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Editorial — Conference and the Orionids

Javor Kac

September and October have again been busy months
for meteor observers.

In September I attended the International Meteor
Conference in Armagh, Northern Ireland. This has
again been an amazing experience for me.

First, exploring a region I have never visited before
is great by itself. While coming to the country was
quite easy — I flew from Ljubljana to Belfast via Lon-
don — it was quite hard to organize other details such
as local transport and accommodation before or after
the conference. I ended up hiring a car together with
Mitja Govedi¢, another participant and fellow observer
from Slovenia. It was a challenge for me to drive on
the left side of the road for the first time, but we sur-
vived about 400 miles on the road. In any case, hiring
a car was a great choice as we could see much of the
country, including marshes, lakes, historic sites, nice
scenic views from the mountain passes and the north-
ern coast with astonishing cliffs, including the Giant’s
Causeway.

Second, and most importantly, it is always nice to
meet fellow meteor observers and others who work in
meteor astronomy in person. That way, it is much
more practical to exchange views and experiences, plan
new projects, etc. One fine example from this year’s
Conference was Sirko Molau who was answering ques-
tions related with video meteor observing and the
recognition software METREC to many interested par-
ticipants one whole evening. He also accepted many
suggestions to improve the software and even changed
the source code live at the site to implement some
ideas.

Finally, I was pleased we were able to explore the
Armagh Observatory and enjoy the hospitality of the
staff. Many fine vintage instruments are hosted by the institution, including a working example of 10 inch Grubb
refractor, installed in 1885 (Figure 1). I was amazed to see how well the Observatory activities are embedded
into the local environment. However, given the long tradition, this should come as no surprise.

And there is still more exciting news: the Proceedings of IMC 2008 in Sachticka, Slovakia were brought to
the Armagh conference and distributed to delegates. The papers of the Proceedings are listed on page 144. If
you were not present at the Conference in Slovakia but would like to have the Proceedings, see the inside back
cover or the IMO website for details.

Another personal recollection of the Conference is presented in an article by Vaibhav Savant from India (see
page 142).

October brought another enhanced maximum of the Orionids. Their activity was mostly obscured by the
bright moonlight. Despite the adverse conditions and variable weather, I was able to observe for a couple of
hours in the morning of October 21. With 50 Orionids and 69 meteors in total, I was not disappointed. I also
covered some more nights, observing away from the maximum (and the moonlight). The preliminary activity
graph at the IMO live pages shows the Orionids peaked at ZHR about 40 this year.

Figure 1 — Tolis Christou demonstrating the 10-inch Grubb
refractor at the Armagh Observatory.

IMO bibcode WGN-385-editorial NASA-ADS bibcode 2010JIMO...38..135K
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Erratum: Meteor Trajectory from Multiple Station Head Echo
Doppler Observations

The WGN Editorial Team

In the August issue of WGN, Journal of the International Meteor Organization, we published an article describing
a method for determining a meteor’s trajectory from its head echo Doppler signature (Steyaert et al., 2010). We
regret that there was an error in typesetting Equation (12). The correct rendition of Equation (12) is as follows:

AT Y AB YAC > Dopplossi A

j 5 i Ve i
> AiBi ) B? > BiCi v, | = >_ Dopplossi Bs (12)
Y AC Y BiC; Y CF Vs > DopplosiC;

We sincerely apologize to our readers.

References

Steyaert C., Verbelen F., and the VVS Beacon Observers (2010). “Meteor trajectory from multiple station head
echo Doppler observations”. WGN, Journal of the IMO, 38:4, 123-129.

IMO bibcode WGN-385-erratum NASA-ADS bibcode 2010JIMO...38..136E

Letter — Meteors in Australian Aboriginal Dreamings
Roberto Gorelli !

I read the article “Meteors in Australian Aboriginal Dreamings” by Duane W. Hamacher and Ray P. Norris,
published in WGN (Hamacher & Norris, 2010). I think that it is a very good work, and I hope that this work
will be followed by a complete recording of all Aboriginal histories relating to the meteoritical sciences.

On the specific article of Hamacher and Norris, I want to say that perhaps I did not read the entire article
with close attention but the Aboriginal has certainly witnessed one or more meteoritical craters among the many
that exist in Australia. In the book Meteorites by Fritz Heide (Heide, 1964) there is written:

page 37-38 [on the Henbury meteor crater field]

“It is again significant that the Australian aborigines do not camp in the vicinity. They call them
‘chindu chinna waru chingi yabu’ which means approximately sun-trail-fire-devil-stone. Here too this
giant meteorite seems to have fallen as late as the age of man.”

Therefore the Aboriginals must have seen this fall and probably other falls during their 50 000 years of history.

As is occurring in Italy, and T think in many other countries around the world, we are losing nearly all oral
histories that contain many interesting topics of all types, historical, linguistic, scientific, etc. In many cases these
histories are not written, so the death of a man or woman that knows them is also the death of the knowledge of
this history.

I ask all readers of WGN in all countries to begin recording these histories, as McBeath and many others are
doing.

References

Hamacher D. W. and Norris R. P. (2010). “Meteors in Australian Aboriginal dreamings”. WGN, Journal of the
IMO, 38:3, 87-98.

Heide F. (1964). Meteorites. University of Chicago Press, Chicago. Translated from the second German edition
(Berlin, 1957) by Edward Anders and Eugene R. DuFresne.

! Via di Val Favara Pal.B 72, I-00168 Roma, Ttaly.
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From the Treasurer — IMO Membership/WGN Subscription
Renewal for 2011

Marc Gyssens

We invite all our members/subscribers to renew for 2011. The fees are as tabulated below. We are happy that
we can offer WGN at the same cost as last year. From 2011 onwards, we also offer an electronic-only subscription
at 5 euros or 10 dollars less than the standard rate.

IMO Membership/WGN Subscription 2011

Electronic + paper with surface mail delivery: €26 US$ 39
Electronic 4+ paper with airmail delivery (outside Europe only): €49 US$ 69
Electronic only: €21 USs$ 29
Supporting membership: add €26 add US$ 39

It is possible to renew for two years by paying double the amount.

General payment instructions can be found on the IMO’s website, http://www.imo.net. Members and
subscribers who have not yet renewed will find enclosed a leaflet with payment instructions that apply to their
geographical region. Please follow these instructions! Choosing the most appropriate payment method results in
low or even no additional costs for you as well as the IMO. The IMO strives to keeping these costs low in order
to control the price of the journal!

When you renew, give a few minutes of thought to becoming a supporting member. Every year, the IMO
helps active meteor workers to attend the annual International Meteor Conference, who would otherwise not have
been able to come. Our ability to provide this help depends primarily on the gifts we receive from supporting
members!

Another way to help meteor workers with limited funds is to offer them a gift subscription.

We already thank all our members that will renew for their continued trust in our Organization!

One final request: every year, a lot of members renew late. As a consequence, back issues that already
appeared have to be sent out to these members. Please support our volunteers in their bimonthly effort to have
WGN shipped to you by renewing promptly! Thank you for your understanding and cooperation!

IMO bibcode WGN-385-gyssens-renewals NASA-ADS bibcode 2010JIMO...38..137G
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In Memoriam Bertil Anders Lindblad (1921 — 2010)
Paul Roggemans

Received 2010 October 24

Bertil Anders Lindblad, born on June 11, 1921, passed away on October 9, 2010, 89 years old. In 1989, he became
the first Honorary Member of the International Meteor Organization (IMO) in recognition of his crucial support
for the foundation of the IMO.

As a scientist, Bertil Lindblad chose to dedicate his talents to the professionally rather unpopular topic of
meteor astronomy. Consequently, he was not the kind of scientist looking for sensational discoveries or newspaper
headlines. When Lindblad started his career as a researcher towards the end of the 1940s, meteoroid stream
structures and dynamics were still largely unexplored. Upcoming new observing techniques such as the use
of radar and advanced meteor cameras challenged meteor astronomers to understand the physics of the upper
atmosphere and its interaction with the smallest particles of the Solar System.

The first publication by Bertil that came to my hands was a paper published in Meddelande fran Lunds
Astronomiska Observatorium called “A Radar Investigation of the Delta Aquarid Meteor Shower of 1950,” pub-
lished in 1952. Radar observing was very new at that time, and the d-Aquariids were a rather remarkable target
for this observing technique. The observing took place at the Onsala Wave Propagation Observatory managed
by the Research Laboratory of Electronics of the Chalmers University of Technology. Contrary to other radar
meteor scientists such as McKinley and the Jodrell bank team, Bertil Lindblad compared radar work to previous
visual observations from a different point of view than the typical theoretical approach of the physicists.

In 1953, an experiment took place in an attempt to correlate the radar and visual observations of the 1953
Perseids. Bertil Lindblad participated himself as a visual meteor observer and thus was one of the rather few
professional meteor astronomers that actually did observe meteors and did not just work from a purely theoretical
point of view. This experiment was repeated in 1955 and later years, and inspired some very detailed analyses
and subsequent papers. Also, when Lindblad noticed a bright fireball on January 9, 1954, he collected witness
reports and analyzed the path and orbit in detail. This interest and dedication to visual meteor observations is
reflected in papers published in the Smithsonian Contributions to Astrophysics later in the 1960s. In the 1970s,
he considered typical aspects of visual observing, such as the discrepancies in visual magnitude estimates by
visual observers, studied in cooperation with the famous Slovak meteor researcher, Jan Stohl (1932-1993).

Radar meteor research also had some spin-offs in terms of the study of the Earth’s atmosphere. Lindblad stud-
ied the solar cycle variations in atmospheric density as deduced from meteor observations. As the observational
data extended over longer periods such as 1953-1966, long term variation could be considered in mesosphere
and lower thermosphere density. In 1967, Lindblad investigated micrometeorite impacts from a sounding rocket
during a noctilucent cloud display.

