila in 
the night of June 11-12, but this activity was really low. In 1990, however, the author received 
observations from the Canaries which give evidence supporting the existence of the shower. The 
ZHR obtained by this group on June 17, 1990 is only 3-4, but the relative activity is 0.15! 
Activity of the radiant wits also registered on June 24, 1990 but the ZHR then was very small; 
the relative activity during that night was only 0.04. The  observers were: 

Javier Alonso, Josh Antonio Cbceres, David Nernhdez,  Daniel Verde, Victor Gonzbles, 
Duke  Plasencia and Mark Kidger. 

The velocity of the meteors was moderate and the magnitude distribution of the X-Aqiiilids 
observed in 1988 and 1990 is as in Table 2 (average limiting magnitude of 16 .5 ) .  

Table 1 - Magnitude distribution of the X-Aquilids in Spain. 

The radiant positions obtained from the visual observations ‘were as in Table 3. In three radar 
studies conducted during the 1960s [3], the da ta  obtained supports this stream’s existence (see 
Table 4). Sekanina indicated a maximum of the shower on June 17.5 

Table 2 - X-Aquilid radiant positioris obtained from visual ob- 
servations in Spain. 

1 
Date (UT)  1 Q 1 6 1 X-Aql 1 Remarks 

I988 June 11 1 282’ 1 -05’ 1 4 i 1 stationary 
1990 June 17 295’ I -02O 

l9  I 
Table 3 - X-Aquilid radiant positions obtained from radar observations [3]. 

1961 June 13-19 
Gartrell Elford 

In our opinion, our data would justify an inclusion of the shower in the IMQ list. We ask all 
visual and  radio observers to monitor this possible minor shower in future years. 
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As so c i a, t ion 

The meeting, the first of kind to  be held in Britain since June 1985, opened at 10h30m a.m. a t  the Calton Hill 
Observatory with a brief dress of welcome by the President of the hosting Astronomical Society of Edinburgh, 
Dr. Dave Gavine, who introduced George Spalding, the BAA Meteor Section (BAAMS) Director, chairman for 
the first session. After discussing the day’s arrangements and quickly outlining the overall BAAMS structure, 
George introduced the first speaker, Dr. Colin Steele, the BAAMS Network Coordinator. 
Colin described the area of the Northern Network, which covers all of Scotland and Northern England down to  
the Lake District and North Yorkshire, and then ran through the basic visual observing procedure used by most 
nieteor watchers in  this area. He went on to talk about the main showers observers in the region have enjoyed 
some success for, using as a particular example the 1983 Perseids, as well as those which are very difficult to 
detect from Britain, such as the L- and 6-Aquarids. He concluded by mentioning the photographic work which 
has also been carried out in recent years. 
Following a short break for refreshments and informal meetings with friends old and new, Colin Steele took the 
chair and introduced Alastair McBeath, Vice-President of the IMO.  Alastair gave details on the IMO,  its aims, 
some of its publications and its six Commissions, and presented both theoretical and practical reasons why global 
meteor observing is very important to  our understanding of the meteor activity the Earth encounters. He urged 
all interested meteor workers to  join the IMQ and participate in its activities. 
Colin then asked Neil Bone t o  speak on BAAMS observations of the Taurids from 1981 to 1988. Neil led into an 
overview of the Taurid results by noting the historical sightings of the shower and its links with Comet P/Encke. 
Combined results from the eight years totaled 1657 Taurids in 1060 observing hours, with overall activity seen 
between October 15 and December 1, and a flat maximum of some 10-15 meteors per hour apparent between 
roughly November 3-9. Neil mentioned that ,  contrary to expectations, the nort,hern branch of the shower seemed 
the more active and very few rea!!y bright events were recorded. The mean magnitude was $2.4 and 10% were 
trained, both figures similar to the sporadics for the same period. 
Lunch and an  oppo for further discussions came after this talk, and then the afternoon session began, 
chaired by Dr. John , BAAMS Assistant Director. The first speaker was Dr. David Hughes, a professional 
astronomer from Sh Ilniversity, who ha.; made considerable use of amateur meteor data  in his recent 
work. His lively presentation was on meteor streams both large and small and how they change with time. 
T?iie were treated to some fascinating discussion of the Quadrantids, Perseids and Geminids, as well as the 
Orionids, Andromedids and Leonids, and learned that Mars is actually better-placed than the Earth to observe 
meteor showers, whik a t  Jupiter the Galileo probe should be able to make observations of meteors in the Jovian 
atmosphere! Many minor showers probably exist, Dr. Hughes said, but with rates a t  best below three meteors 
per hour, were quite nndetect,able above the sporadic background using visual observations. He also commented 
that the keonids are only as impressive in their periodic storms because of their high velocity. If slower, they 
would produce meteors too faint to be seen. As the prolonged applause showed, this was the best-received talk 
of the day. 
Next, Tony ~ ~ a ~ ~ ~ a ~ ,  Meteor Correspondent for The Astronomer magazine, took an  amusing look at how easy 
it can be to  “discover” a new but totally fictitious shower, and went on to examine various lists of meteor streams 
to try to answer the question “Which meteor showers exist?”. His conclusion was that more observations, using 
all techniques, are necessary to  help us find out.  
Dr. Dave Gavine then presented some extremely interesting information he has recently discovered on observations 
of the 1799 Leonid storm made from America, Germany and the UK. One Scottish astronomer, John Cruickshank, 
who died in 1875, only reported his data  (made when he was 12 years old) some 66 years afterwards-perhaps a 
record for late submission of results as Dave suggested! 
After the final break, in a session chaired by the Director of the Calton Hill Observatory, Jamie Shepherd, 