As computers became available towards the end of the 1960s, meteoroid stream searches became feasible using
large numbers of available accurate meteoroid orbits. This opened new perspectives for studying the different
types of streams and the association of individual orbits with these streams. The stream search projects led to
the awareness that more precise orbital data were needed to satisfy the statistical requirements of this study.
Although the need was obvious, it would take many years more before an official data center became a reality, a
project to which Bertil Lindblad committed himself personally.

From 1973 to 1976, Bertil Anders Lindblad served as President of IAU Commission 22. A suggestion by this
Commission in 1976 certainly contributed to getting the IAU Meteor Orbit Center of Lund established by the
IAU General Assembly in 1982. This meteor orbit data center still serves as a major reference.

In 1986, Bertil Lindblad and Iwan Williams were asked by Pulat Babadzhanov (then Chairman of TAU
Commission 22) to participate at the International Meteor Conference (IMC) in Hingene, Belgium. By then, most
meteor observing groups had become aware that standard reporting formats and methodologies were required
to make amateur meteor observing worthwhile. A detailed proposal and complete observing handbook were
prepared during the months before this IMC in order to have a round table at the IMC and reach a consensus on
this matter. The presence of the two IAU experts was not just symbolic. In 1983, Bertil Lindblad had published a
paper on the structure of the Perseid stream in the Proceedings of the Asteroids, Comets and Meteors Conference
(ACM), using older Onsala radar data. Another paper on this topic was presented shortly before the 1986 IMC
at ACM II. Analyzing the Perseid activity in order to map the stream structure like Lindblad did was exactly
what amateur meteor observers could achieve, on condition that their observation could be calibrated, and the
observing methods and reporting formats used would allow this. In spite of this round table’s careful preparation
by the present author, George Spalding of the BAA Meteor Section, and several other visual observers, a few
amateurs remained unconvinced of the benefits of such an approach. It was precisely Bertil Lindblad who
encouraged me to ignore their criticism and to go ahead with those interested. The analysis method used for
radar Perseid rates was the main inspiration to set up the data format and the first analyzing routines of the

IMO bibcode WGN-385-roggemans-lindblad NASA-ADS bibcode 2010JIMO...38..138R
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Visual Meteor Database (VMDB) in 1988. One of the very first results obtained with the newly created VMDB
was a remarkably detailed activity profile for the 1988 Perseids with a distinct double peak. This discovery would
lead to the prediction by the IMO of a Perseid outburst, and, eventually, indirectly contribute to the rediscovery
of Comet 109P /Swift-Tuttle.

At the ACM III meeting in Uppsala in 1989, the foundation of the International Meteor Organization was wel-
comed by the professional meteor astronomers as a most important development for future amateur-professional
cooperation. Before 1988, the amateur meteor observing community was divided into many local groups, some
competing in a rather destructive way, and all producing statistically too few and incomparable results due to
incompatible observing methodologies, or even the lack of them. Bertil Lindblad promoted the IMO with his
colleagues so that the newly founded amateur organization became well accepted by the professional community.

In 1992, a large number of leading professional meteor astronomers participated at the IMC in Smolenice,
Slovakia. This was the first time that so many professionals attended an amateur meteor conference. Likewise, a

previously unseen number of amateurs participated in the professional Meteoroids conference, immediately after
the IMC.

Figure 1 — Eight TAU Commission 22 Chairmen: From left to right, L. Kresdk (1961), P.D. Babadzhanov (1985-1988),
Z. Ceplecha (1967-1970), I.P. Williams (1993-1997), O.1. Bel’kovich (1982-1985), B.A. Lindblad (1973-1976), W.G. Elford
(1979-1982), C.S.L. Keay (1988-1991) and J. Stohl (1991-1993).

The last time I met Bertil Lindblad was at the ACM conference in Versailles, France in 1996. By that time,
the IMO was well established and the standardized observing methodology had proven its reliability much to the
delight of Bertil. The detailed meteoroid stream activity profiles that the IMO derived from visual observations
worldwide and the meteor shower radiant analyses from the IMO Video Camera Network covered the main topics
of Lindblad’s meteor research during his long career. He continued this research long after he officially retired,
and published several more papers after the 1980s. He maintained his office at the Lund Observatory in Sweden
until his death.

Bertil Lindblad provided invaluable advice and support for the foundation of the IMO, be it in a very discrete
way. We will always remember him as a very modest and friendly person, with a lot of sympathy for amateur
meteor astronomers in general and the IMO in particular. The IMO is forever indebted to Bertil Lindblad for
his dedication to meteor astronomy and his unwavering support of the amateur community.

Acknowledgement

The author thanks Pavel Spurny for providing information on the successive chairmen of TAU Commission 22.
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International Meteor Conference 2010 report

Vaibhav Savant

Received 2010 October 9

This was my first international conference and as with
all things that are first I was more than a little anxious
as to how things would proceed. It all started about
5 years ago when we in Fergusson College, Pune, In-
dia started with Visual Observations of meteor showers.
Even then skies around the city were bad and so obser-
vations were restricted only to the privileged few who
could afford to spend time and resources to go away
from city to less light polluted areas and stay away
from work or studies for the period of the shower. I
was introduced to the subject in late 2008 when I took
my first visual observations along with my teacher —
and now mother after having adopted me! — Dr. Ms.
Raka Dabhade from a location away from Pune city’s
polluted skies. By this time we had already shifted to
radio observations and had collected data using forward
meteor scatter method for FM radio stations. But this
had to be abandoned as more and more private FM ra-
dio stations started mushrooming and the radio shadow
region was lost. After trying airband and failing miser-
ably due to the low transmission power we decided to
shift to ham radio observations. Also the frequencies
were higher than required on airband. We simultane-
ously started with Photographic Observations. Using a
DSLR with programmable timer release cord TC80N3
and self training and experimenting with the help of
IMO’s Handbook we were able to capture quite a few
showers. Unfortunately the unpredictable weather in
India started playing foul and now photographic ob-
servations can be taken intermittently only whenever
weather allows.

At this point we got the opportunity to attend the
International Meteor Conference 2010 at Armagh and
what an experience it was! We missed the fireball work-
shop as our travel arrangements did not allow us to
reach Armagh before mid noon. Registrations were
done at the Youth Hostel where we were accommo-
dated. We were pleasantly surprised to learn that mom
and I had been put in the same room — many thanks
to the organizers who lent a personal touch to the IMC
2010. The first evening was spent socializing at the Ar-
magh Observatory and we were surprised to learn that
delegates fromas many as 24 countries were present and
that this was the first time India had participated. This
was also the first time that after communicating with
experts via emails that we finally met them in person
and it also felt good to discuss with fellow hams who
were present among the crowd as well. This came later

IDept. of Instrumentation Science, University of Pune, India.
Email: vaibhavsavant@gmail.com

IMO bibcode WGN-385-savant-imcreport
NASA-ADS bibcode 2010JIMO...38..142S
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Figure 1 — OASES performance by local children and the
Armagh Rhymers. Photo courtesy of Rafael Barrios.

though as the first evening was spent purely in getting
to know who is who.

Next day the opening of the conference was done by
the Mayor of Armagh who welcomed all the delegates.
The elaborate practical announcements by Apostolos
Christou set an informal mood and instantly made us
feel at home. After the invited talk on how NASA
makes use of amateur meteor data for spacecraft op-
erations I could not deny feeling a sense of pride. The
topics scheduled were all intriguing as well as interest-
ing and we could not wait to hear them out. I was
particularly interested in the wide angle TV and the
cheap all sky camera topics as these, I felt, could be
implemented in our country. The meteor spectrum ob-
tained by DSLR camera has inspired me to try out the
method ourselves. I was glad our talk was slated in
the first session as I could concentrate better on other
topics after the presentation. After the first day’s pro-

Figure 2 — The Conference is a great place for informal con-
versation. Here we see Prakash Atreya (FR), Jan Verbert
(BE), Jeremie Vaubaillon (FR) and Nagatoshi Nogami (JP)
talking. Photo courtesy of Bernd Brinkmann.
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gramme we were in very high spirits (only figuratively)
as we realized there was so much that could be done be
it with photographic, video or radio observations. Later
in the evening we were treated with live Irish music by
Armagh Rhymers at the Turner’s Pub and after enjoy-
ing the social evening everyone was practically in high
spirits!

In sessions 5 and 6, next day, we came to know
of various trajectory determination methods developed
and employed by meteor experts worldwide and the
pros of using their own techniques as against cons of
using others’ techniques. I was specially impressed by
the optimal all sky camera designed for amateurs and
the HAM-Experiment which would allow scientists for
the first time to see the behavior of a known meteor
upon entering Earth’s atmosphere. The participants
were given a guided tour of the Armagh Observatory
along with a very animated explanation of the Human
Orrery. A visit to the Navan Center was next where
everyone got a glimpse of the Navan culture as it ex-
isted in as early as 250 BC. The artifacts found there
included pieces of pottery which date back to 4000 BC!

During dinner came the somber realization that it
was our last evening together and I already started miss-
ing all the talks, all the friendships that were formed,
all the good time we had had. But the astro poetry
later with its songs, jokes and music perked everyone
up and it was an evening full of fun and frolic. Last
session was conducted next day and it was again a rev-
elation with talks of how the moon which plays havoc
with visual observations could be used to our advantage
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Figure 8 — IMC 2010 participants in front of the Market Place Theatre. Photo courtesy of Miruna Popescu.

by observing impact flashes on the Moon during meteor
showers. Lunch followed the closing sessions and group
photograph after which we had to depart as the IMC
2010 at Armagh formally ended. We exchanged wishes
with all the people we had met and with all the won-
derful memories of the IMC which we would cherish for
a long time started off for India. The IMC has been
quite an experience for me thanks to all the organizers
and participants who helped make it such a memorable
one and I hope that you enjoyed reading as much as I
did writing about it. Clear skies and meet you at the
next IMC!