ason continued the Leonid theme by reviewing prospects for the shower in the coming decade. His 
interpretation of previous returns suggested that  enhanced activity could occur between 1995 and 2004 or so, 
with the hoped-for storm possibly taking place in any of the years from 1997 to 2000. He urged all observers to 
begin monitoring this shower now however, to  provide information about pre-enhanced rate levels as well as to 

rst signs of the storm’s approach. 
aldacchino, the very active and enthusiastic meteor astronomer from Malta who is working in Britain 

this year, then painted a picture of meteor work in t8he islands of Malta. and Gnzo, and relat’ed bales of some of 
the experiments the Maltese observers have carried out into the practical aspects of meteor watching since the 
late 19’70s. He also told us of some customs held near San kawrenz in Goao around the Perseid maximum in 
August, the Perseids sometimes known as the “Tears of S t .  Lawrence” whose day is August 10 and after whorn 
the village is named. 
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The day’s closing speaker was Philip Bagnall of the Society of hfeteoritophiles, who briefly to!d of this new 
society, which is for all interested in collecting meteorites. 

George Spalding closed the meeting a t  about 5“ p . m ~  by thanking all the participants and speakers for their 
time and contributions, and looked forward t o  another AAMS meeting in Edinburgh before the year 2001 (the 
previous such meeting in Edinburgh was held ten years ago!). The fifty or so attendees ail agreed that it had 
been a highly informative and thoroughly enjoyable day. 

Jurgen Rendeel 

The previous ACM conferences were held in Uppsala, Sweden, in 1983, 1985, and 1989. This time, about 300 
participants, among them amateurs as well, met in Flagstaff, Arizona. The area s e e m  to be attractive to 
astronomers and we also find a well-conserved impact structure nearby. An excursion to the Canyon Diablo 
Meteor Crater was organized in the middle of the conference. Despite all the background knowledge and the 
explanations it remains unbelievable that this hole in the surface was caused within a few seconds by an iron 
meteorite with a diameter of “only” 30 meters. 