Handling Editor: Javor Kac

Figure 4 — Astropoetry show is one of the IMC traditions.
Photo courtesy of the author.
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Details of the Proceedings of IMC 2008, Sachticka, Slovakia

Communicated by Stanislav Kaniansky

Those who have attended an International Meteor Conference (IMC) will know that they present many high-
quality papers on a wide range of meteor subjects. This material is less well known outside the circle of conference-
goers, however. To make it more widely available, we are publishing a list of all IMC 2008 papers here.

Those who attended the Conference will already have the Proceedings. Others can order them from the IMO:
details are in the lower half of the inside back cover of this Journal and on the IMO website.

Observations of the June Bodtids meteor showers in 2007 from Bulgaria
Plamena Alexandrova

Observations of the Perseids 2007 meteor shower from Bulgaria during the National astronomy
summer school in Belite Brezi
Plamena Alexandrova, Boris Stoilov

The first year of Croatian Meteor Network
Zeljko Andreié, Damir Segon

An estimation of separation distance of meteoroid fragments
Natalia Barri

Precision of a meteor’s 3D velocity vector
Eduard J. A. Bettonvil

An analysis of the atmospheric trajectories of the famous meteorite producing fireballs
M. I. Gritsevich

Some results from Czech meteor expeditions
Pavol Habuda

Portable radio system for automated meteor activity recording
Antonio Martinez Picar

A new analysis of the IMO Video Meteor Database
Sirko Molau

Remarks on the mean orbits of the meteoroid stream
Tadeusz T. Jopek, Regina Rudawska, Halina Ziomek-Pretka

Quadrantids 2008 and 2009: Detection of dust in the atmosphere by polarization twilight sky
measurements
Oleg Ugolnikov, Igor Maslov

Possible meteoroid detections with next generation all-sky surveys
Veres P., Jedicke R., Granvik M, Shinsuke Abe and Pan-STARRS team

Impact orbits and paths of risk of several dangerous asteroids with the Earth and Mars
Ireneusz Wlodarczyk

Meteor observation in a group
Peter Zimnikoval
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What is the difference between image intensifier and CCD meteors?
III. How do meteor showers look like by image intensifiers and by

CCD?

Masahiro Koseki ', Masayoshi Ueda ? and Yoshihiko Shigeno 3

A limited number of major meteor showers, such as the Geminids and é-Aquariids, could be observed well by
each observational technique including photographic and radar observations. The properties of a meteor shower
differ according to the observing technology. We compare two video observations, Shigeno’s image intensifier
observations and Ueda’s CCD observations for the major showers and some other meteor sources.

Received 2010 March 20

1 Differences found in major showers

We applied intervals (Table 1) to list candidate meteors
for each meteor shower or source from the following
bases:

1. We take the mean orbital elements of the meteor
showers mainly from Lindblad (1971).

2. We calculate the Southworth-Hawkins (1963) D-
criterion Dg(M, N) for all photographic meteors
and select the meteors with Dg < 0.25 as candi-
dates.

3. We define the search region from their outer lim-
its.

Table 1 — Searched intervals for major meteor showers and
ecliptic showers (source).

Ao A—do 8

Perseids 115~155  275~295  430~+45
Geminids 240~275  200~215 0~+20
Leonids 200~265  260~285 0~+20
n-Aquariids 30~65 285~300 0~+15
Orionids 185~225  240~255 —15~0
6-Aquariids 115~145  200~225 —20~0
a-Capricornids 95~155  165~195 —10~+25
Quadrantids 280~290 260~285 +60~+T70
ANT

(Ecliptic sources) o 175~210 =15~+10
N,S-Taurids 175~245 175~210 —15~+10
Comae Berenicids 200~310 230~255 +10~-+30

These intervals are based on the D-criterion calcu-
lation introduced by Southworth and Hawkins (1963).
They assumed Dg < 0.20 for their 360 samples and

14-3-5 Annnaka Annaka-shi, Gunma-ken, 379-0116, Japan.
The Nippon Meteor Society (NMS)
Email: geh04301@nifty.ne.jp

243-2 Asuka Habikino-shi Osaka, 583-0842, Japan.
The Nippon Meteor Society (NMS)
Email: ueda@meteor.chicappa.jp

35-6 Kizuki-Sumiyoshi, Kawasaki City, 211-0021, Japan.
Meteor Science Seminar (MSS)
Email: cygénikon.co. jp

IMO bibcode WGN-385-koseki-ccd3
NASA-ADS bibcode 2010JIMO...38..145K

Lindblad (1971) defined that Dg should vary inversely
as the fourth root of the sample size. The definition by
Lindblad might work well if the observational errors are
small and the intention of the researchers is to resolve
meteor showers. Here, we used Dg < 0.25 to search for
the candidates, because we do not intend to define a
meteor shower but to compare the differences between
the observational techniques. It is necessary to identify
samples that might be classified ‘erroneous’ or classified
formerly as ‘doubtful’. These intervals work well and
give very interesting results which are described below.

1.1 n-Aquariids

The n-Aquariids are the most active Southern meteor
shower and a difficult object for Northern hemisphere
observers. Japan is more favourably situated than Eu-
rope and many observations have been carried out at
dawn. It is necessary to note that Shigeno and his col-
leagues operated during their expedition in Australia
to get photographic data in 1989 (Shigeno et al., 1997).
They obtained fourteen double station n-Aquariids, al-
though only eight data are given in the Harvard list
(McCrosky & Posen, 1961), and only one n-Aquariid
allowed a high precision reduction.

Shigeno and Ueda observed the 7-Aquariids from
Japan and got nine image intensifier meteors and twenty
two CCD records. The three sources, e.g. photo, image
intensifier and CCD, coincide with each other (Figures 1
and 2). The n-Aquariids are the rather unusual case
that the three observing techniques agree well.

We assume in our papers that the radiant point in
A — Ao and B coordinates can be kept constant with
time. It means that the orbital plane of the meteoroids
simply rotates around the axis of the ecliptic plane with
time. This procedure is useful as a first approximation
to allow for the radiant drift but it is obvious that the
radiant distribution changes with time even in (A — Ag,
() coordinates.

For the n-Aquariids, the radiant point in A — Ag and
[ moves with time and the radiant point distribution
seems to be elongated (Figure 2). The shift in A — Ag
and f with time is represented: A — Ao = 293°76 —
0.220(\g — 45°), B8 = 7°50 4+ 0.062(Ae — 45°). This
radiant drift corresponds to the equatorial coordinates
as listed in Table 2.
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Table 2 — Radiant drift estimated from Japanese observations for the n-Aquariids.

Ao 30 35 40 45 50 55 60 65 70
R.A. 327.0 330.6 334.1 337.6 341.0 3445 3479 351.4 3548
Dec. -63 —-47 -30 -13 +04 +22 +40 +58 476

The perihelion distribution of the n-Aquariids is
shown in Figure 3 with the Orionids and 1P/Halley.
The argument of perihelion also changes with time while
the perihelion distribution in ecliptic coordinates seems
to remain constant. The perihelion distribution seems
to be elongated too but this might be due to uncer-
tainties in V; (see next section). It is clear that the
perihelia of the n-Aquariid meteoroids are distributed
in the plane of the orbit of 1P /Halley.

1.2 Orionids

The Orionids represent one of the best observable me-
teor showers in Japan because the radiant passes near
the zenith and its long activity begins when the rainy
autumn season has ended in most parts of Japan. Both
image intensifier and CCD techniques recorded Orionid
meteors. We studied and compared the Orionid meteor
images by both methods (Figures 7 and 8 in Koseki,
Ueda & Shigeno 2010a). It is clear that the recorded
trails are short and difficult objects for calculating me-
teor orbits exactly.

Figures 7 and 5 show the geocentric velocity distri-
bution along the time of the observations (Ag). The
initial data interval for the Orionids seems to be bi-
ased towards the earlier dates and the Orionid activity
may continue longer and later than the supposed pe-
riod. The conventional meteor shower surveys use the
Southworth-Hawkins D-criterion but this is based on
the assumption that the meteoroid distribution is sym-
metrical about the core of the stream. Ordinary meteor
streams are asymmetrical and therefore it is necessary
to search carefully the outskirts of the activity by inves-
tigating the individual radiant points and the velocity.

The observed velocity distribution by CCD includes
some slower meteors but they are neither sporadics nor

Vg (km/s)
70 E
N o o E}’“ & 3 ° o [ * o
60
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30
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oCCD
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Figure 1 — Geocentric velocity distribution of the n-

Aquariid meteors observed by Japanese observers.

related to a new shower. The sporadic activity in this
area seems to be low in image intensifier observations
and all image intensifier meteors are fast. It is very
likely that the short Orionids in the vicinity of the radi-
ant do not yield enough information on the meteor trail.
The dispersion in the velocity determination affects the
dispersion in the argument of perihelion (Figure 8).

Image intensifier and CCD observations give a sim-
ilar picture for the radiant distributions: elongated to
the right and left with a small contamination from spo-
radics (Figures 4 and 6). This shape is caused by the
radiant drift with time and does not show any origi-
nal radiant structure. The radiant drift as a function
of time suggests that the radiants belong to one con-
tinuous activity. The radiant moves in (A — A, )
coordinates: A — Ao = 246°82 — 0.199(\g — 210°),
B = =7°72 4+ 0.070(Ag — 210°). This radiant shift
corresponds to the equatorial coordinates as listed in
Table 3.

Table 3 — The Orionids radiant point drift from CCD ob-
servations.

Ao 200 205 210 215 220 225
R.A. 88.8 92.9 97.0 101.2 105.3 109.4
Dec. +15.0 +15.3 +15.6 +15.6 +15.6 +15.5

Image intensifier observations during the Orionid
maximum suggest that the radiant itself is not a point
but an ellipse. The radiant distribution from image in-
tensifier data (Figure 6), split into two classes of mean
velocity, shows that the east-westward spread might be
unrelated to the difference in velocity. It is possible
that the radiant shape during the maximum is caused
by orbital spread but we do not study the details of it
here. The disperson in velocity influences very much the
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Figure 2 — n-Aquariid radiant point distribution in (A— MA@,
B) coordinates.
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Figure 3 — The perihelion distributions of the n-Aquariids
and Orionids in the ecliptic coordinates.
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Figure 5 — Geocentric velocity distribution of Orionid me-
teors observed by CCD.
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Figure 7 — Geocentric velocity distribution of Orionid me-
teors observed by image intensifiers.
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Figure 4 — Radiant distribution of CCD Orionids.
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Figure 6 — Radiant distribution of image intensifier Orion-
ids in two velocity ranges.
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Figure 9 — Geocentric velocity distribution of the Perseid

meteors observed by image intensifier.
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Figure 11 — Geocentric velocity distribution of the Perseid

meteors observed by radar (Harvard 1961-65).
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Figure 13 — Radiant distribution of CCD Perseids.
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Figure 10 — Geocentric velocity distribution of the Perseid
meteors observed by CCD.
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Figure 12 — Radiant distribution of image intensifier Per-
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Table 4 — Comparison of observed magnitude distributions by image intensifiers.

1993 August 12/13 | 1993 October 24/25
Magnitude | Perseids | Sporadics | Orionids | Sporadics
—6 1 0 0 0
-5 0 0 0 0
—4 2 1 0 0
-3 1 0 0 0
-2 2 0 2 1
-1 1 0 1 0

0 5 0 0 0

1 12 0 1 1

2 29 2 2 3

3 16 6 4 6

4 28 11 4 8

5 50 16 18 20

6 23 8 13 12
Total 170 44 45 51
Mean 3.51 4.32 4.36 4.45

uncertainties in the orbit especially in the argument of
perihelion. It is not clear which orbital structure causes
the radiant ellipse in view of the velocity uncertainty.
The distribution of the perihelion shows an interesting
shape that elongates from 1P/Halley and might over-
lap with n-Aquariids (Figure 3). The spread of Orionids
and 7-Aquariids requires further research to determine
if this is relevant or not.

1.3 Perseids

The Perseids are the most active meteor shower year by
year for many observational techniques except for radar.
Their magnitude distributions show that the Perseids
are richer in bright meteors than the Orionids (Table 4).

The Perseids seem to be weak in faint meteors or to
be a difficult object for radar observations. Figures 9
to 14 show this situation clearly and suggest that CCD
and image intensifier observations are situated between
photography and radar techniques. Image intensifiers
can record fainter meteors than CCD (Koseki et al.,
2010b). The mean magnitude of the Perseids is smaller
than for sporadics and the contribution from sporadics
in the fainter meteor population is predominant over the
Perseids. Radiant distributions of Perseids by image in-
tensifiers (Figure 12) and by radar (Figure 14) are much
contaminated by sporadics and it is impossible to define
the center of the radiant in the radar radiant distribu-
tion. This is the very reason for the overestimation of
the error in geocentric velocity for both the image inten-
sifier and radar data sets (Figures 11 and 13 in Koseki et
al., 2010a). The practical error estimate could not be
adapted to the more sensitive observations, especially
for radar (Koseki et al., 2010a). These are affected by
sporadic contamination and have the possibility to de-
tect the outskirts of a stream. Obviously the effect of
sporadics on image intensifier meteors is stronger than
for CCD meteors and, therefore, the practical error in
geocentric velocity of image intensifier meteors might
be a little bit smaller than for CCD meteors.

Table 5 — Radiant drift estimated from the CCD observa-
tions for Perseids.

Ao 115 120 125 130 135 140 145 150
R.A. 146 205 26.7 33.3 40.3 477 554 635
Dec. 50.0 51.8 53.5 55.0 56.4 57.7 587 59.5

The Perseid radiant seems to be stationary in (A —
A@, ) coordinates. But when we adopted the least
squares solution for the CCD observations, we would
get A — Ag = 281°75+ 0.065(Ae — 125°), 5 =39°10 —
0.062(Ae — 125°) and the corresponding radiant drift in
equatorial coordinates (see Table 5).

The perihelia of image intensifier and CCD Perseids
are distributed along the orbital plane of 109P /Swift-
Tuttle (Figure 15). Unlike the Orionid distribution, this
scheme seems to be real, because the argument of per-
ihelion is not influenced by the uncertainty of the ob-
served velocity.

1.4 Geminids

The Geminids are the best recorded meteor shower by
all observations because of their medium speed and the
fact that the shower is rich in faint meteors. This shower
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Figure 15 — The perihelion distributions of the Perseids in
ecliptic coordinates.
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Table 6 — Assumed practical errors in meteor velocity determinations for Geminids.
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Photographic observations are

divided into G (graphical reduction), P (precise reduction), C (Czechoslovakia results) and S (Soviet results), and the
radar observations into 61-65 (Harvard 1961-65) and 68-69 (Harvard 1968-69) each.

CCD II G P C S 61-65 68-69
Mean 32.6 33.1 349 344 355 352 358 35.4
S.D. 1.25 255 183 048 0.71 241 3.84 5.33

is the most suitable case to compare the difference be-
tween the observational techniques.

The practical error in geocentric velocity of radar
meteors could be estimated using Geminids, because
the sporadic contamination effect is smaller than for
any other shower (Table 6).

The standard deviations for the radar observations
are still larger than for the photographic data but the
contamination by sporadics is important even for the
Geminids (Figures 16, 17, 18 and 19). The standard
deviation for the image intensifier data is larger than
for the CCD data, but the contamination is less. Can
image intensifiers not observe meteors precisely? No,
image intensifiers and radar can record fainter meteors
than CCD and photographic techniques. This may in-
dicate that the spread in velocity and in the orbit itself
becomes larger with decreasing meteoroid mass.

The comparison of the radiant distributions for dif-
ferent observing techniques reveals another aspect of
the Geminid stream structure. Each observing method
shows an elliptical radiant shape (Figures 16, 17 and
18) because the Geminid radiant shifts in (A — g, 5)
coordinates. The radiant moves along the major axis
of the ellipse and Ueda’s CCD observations result in
A —Xdg = 209°89 — 0.154(A\g — 250°), B = 10°60 —
0.009(Ae — 250°). We can transfer the radiant point
shift into equatorial coordinates (Table 7).

But this is not the exact reason for the elliptical
shape of the Geminid radiant. Shigeno’s observations
(Figure 16) have been done mainly around the time of
the maximum and do not include the outskirts of the ac-
tivity period. The elliptical shape cannot be explained
by the radiant drift with time but is caused by its or-
bital structure.

Each observing technique shows the same elliptical
shape for the radiant but the ellipse becomes larger for
fainter meteors, which means that the radar and image
intensifier radiants are more dispersed. The Geminid
meteoroids are diffused at perihelion mainly in the or-
bital plane and in inclination according to the dispersion
in the perihelion. The smaller the meteoroid, the wider
the spread becomes.

The perihelion coordinates of the Geminid mete-
oroids are spread across the orbital plane of its sup-
posed parent body 3200 Phaethon and, therefore, their
inclinations are diffused (Figure 19). The left side of

Table 7 — Radiant drift estimated from CCD observations
for the Geminids.

the radiant point ellipse, which is the east side, is the
equivalent to the left part of the perihelion distribution.
The perihelion tends to shift from the upper left to the
lower right during the activity.

1.5 Leonids

The Leonids are one of the most impressive ‘periodic
showers’ and Shigeno recorded the great storm in 2001
by image intensifier. However, the recorded numbers
were rather small although visual observers reported
hourly rates of several hundreds. Koseki got magni-
tude distributions by image intensifier for the Leonids
and the Giacobinids for the 1998 apparitions (Table 9).
Apparently the Leonids are rich in bright meteors but
poor in faint meteors although in 2002 Ueda observed
faint Leonids, mainly under +4th magnitude, by video
observations.

The 2001 Leonid radiant distribution by image in-
tensifier is very concentrated while for the other years
it is remarkably diffuse in contrast to 2001 (Figure 20).
Radar observations in 1961-65 show a very similar dis-
tribution although they covered the previous Leonid re-
turn (Figure 22). The Leonid radiant is situated near
the apex and the more sensitive devices are significantly
affected by sporadics from the apex source.

CCD Leonid radiants for 2004-05 show a rather dif-
fuse distribution and are supposed to be typical for the
poor activity period (Figure 21). The velocity distri-
bution from CCD data suggests a prolonged activity
of the Leonids in spite of the low activity period (Fig-
ure 23). We selected radiants located within the range
of 270 < A\g < 276 and +8 < (8 < 413 to belong to
the ‘core’ and others to belong to the ‘mantle’. The
so-called ‘mantle’-Leonid activity continues longer than
that of the ‘core’-Leonids. There may be some contam-
inations from the apex source except for the maximum
period but the Orionid activity suggests a shower of
retrograde motion can be active for longer than previ-
ously supposed. It is necessary to study the possibility
whether such retrograde showers could contain mete-
oroids drifting away and expanding like ‘ecliptic show-
ers’.

The Leonid radiant also moves along A — A\g =
276200 — 0.321(\e — 225°), B = +11°41 — 0.103(\g —
225°) and can be represented in equatorial coordinates
as Table 8.