The conference consisted of plenary meetings and parallel sessions dealing with different topics each afternoon. 
I t  is impossible to review all parts of the program. h4ore than 250 pages of abstracts were published in advance! 
So I will t ry to  summarize some topics of the meteor branch, although even this will be incomplete and it is only 
a personal view. 

Except for the Geminid meteoroids, the bulk densities of meteoroids were assumed to be definitely below 1 
g/cm3. Calculations including gross fragmentation give strong hints on densities in the range of 3 to 4 g/cm3 
at least for photographic meteors. Although the model cannot simply be used for high velocity entries (as for 
cometary showers), also the cometary material may be of higher densky than 0.3 g/c,m3 (Ceplecha and McCrosky; 
Babadzhanov) . 

In the past, there occurred Lyrid peaks of high activity with typical durations of 20 minutes. Lindblad found 
that all observed peaks occurred at the same solar longitude. Thus there may exist a relatively stable filament 
and due to the short time the peak may have been missed many times. 

At a poster, J .  Hartung connected the C o r d s  (observed once by Hoffmeister) and the lunar impact having 
caused the Bruno crater (an observation which is not without doubts). Since ejecta from this impact may be 
observed after their retun to the Earth oon-System as low velocity meteoroids, there is a chance of interrelation. 
More interesting for the observers, he 

Some years ago the ect. Step by step a parent comet as well as 
a “family” of showe dzhanov introduced eight meteor showers. 
Two  of them are not detected yet and could prove the connections. 

Furthermore, the interrelations between professional astronomers and amateurs were discussed. Prof. Keay 
(President of the IAU Cornmission 22 a t  that  time) and Dr. stoh1 (new President of this Commission) decided to  
select six consultants from amateur groups world-wide, three of them from TMO. These consultants should pass 
information of interest into both directions, such as data  requestled or observational projects. The other groups 
presenting consultants are the Nippon Meteor Society, t,he BAA Meteor Section and the Dutch Meteor Society 
(one each). 

One project which will be started immediately from the amateurs is the Infernationaf Leonid Watch (ILIV) 
initiated by Peter Brown. An open discussion yielded several interesting possibilities for future observations. 
The project will last from 1991 a t  least until 2003, but probably even longer, 

Of course, the many talks with specialists gave an irn on about the research which is done in the field of 
minor bodies in the Solar System. Also the “European” members DetIef Koshny and myself met the “North- 
American” Peter Brown. Meteor observations under the clear sky of Arizona showed that the scales developed 
independently (meteor magnitudes, angular velocities) agreed very well-an additional proof of the reliability of 
different da ta  which are checked by statistical means normally. The Conference as well as the additional meetings 
showed that  serious amateur data are welcomed by professional astronomers-not only visual but also other 
kinds of data .  There remains some work to be done by IMO in the near future. 

ects a Corvid shower in 2003 or 2006. 

usdrantids obviously had no related paren 
belonging to a complex was “obtained”. 



Jirgen Rendlel; ‘ 6 ~ ~ ~ ~ n s ~ ~ , n ~ ~ ~ e n ” ~  Urania V e d n g ?  Leipzig-Jcna-Berlin, 1991,  126 p a g e s ,  pr ice:  16.80 DEMj  
ISBN 9- 3 32- 0 U 3 Y 9- 2. 
It is a long t h e  ago since a book on meteors appeared in the German Iangnager, The best known books thus far 
were “Meteorstr6me” by Ciino eteore und die Meteoritische 

onnensysteITP by e latter being a translation rk previously published 
ith over IQO nrd i  

“Physikalische Theorie der  

rman speaking Europeans, a new standard d i n g  with meteors was 
overduel after 30 years. 