Table 8 — Leonid radiant point drift estimated from CCD
observations.

Ao 245 250 255 260 265 270 Ao 220 225 230 235 240 245
R.A.  96.7 101.7 106.7 111.6 1164 121.2 R.A. 1441 1474 150.6 153.8 156.9 160.0
Dec. +34.0 +433.6 +33.2 +326 +31.9 +431.0 Dec. +26.9 4253 +23.6 +22.0 +20.2 4185
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Figure 17 — Radiant distribution for CCD Geminids.
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Figure 19 — The perihelion distributions for Geminids in
ecliptic coordinates.

Figure 18 — Radiant distribution for radar Geminids (Har-
vard 1961-65).

Table 9 — Magnitude distributions of the 1998 Giacobinids and 1998 Leonids by image intensifier.

1998 October 8/9 1998 November 17/18

Magnitude | Giacobinids | Sporadics | Leonids Sporadics
—4 0 0 1 0
-3 0 0 1 0
-2 2 0 3 0
-1 1 0 0 0

0 1 0 2 0

1 5 0 2 1

2 14 4 4 1

3 29 8 1 1

4 49 9 8 2

5 51 20 7 11

6 23 ) ) 18
Total 175 46 34 34
Mean 4.02 4.3 2.85 5.21
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Leonids showing the concentrated radiant for the high ac-
tivity in 2001.
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Figure 22 — Radiant distribution for radar Leonids (Har-
vard 1961-65).
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Figure 21 — The radiant distribution of CCD Leonids.

Vg (km/s) @
9 (kmfs) | a . : . 5
o o ﬂ‘ ’U“ﬁ‘x"ﬂ —0 o
o O OgCe 3 o
opg®° 0go ¢, O $ *oge
e * 0 o
n *
o
o
L-Ls
0
200 210 220 230 240 250 260

Figure 23 — Comparing the geocentric velocity distribution
of the Leonid meteors observed by CCD for the core with
the mantle.
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The perihelia of image intensifier and CCD Leonids
are distributed along the orbital plane of 55P /Tempel-
Tuttle (Figure 24). This scheme is similar to the Per-
seids but different from the Geminids and the Orionids.

1.6 J-Aquariids

The d-Aquariids have been well observed by all observa-
tional methods from visual to radar and the results from
all the observing techniques are in good agreement.

The magnitude distributions and the geocentric ve-
locity determine what we can see by different observa-
tional methods. The Orionid magnitude distributions
(Table 4) compare better to the sporadic magnitude dis-
tributions than that of the é-Aquariids (see Table 11),
and a population richer in fainter meteors is assumed
to be more suitable for radar techniques. However, al-
though the §-Aquariids are less abundant in faint mete-
ors they still have many faint meteors while their slower
velocity is more suitable for radar work than the high
velocity of the Orionids.

There is a small difference between the observing
techniques for the d-Aquariids as the proportion of
shower members to sporadics decreases with the sen-
sitivity of the technique. CCD observations are less af-
fected by sporadics than image intensifier data although
the proportion is larger than for other showers, except
for the Geminids.

Shigeno (2004) reported the results of his group’s
expeditions to Australia. They had carried out two
expeditions, the first in July 1998 and the second in
August 2002, and they obtained an abundant number
of Southern-§-Aquariids. The results are in excellent
agreement with earlier studies.

Shigeno’s expedition to Australia suggested that the
magnitude distribution of the d-Aquariids compares
very well with the sporadic magnitude distribution (see
Table 11). Here, we considered meteors radiating from
the area 205 < A — A\g < 215 and —15 < § < —5 as
d-Aquariids and all others as sporadics, except for the
a-Capricornids (see Section 2.2 a-Capricornids).

It is noteworthy to mention that the radiant distri-
bution between the -Aquariids and the a-Capricornids
does not indicate any distinct meteor shower activity
(Figure 25). Both the Piscis Australids and (-Aquariids
could not be detected by Southern hemisphere image
intensifier observations.

The radiant point moves in (A — Ag, ) coordinates
and we can determine the following relationship from
the image intensifier meteors for which 204 < A — A\g <
215, =13 < B < —4: A — Ag = 210°99 — 0.232(\g —
120°), 6 = —=7°19—0.056(\s —120°). This corresponds
to the equatorial drift shown in Table 10.

Table 10 — Radiant point drift of the d-Aquariids estimated
from image intensifier observations in Australia.

Ao 120 125 130 135 140 145
R.A. 3357 3395 3433 347.0 350.7 3544
Dec. -178 -16.7 -155 —-14.3 —-13.0 -—-11.8
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Figure 25 — Radiant distribution near the ANT area ob-
served by image intensifier during the Australian expedition.
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Figure 26 — Perihelion distribution for the Quadrantids
and the J-Aquariids from image intensifiers during the Aus-
tralian expedition.

1.7 Quadrantids

It is not a surprise that Ueda missed the Quadran-
tids, because he did not observe in January 2004 and
he could not observe in 2005 due to the unfavourable
weather conditions. If we get no clear sky at the time
of the maximum of this shower, we can record only a
few Quadrantid meteors, which are not enough to deter-
mine the meteor activity. Photographic data were only
recorded in 1954 and the Harvard radar observations of
1968-69 include no Quadrantids at all.

Shigeno observed the Quadrantids in 1996 and 1997.
His 1997 observations are valuable, because they cover
the descending branch of activity missed by photo-
graphic and radar techniques. The mean magnitude
for all Quadrantids by image intensifier was 2.8 and
this may indicate that the Quadrantids are richer in
bright meteors after the maximum than before, with
mean magnitudes of 3.2 before and 2.3 afterwards re-
spectively. The 1997 observations are closer to the max-
imum when brighter meteors may be abundant. The
Quadrantids seem to be rich in bright meteors. Any-
way, it is very important to note that a short duration
meteor shower could not be detected by all observa-
tional techniques.
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Table 11 — Comparison of magnitude distributions by image intensifier from Shigeno’s expeditions to Australia.

Sporadics 6-Aquariids a-Capricornids
Magnitude | Number | Proportion | Number | Proportion | Number | Proportion
—1~0 1 0.3 1 1.3 1 2.8
0~1 4 1.1 3 3.8 0 0.0
1~2 8 2.1 4 5.0 0 0.0
2~3 13 3.5 8 10.0 1 2.8
3~4 44 11.7 8 10.0 0 0.0
4~5 89 23.7 33 41.3 9 25.0
5~6 161 42.8 21 26.3 21 58.3
6~7 54 14.4 2 2.5 4 11.1
7~8 2 0.5 0 0.0 0 0.0
Total 376 80 36
Mean Mag. 4.96 4.20 5.19

Figure 26 shows the perihelion distributions of the
Quadrantids and the §-Aquariids by image intensifier
during the Australian expedition. It is assumed that the
Quadrantids may be associated with 96P /Machholz 1
and that they are related to the 6-Aquariids. Both per-
ihelia of the meteor showers are far from that of the
comet. The Quadrantid perihelia are distributed par-
allel to the comet orbit and the J-Aquariids perihelia
spread towards them.

2 Ecliptic sources (Antihelion sources)

The so-called antihelion source is not as exact as its
name because it is located slightly east from the exact
antihelion point. They have been called ecliptic sources
(or showers) for a long time which is relevant to iden-
tify their origin. A short period comet (Jupiter’s family)
which produces a meteoroid stream with a low inclina-
tion will be visible as a meteor shower radiating from
near the antihelion point when it crosses the Earth’s
orbit. Such a meteor shower disperses soon and van-
ishes into the sporadic background. Many small parti-
cles revolve around the Sun in the ecliptic plane along
elliptical orbits and they cause ecliptic radiant points
located about ten to twenty degrees east of the anti-
helion point. We will investigate such ecliptic sources
below and select the meteors with 175 < A — Ao < 210
and —15 < 0 < 410 as ecliptic candidates.

We can observe different stages and have difficul-
ties to distinguish an ecliptic meteor shower from the
sporadic background. However the difficulty depends
strongly on the observational techniques. Photographic
and CCD observations can catch only bright meteors
produced by larger particles which might be less per-
turbed than the smaller ones. An ecliptic source will
look younger and more condensed by photo and by CCD
than by radar.

Figures 17 and 18 of Koseki et al. (2010a) illus-
trate the difference between photo and radar observa-
tions. The radar radiants are distributed with a dis-
tinct tendency towards the north-east while the photo-
graphic radiants seem to have some distinct concentra-
tions, Geminids; upper-left (north-east), d-Aquariids;
lower-left (south-east), a-Capricornids; upper-right

(north-west) and Taurids (center). Figures 13 and 14 of
Koseki et al. (2010a) show another aspect of the differ-
ence in geocentric velocity distribution with solar longi-
tude. Photographic observations were carried out dur-
ing almost the whole year while the radar observations
were often interrupted. Therefore it is better to use
photographic data rather than the radar in order to
look for fluctuations in the ecliptic activities over the
year. We can easily distinguish some showers in the ve-
locity distribution, such as the Geminids, d-Aquariids,
a-Capricornids, Taurids and some others (Figure 14 in
Koseki et al., 2010a).

Comparing CCD with image intensifier observations
(Figure 16 and Figure 15 respectively in Koseki et al.,
2010a), showed that the radiant distributions for CCD
are similar to those from photographic data and the
radiant distributions for image intensifiers are compa-
rable with radar radiant distributions. We can derive
the above-mentioned showers easily from the CCD ra-
diant distribution. The Geminids and J-Aquariids are
dominant in the image intensifier radiants although no
distinct concentration for the Taurids or the a-
Capricornids appears. Although the image intensifier
radiant distribution seems to be similar to the CCD
radiant distribution, we should be cautious before con-
cluding that image intensifier observations are equiv-
alent to CCD observations. It is worthwhile to note
that CCD observations have been carried out through-
out the year, each night when the sky was clear, but
image intensifier observations were only possible during
a few nights a year due to its operational requirements
(Koseki et al., 2010a). Image intensifier observations
were done at many occasions during the activity period
of the d-Aquariids and the Geminids. It is suggested
that the radiant distribution for the image intensifiers
is more like that of the radar observations than sug-
gested by the figure.

The ratio of the shower meteors / sporadic back-
ground differs widely from one observational technique
to the other. We cannot treat ecliptic showers as one
and only ANT on the basis of radar radiant distribu-
tions. CCD observations can pursue long and bright
meteor activity and can distinguish some ecliptic show-
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Figure 27 — Geocentric velocity distribution for photo-
graphic meteors for the Solar longitude interval 160 to 270
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Table 12 — Possible meteor activity during the Solar lon-
gitude interval 160-270 in the area of 175 < g < 210,

—15 < 8 < +10.

Group A 160 < Ag <180 20< Vg <30
Group B 160 < Ap <180 30 <V <40
Group C 180 < Ao <195 15 <Vy <25
GroupD 180 <A <195 25 <Vy <35
Group E 195 < \p <215 22< V<32
Group F 215 <A <235 22< V<32
Group G 235 < A <255 20< V<30
Group H 235 < )Ap <255 35 <V, <46
Group 1 255 < Ao <270 20 <V <30
Group J 255 <A <270 30 <V <40
Group K 255 < Ag <270 40 < Vg <50
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Figure 28 — Geocentric velocity distribution for CCD mete-
ors for the Solar longitude interval 160 to 270 degrees.

ers from the sporadic background. There is no need to
make exceptions for the Taurids and the a-Capricornids.
There are no distinct limits in both showers compared
to sporadics (see below). We have doubts about their
unity as they consist of several components. We will
compare the details for image intensifier and CCD ob-
servations for both the Taurids and the a-Capricornids.

2.1 Taurids

Ecliptic sources are rich in brighter meteors and it is
better to use photographic data in the first place to
study the Taurids. Figure 27 shows the distribution of
the geocentric velocity of the photographic ecliptic me-
teors along solar longitude 160 < Ao < 270. We can dis-
tinguish several concentrations from the sporadic back-
ground activity such as A~K in this figure (Table 12).
CCD observations display a similar distribution (Fig-
ure 28).

Figure 29 shows the photographic radiant distribu-
tion in this period divided into six sub-periods corre-
sponding with the groups. It is clear that group J is
the outskirts of the Geminids, K represents the Decem-
ber a-Monocerotids and H may be an unknown shower
and they are not related to the Taurids. Groups D, E
and F correspond to the Taurids and group I may be

-15
210 205 200 195 190 185 180 L-Ls 175

Figure 29 — Radiant distribution near the ANT area from
photographic observations during the Solar longitude inter-
val 160 to 270 degrees.

connected to the Taurids by a weak link with group G.
Groups A, B and C are increments of sporadic activity
and do not have any radiant concentrations.

It is very impressive that the Taurids show two com-
ponents, the so-called Northern and Southern branches.
They are located asymmetrically about the ecliptic
plane and their activity periods do not coincide with
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Figure 30 — Radiant distribution near the ANT area ob-
served by CCD during the Solar longitude interval 160 to
270 degrees.
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each other. However it is said that they share a com-
mon origin. Many hypotheses are possible because of
the uncertainties in the basic scenario of the ‘Taurids’.
It is necessary to determine the statistical significance of
the Taurids not only by photography but also by image
intensifiers and CCD.

Neither image intensifier nor radar observations are
useful to define activity profiles because of their ob-
servational restrictions (Koseki et al., 2010a), but the
radiant distributions in the fainter range cannot be ob-
tained by photography and CCD. Figure 32 shows the
image intensifier radiants during the Taurid activity pe-
riod and it is clear the distribution is similar as for the
radar observations in Figure 33. Fainter Taurids show
no distinct separation into two components and they
are largely hidden in the sporadic background except
for the time of the maximum.

The CCD radiant distribution is shown in Figure 30,
and in this figure, except for the Geminids, both
branches of the Taurids are clearly recorded. The South-
ern branch starts earlier and ends sooner than the
Northern one. The Southern branch is located further
from the ecliptic plane than the Northern branch. This
CCD distribution compares very well with the photo-
graphic results.

Figures 31 and 34 show the distribution of the Tau-
rids’ perihelia for photographic and CCD observations
respectively. The CCD distributions are divided into
six sub-period groups shown above. It is noteworthy to
mention that:

1. The perihelion distribution is elongated along the
ecliptic plane and suggests that the orbital plane
of the Taurids rotates about the ecliptic axis and
not that of 2P /Encke.

2. The perihelion of the ‘Northern branch’ at the
maximum almost coincides with 2P /Encke’s.

3. The perihelion of the ‘Southern branch’ at the
maximum recedes in the distance relative to
2P /Encke’s.

2.2 «a-Capricornids

Shigeno’s Australia expeditions revealed the very
unique nature of the so-called a-Capricornids (Shigeno
& Shigeno, 2004). Former photographic and visual ob-
servations claim that the a-Capricornids are rich in
bright meteors including fireballs. But the image in-
tensifier observations are quite contrary to our common
ideas (see Section 1.6 J-Aquariids in this article).

Ecliptic radiants obtained from the Southern hemi-
sphere observations by image intensifiers are shown in
Figure 25 and the a-Capricornids are distributed in the
range of 170 < A — g < 185 and +8 < 3 < +18. The
center of the distribution is located about A — g = 177
and 8 = 412 (Figure 36), slightly northwestward of the
photographic a-Capricornids (Figure 35). CCD obser-
vations by Ueda (Figure 37) suggest that their radiant
points concentrate between the image intensifier radi-
ants and the center of photographic observations, but a
little bit closer to the image intensifier center.
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The radiant distribution and the recorded number of
meteors for the geocentric velocity distribution plotted
against solar longitude suggest that the a-Capricornids
display one continuous activity, however these observa-
tions are mainly during the later half of the a-Capri-
cornid activity (Figures 38 and 39). The CCD obser-
vations seem to indicate that the a-Capricornid stream
is active for longer than formerly reported. The image
intensifier observations show a slower geocentric veloc-
ity than the photographic and the CCD observations
as well as a decline with time. The radiant- and veloc-
ity distribution as a function of time obtained from the
image intensifier data suggests that this ‘a-Capricornid
stream’ is another one and needs future work.

The radiant distribution and the recorded number
of meteors for the geocentric velocity distribution ver-
sus solar longitude for photographic data might suggest
that ‘a-Capricornids’ consist of two components (Fig-
ure 38). Lindblad (1971) detected two components but
his minor component could not be recognized in the
image intensifier radiants. His major component may
consist of two components and one of them could coin-
cide with the image intensifier a-Capricornids.

This ‘faint a-Capricornid stream’ could be a differ-
ent one from the so-called ‘a-Capricornids’. But, the
distribution of their perihelia shows that they overlap
each other (Figure 40). It is so complex in the ecliptic
activity region that we need future work if we want to
declare the ‘a-Capricornids’ as established.

3 What is the critical definition of a
meteor shower: case of Comae
Berenicids

It is proper to use photographic data to check the con-
tinuity of meteor activity because the photographic ob-
servations were carried out over a longer operation pe-
riod than the radar observations. We define the target
area as 230 < A — g < 255 and +10 < B < +30
for the so-called Comae Berenicid photographic mete-
ors (Koseki, 2009).

Figure 41 shows the geocentric velocity (km/s) dis-
tribution plotted against solar longitude for the photo-
graphic candidate meteors observed during the whole
year. Meteor activity continues over this time with
some slight concentrations but these may be caused by
observational biases or dips.

Figure 43 shows the photographic geocentric veloc-
ity (km/s) distribution in this area for the interval 200 <
Ao < 310, when the activity in this area seems to reach
a peak. We could divide them into the following five
groups according to this figure and to the corresponding
figures for the CCD and image intensifier observations
(see Table 13).

Points in Figure 44 distinguish several clusters in
this period and show a slight concentration about A\ —
Ao = 243 and B = +20. However individual meteors
disperse widely with vague centers. Does this concen-
tration mean that the Comae Berenicids are false or
that they are lasting barely over three months from a
single radiating area?
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Figure 33 — Radiant distribution for radar observations
during the activity period of the Taurids shown in six sep-
arate periods.

+10
X £
¥ gx| & A « « d B
X Xy X
+ ° x X X 4 oo x
i X Da X +5
X ) +© X
X
o o o X X
¢ + R td:lg X X 1e° x °
X x @ X x X
X 1 ° X % X L X
0
o A . =} X 45 x
x A X x t as x * A x LN
X toa O|x
A
X |40
° + %iklag o X XA s
> < & X A -5
e g o G g X 9
o o® #X A X <4 % o X o A
X X ° b X
o |% - lo
| +160<Ls<180 5% X 1
T 0180<Ls<195 3% -
+ RN a195<Ls<215 +
X« 0215<Ls<235 o|
x 0235<Ls<255 a
x255<Ls<270 A
+ X x| A X 15
210 205 200 195 190 185 180 L-Ls 175

Figure 32 — Radiant distribution for image intensifier ob-
servations during the activity period of the Taurids shown
in six separate periods.
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Figure 35 — Photographic ‘a-Capricornid’ radiant point
distribution.
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Figure 37 — CCD ‘a-Capricornid’ radiant point distribu-
tion.
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Figure 86 — Image intensifier ‘a-Capricornid’ radiant point
distribution.
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Figure 41 — Meteor activity for the ‘Comae Berenicids’
area, set as 230 < A\ — A\g < 255 and +10 < (8 < +30,
shown by the geocentric velocity distribution during the
year, by photographic observations.
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Figure 48 — Five ‘Comae Berenicid’ candidates with the
activity assumed from the geocentric velocity distribution
from photographic observations.
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Figure 45 — Radiant point distributions of the ‘Comae
Berenicid’ candidates in ecliptic coordinates shown in five
separate periods, based on CCD observations.