Shooting stars are known among people, but the subject is usually very poorly covered in general astronomy 
textbooks. People who wad, to know more about these remarkable meteors will fin exactly what they need 
in this new book. The  a;at>hor combined his practical experience as observer and photographer with his more 
theoreticad hackground knowledge to introduce meteor a t , ronomy in a fascinating way. The book contains many 
photographs and very fine illistrations, all produced with great skill. 
The p3~0.k start,s with an account, of a meteorite dropping in Gerrnariy in 1985, and from this spectacular event 
onvvards the met,eor phenomenon i s  explained. A lot of pages are  reserved for a detailed description of the major 
meteor stzeiims, covering theis most interesting historical appearances and their visibility in recent. times. The 
characteristics of sporadic meteors are  also very well covered: an important aqpect that  is often missing in other 
books. A chapter about I l d A i s  and meteorite impacts covers all aspects of these events, very worthwhile for 
people who once witnessed a firebail. Finally, some hints to  go out and observe are provided t o  t,hose who became 
strongly rnotiva,t,ed a f ~ r  readizg the book. 
This work is not intended as a handbook with very detaile instructions for any observing technique, but rather 
gives the major principles. It also contains a glossary of the terms used in meteor astronomy. The literature list 
contains only German pubi icdons,  ob~vi~usly since the book will be distributed among German-reading people. 
“Sternsclmuppen” is a nicely written book that reads easily. espite the fact that  German i s  not my native 
language, I experienced no dificidties in going throizgh this work. It keeps the attentiorr of the reader alive, 
who becomes more and more interested while progressing in the book, as if it were a thrilling crime story. 
Although being an exact scientific work, the level is easily accessible to anyone, even without too much expertise 
in astronomy. It is ideally suiced for any amateur or professional astronomer who wants t o  have some reference 
work at hand about meteors. The price is very low an  the quality of the edition, lay-out and illustrations is 
outstanding. The work is strong!y recommended to anyone who can read German. 

The third report in th ’GIV U ~ ~ ~ r ~ a ~ ~ ~ n ~ ~  Beport Series is published, and again contains more pages than the 
ordering a copy of this report you help in two ways: first, you help to distribute 
ult,s and, second, YOU enable the future uction of such reports. 

Since all delay has been worked away now, it is our intention to compile the 1991 Report as soon as in April 
1992, trying to get the report over the previous year printed in  May, from next year onwards. In order to be 
able to  do so,  it is necessary that all observers, groups and cooperating societies send in their visual reports and 
fireball forms as soon as possible. It, would help us a lot if an eEort can be made a t  the side of the observers to 

r observing report in such a way that we get their reports within two or maximum three months 
vations. Entering such enormous mass of observational reports can be done only when we receive 

roughout the year. If everything comes together at the last moment, we simply cannot 
wait for your 1991 reports . . . 

A meeting on to ishing in A § ~ ~ ~ ~ ~  ce Sciences wil? take place in the Strasbourg 
Astrornlcal Observatory (France) from October I to 3, 1991. For further information, please contact Ghrislian 
S2eya e 7;“. 
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sure to present all observations w i t h  a 
reasonaljle timespan to tlie entire meteor 

u can already order your 
copy now and thus inake sure you will not 
miss this volume. 

A n  invaluable work for meteor wor 
irig to  carry silt fiirtlier analyses o 
teor observers wantirig know how their con- 
tri1)iitions fit in on a global scale. 

Do riot m i s s  this volume of WGN’s  
Series and order this lmok; only 15 DEM 
1mst paid! (surface mail delivery). 
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The proceedings of tliis International Meteor Conference are now available. 
The book contains articles about various fields of meteor as tronomy-almost 
entirely covering tlie conference. 

Included are: visiial and photographic observations, radio meteor work, tele- 
scopic a d  video oljservations, new techniques in meteor observation, data pro- 
cessing, iiivestigatiorir on meteorite events in tlie past, meteor pliysics and the 
Iirteriiatioiial Meteor Organization itself. 

These procecdinigs are puldished liy the I n t e r n a t i o n a l  Meteor O r g a n i z a t i o n  and 
can be ordered at only 1.0 DEM per copy (siirface mail delivery). Order these 
proceedings in the same way as yo11 pay W G N !  