Figure 42 — Meteor activity for the ‘Comae Berenicids’
area, set as 230 < A\ — A\g < 255 and +10 < B < +30,
shown by the geocentric velocity distribution during the
year, by CCD observations.
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Figure 44 — Radiant point distributions of the ‘Comae
Berenicid’ candidates in ecliptic coordinates shown in five
separate periods.
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Figure 46 — Radiant point distributions of the ‘Comae
Berenicid’ candidates in ecliptic coordinates shown in five
separate periods, based on image intensifier observations.
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Table 13 — Meteor activity around the ‘Comae Berenicids’
area.

Group I 200 < Mg < 220
Group IT 220 < \p < 245
Group IIT 245 < A\g < 270
Group IV 270 < g < 287
Group V. 287 < A\ < 310

Ueda’s CCD results give a similar activity profile
(Figure 42) and a similar radiant concentration for the
interval 200 < Ag < 310 (Figure 45). The five clus-
ters in the geocentric velocity distributions are not clear
when compared to the photographic results but the cen-
ter of the radiants seems more distinct than for the pho-
tographs. Meteors during the interval 270 < A\g < 287
display a distinct concentration around A — Ag = 243
and [ = 420 in good agreement with the photographic
indication. So did the CCD observations capture the
Comae Berenicids?

Shigeno’s image intensifier observations complicate
the matter, that is, the image intensifier meteors do
not show a concentration in any area (Figure 46). In
addition to this, radar results show no indication of ra-
diant groups. Meteor activity in this area may be rich
in the brighter range and rather poor in fainter meteors
observable by image intensifiers and radar.

Visual observations (Koseki, 2009) show a similar
profile like CCD observations, that is, the radiants seem
to concentrate around A — Ay = 240 and § = 420,
and the activity declines towards January. There might
be some meteor activity but it is not clear if it is a
single one or some composites. The activities may show
different profiles from CCD to image intensifiers as well
as visual to radar.

4 Why do we need different methods
to observe meteors?

It should be emphasized that the two video devices
have unique properties and that they have different ad-
vantages. In short, image intensifiers can observe the
faintest meteors in optical observations and CCD al-
lows us to record meteors while we are asleep. Image
intensifiers are suitable to study the faint meteor popu-
lation but not for continuous observing. CCD is good to
survey poor but bright meteor activity lasting for many
days but not to register faint and short meteors.

WGN, THE JOURNAL OF THE IMO 38:5 (2010)

There are several other observing techniques to
study meteors such as naked eye, telescope, photogra-
phy and radar (radio) and each of these has different
properties too. It is necessary to treat the results ob-
tained by different methods very carefully in order to
avoid erroneous conclusions. Visual observers and radio
observers may record quite different meteor activities.
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Meteor activity from the Perseus-Auriga region in September and
October

Jiirgen Rendtel ' and Sirko Molau ?

A systematic search was carried out for radiants of high-inclination meteor showers in September and October
based on data collected over eleven years with cameras of the IMO Video Meteor Network. The Aurigids
(206 AUR), with an outburst in 2007, and the September e-Perseids (208 SPE), with an outburst in 2008, were
the most prominent showers. Detailed SPE outburst data of 2008 are presented. Data of the October Lyncids
(228 OLY) and the (-Aurigids (210 BAU) stored in the database of the IAU Meteor Data Center have been
confirmed. Radiant data of the September Lyncids (81 SLY) have been improved, and the activity period of the
d-Aurigids (224 DAU) has been better defined. Two new radiants have been detected: the September-October
Lyncids (424 SOL) and the ¢-Aurigids (425 PSA). All showers are at high-inclination orbits and may be part of

a complex which could be similar to the Kreutz group of comets.

Received 2010 August 20

1 Introduction

In the detailed analysis of video meteor data published
in August 2009 (Molau & Rendtel, 2009) the radiants
in the Perseus-Auriga region in September and Octo-
ber were excluded because of their complex appearance.
In that paper we described the most prominent show-
ers from this region, the Aurigids (206 AUR) and the
September e-Perseids (208 SPE). Further, the Septem-
ber Lyncids (81 SLY) were associated with one of the
radiants found active for only three data bins.

The case of these high-inclination showers was also
selected for a separate paper because of the probable
existence of more than two showers in that region and
in the specified period. Meteor activity from that region
has been the subject of earlier analyses. Those analy-
ses focussed on the question of the relation between the
September Perseids as described by Hoffmeister (1948)
and the J-Aurigids found by Drummond (1982). In the
IMO meteor shower working list, these two showers were
put together for many years as their radiant and velocity
data allowed them to be considered as one continuous
source (Rendtel, 1993). Later, Dubietis & Arlt (2002)
found arguments that these should be considered two in-
dependent sources, with the September Perseids being
active mainly around September 9 and the §-Aurigids
being detectable in early October with a period of very
low activity around 190° Solar longitude. However, the
radiant position found from modern data (video as well
as visual) strongly suggested that the activity in (early)
September occurs from a radiant which is at a different
position from the previously listed September Perseid
radiant. This was strongly supported when an unex-
pected outburst was observed on 2008 September 9,
from a radiant which fits with the September e-Perseids
(208 SPE), which is about 10° off from the (former)
September Perseid radiant (Jenniskens, 2008). The out-
burst observed on 2008 September 9 was centered at

IEschenweg 16, 14476 Potsdam & Astrophys. Inst. Potsdam,
An der Sternwarte 16, 14482 Potsdam, Germany
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08"20™ UT (420 min) and lasted for about four hours
(Jenniskens, 2008; Molau & Kac, 2008). Most mete-
ors were in the magnitude range between +4 and —8.
Table 1 gives a summary of observations around the
September Perseid outburst; a preliminary analysis of
the radiant position and activity profile was published
by Molau & Kac (2008).

For the present analysis we added further video data
obtained to the sample used for the previous paper (Mo-
lau & Rendtel, 2009) and repeated the analysis for the
period between 150° and 215° in Solar longitude (corre-
sponding to August 23 — October 29). The total sample
for this interval contains 168 830 meteors. The number
of meteors per bin of 2° length varies from a low of 1328
meteors (at 191°) to a high of 6000 meteors (at 208° —
the Orionid maximum).

When looking for possible radiants in the Perseus-
Auriga region in the sky, we have to carefully distinguish
them from the activity coming from the diffuse North-
ern Apex source (Campbell-Brown & Jones, 2006; Sono-
taCo, 2009). These apex meteors have velocities which
are quite similar to the high-inclination showers.

As in the previous analysis, we refer to the data
stored in the files of the TAU Commission 22 Meteor
Data Center (IAU MDC) data base and also use the re-
spective designation. All data presented here, has been
confirmed by the TAU Commission 22 working group for
shower designation.

2 Confirmation of radiants from the
JAU data base

First, we checked the radiant and activity data for the
Aurigids (206 AUR) and the September-¢ Perseids
(208 SPE), which we easily detected in the data sample.
Both showers have produced activity outbursts within
the ten years of the video camera network operation
(cf. Rendtel, 2007, for the 206 AUR and Table 1 for
the 208 SPE). Results for these two showers were listed
in the previous paper (Molau & Rendtel, 2009), and
the position and drift can be seen in Figure 1. We
can also confirm the detection of the October Lyncids
(228 OLY). The data fit the entry in the IAU MDC
data base. The activity occurs only in the last portion
of the interval and can be found in Figure 3.
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Table 1 — Observational data of the period centered around the September e-Perseid outburst on 2008 September 9,
covering the period from September 8 (evening) to September 10 (morning). An activity profile derived from complete
data of the IMO Video Meteor Network was published by Molau & Kac (2008). The video data listed below is just to
characterize the size of the sample.

Period SPE Lim. Method Location Observer Reference
uT meteors | magn.
1853-2300 2 ~ video (Sep 08-09) near Venice, Italy E. Stomeo Stomeo,
2300-0200 2 12.1°E, 45.6°N 2008
0200-0342 3
2300-0130 8 6.3 visual (Sep 08-09) Viernau, Germany P. Bader Rendtel,
10.5°E, 50.7°N 2008
0058-0248 4 6.2 visual Potsdam, Germany J. Rendtel Rendtel,
13.0°E, 52.5°N 2008
0455-0555 4 5.7 visual Ames, Towa, USA P. Martsching Martsching,
0600-0700 2 5.7 93.6°W, 42.1°N 2008
0700-0800 9 5.8
0800-0900 16 5.8
0900-0945 5 5.6
0620-1030 25 all-sky video Marshall Space Flight | W.J. Cooke Jenniskens,
brighter —2 Center, 97°W, 38°N 2008
0726-0921 11 wide-field camera Kelowna, BC, Canada | J. Brower Jenniskens,
low-light-level video | 119.5°W 49.9°N 2008
0732-1047 14 2 video Tucson, Arizona, USA | C. Hergenrother | Hergenrother,
111°W, 32°N 2008
0700-1200 4 6.0 video San Diego, USA R. Lunsford Molau & Kac,
117.1°W, 32.1°N 2008
0718-1005 “increased forward met. scatter | Helsinki, Finland E. Lyytinen Jenniskens,
rate” 25°E, 60°N 2008
2245-0055 0 6.2 visual (Sep 09-10) Potsdam, Germany S. Néther Rendtel,
13.0°E, 52.4°N 2008
2357-0215 6 6.2 visual (Sep 09-10) Potsdam, Germany J. Rendtel Rendtel,
13.0°E, 52.5°N 2008
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Two further weak sources listed in the IAU MDC
data base can probably be associated with radiants de-
rived from our data: between September 17 and 19
(174°-176°) we find a radiant at @ = 43°,6 = 465°
with Voo = 54 km/s. This is not far from the position
given for the September 3-Cassiopeids (207 SCS). How-
ever, both the radiant and the velocity do not fit well
and we would not have recognized the case if it were
not in the data base. We did not check the coincidence
in further detail as the source is away from the region
we focussed on.

Another radiant at a = 87°,9 = +49° with V,, = 70
km/s fits nicely with the [-Aurigids (210 BAU) for
which the TAU MDC gives a = 86°,6 = +43° at
67 km/s. Like the previous case, this weak source can
be detected only over three bins between 179° and 181°
(September 22-25). Tts drift is included in Figure 2.

3 Delta Aurigids and radiants in Lynx

The initial question was whether there is a continuous
activity from the Perseus-Auriga region starting with
the shower listed as 208 SPE, becoming the 224 DAU
(0-Aurigids) later in September and October. The J-
Aurigids were discussed in detail by Drummond (1982)
and because of the similarity with the activity in early
September these were considered as coming from one
source (Rendtel, 1993). Analyses of observations later
indicated that there are two distinct sources (Dubietis
& Arlt, 2002).

From the updated video meteor data we checked the
activity from the Northern Apex source which is not too
far from the region. This source forms no defined ra-
diant but rather a scattered area from which meteors
occur on retrograde orbits (Campbell-Brown & Jones,
2006). The size of this region may have a radius of
about 10°. Thus any distinct source should be about
20° away from the (average) North Apex source cen-
ter. We determined this source also from our data and
calculated a mean center and its average drift over the
entire period. At this point we checked for possible
other sources.

First, we come back to the case of the Septem-
ber Lyncids (81 SLY). Already in our previous anal-
ysis (Molau & Rendtel, 2009) we stated that this is a
weak source of short duration which can be detected
only over three bins. Since the data for the entry in the
TAU MDC data base was of low accuracy, we decided
to assign the activity found in our data with the en-
try in the data base. Now, the present analysis shows
two weak sources. In the interval 165-173° we find a
radiant at « = 111°,6 = +56° at 59 km/s which fits
well to the current entry in the TAU MDC data base
(107°,455°,61 km/s). We suggest that this should re-
main the 81 SLY entry (see Figure 1). The short du-
ration shower found in the 2009 analysis—which was
then associated with the 81 SLY—is different as we
find « = 110°,6 = +48 at Vo = 68 km/s. Unfor-
tunately, this is also in the constellation Lynx with
few and no named stars. Hence it is now September-
October-Lyncids (424 SOL, shown in Figure 2) because
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both the September Lyncids (81 SLY) and the October
Lyncids (228 OLY) were already listed. Their radiants
and drifts occur in Figures 1 and 3, respectively.

With the §-Aurigids, we again find two radiants
which both are more than 20° away from the Apex and
also that distance from each other. Both radiants de-
viate from the data listed in the TAU MDC. At 191°
Solar longitude — given as the maximum of the shower
224 DAU, our data show nothing in the respective re-
gion. The two sources we can detect occur later. The
more western radiant fits reasonably with the 224 DAU
data if extrapolated. We suggest a change in the entry
for the 224 DAU and the addition of a radiant which
is named -Aurigids (425 PSA). The respective data
are listed in Table 2, and the positions can be seen in
Figure 3. Possibly, the two radiants we find from the
present video data were not separated in the previous
analyses — although this would not explain the differ-
ence in the activity data.

4 Rejected sources

Three more radiants have been detected from our data.
They are all closer to the apex than the 20 degree limit
mentioned in section 3. Further, the associated activity
expressed in the rate VR strongly varies between neigh-
bouring bins, indicating that the data do not represent
a reliable source. Finally, the deviation between radiant
positions calculated for successive bins also exceeds the
limits set in our 2009 paper.

5 Conclusions

There are several weak sources producing activity from
the region between Perseus, Lynx and Auriga. In the
case of the first of the stronger showers, the Aurigids
(206 AUR), the parent comet C/1911 N1 (Kiess) is
confirmed. The radiant and activity of the Septem-
ber e-Perseids (208 SPE) is also well established, at
least after the activity outburst observed in 2008, al-
though a parent object is not yet known. Further weak
showers with radiants in the same region are the §-
Aurigids (224 DAU) which are definitely separate from
the September e-Perseids (208 SPE). Three radiants in
the constellation Lynx were found. They do not form
a continuous source as their positions in the sky dif-
fer significantly in declination. This becomes obvious
in the summarizing Figure 4. The September-October-
Lyncids (424 SOL) are a new detection. The two show-
ers in Auriga, the §-Aurigids (210 BAU) and the newly
detected t-Aurigids (425 PSA) are of short duration
(detected over three and five bins, respectively). Ex-
cept for the peculiar Aurigids (206 AUR), no parent
objects are known. Perhaps all or some of these show-
ers (130° < 4 < 150°) result from a group of comets on
highly inclined orbits, somewhat similar to the Kreutz

group.
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Figure 1 — Radiants in the Perseus-Auriga region in the period 155-178°. Here we find two considerable showers and the
Northern Apex source. The numbers along the radiant drifts denote the corresponding Solar longitudes. Bright stars of
Perseus, Auriga and Gemini are shown as asterisks.
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Figure 2 — Radiants in the Perseus-Auriga region in the 179-193° period. The numbers along the radiant drifts denote
the corresponding Solar longitudes.
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the corresponding Solar longitudes.
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Figure 4 — All radiants in the Perseus-Auriga region which were detected during the entire period under study. The
numbers along the radiant drifts denote the corresponding Solar longitudes, the three-letter codes refer to the IAU meteor

shower designation.
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Table 2 — Data of the meteor showers discussed in this paper sorted by Solar longitude (J2000.0). (V) refers to the obtained
video data, (L) gives the values of the MDC list. VR is the video rate (explained by Molau & Rendtel, 2009). The last
column gives the number of meteors associated with the shower radiant. Information for the Northern Apex source found

from the video meteor data are given for comparison.

Shower | Peak Ag[°] | Period Ag[°] | Rad. position and drift [°] | Vo [km/s] | Max. | Meteors
(V) (@ V) a Ao 5 A | (V)| (L) | VR
206 AUR | 159 158 156-167 93 +1.1 | 439 -0.1 67 67 3.0 1128
208 SPE | 167 170 162-178 48 +1.1 | +40 +0.1 66 65 3.3 1930
81 SLY | 169 167 165-173 111 +1.8 | +56 —0.0 | 59 62 1.8 530
210 BAU | 180 179 179-181 87 +3.1 | +49 +1.2 70 67 1.8 559
424 SOL | 186 - 186189 110 —-29 | 448 —-0.7 68 - 1.6 237
224 DAU | 198 191 196-203 84 +1.1 | +44 —-04 67 66 1.7 744
425 PSA | 199 - 194-199 107 +14 | +42 -1.1 69 - 2.0 602
228 OLY | 210 206 208-215 113 +3.2 | 453 +0.2 61 66 1.3 516
N.Apex 150-215 +1.4 -0.5 68 68 2408
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Results of the IMO Video Meteor Network — July 2010

Sirko Molau ' and Javor Kac ?

The IMO Video Meteor Network cameras observed for almost 2600 hours of effective observing time and
recorded more than 13000 meteors in 2010 July. The activity of July meteor showers has been studied. The
July Pegasids were active above the sporadic background from July 8 to 16. The a-Capricornids reached their
maximum between July 26 and 29. The activity of Southern d-Aquariids rose sharply after July 24; their
maximum could not be accurately determined due to insufficient data from July 28 to 30. Enhanced activity
of the Perseids from July 14 to 16 was detected on top of the steadily rising profile. Extended functions of

METREC are also described.

Received 2010 August 26

1 Introduction

The favorable observing conditions of the previous
month continued in July. It is therefore no surprise
that 17 cameras obtained meteor records in more than
twenty observing nights. Stefano Crivello even managed
to record during all July nights with his camera STG38.
In total, we collected more than 13000 meteors in al-
most 2600 hours of effective observing time and missed
only slightly the July record of last year (Table 1 and
Figure 1). The data of three cameras are still missing
though.

As usual, meteor activity increased significantly in
the middle of the month. The combination of longer
nights with upcoming activity of the Perseids and south-
ern meteor showers resulted in higher meteor counts.
The monthly average increased from 3.4 meteors per
hour in June to 5.2 in July. Our Australian observer
Steve Kerr was particularly successful again. In the
last few days of July and the first few days of August he
recorded more Southern §-Aquariids than many Euro-
pean observers record Perseids in the middle of August!

Once more, we could integrate a new camera in our
network. HUPOL (a Mintron camera with 3.8 mm f/0.8
lens) is operated south-west of Lake Balaton by two
members of the Nagykanizsa Astronomical Association
and further completes the Hungarian camera network.

2 Unusual activity of July Pegasids
and the Perseids

Two observers reported unusual activity in July again.
First, Christoph Gerber noted increased rates of the
July Pegasids during his visual observation on July 8/9.
A few days later, Enrico Stomeo reported unusual Per-
seid activity in the Italian video data from July 14/15
to 16/17. In the following nights, the Perseids almost
disappeared again.

To confirm these observations, we accumulated the
number of shower meteors over all cameras for each
night, and divided them by the number of sporadic me-
teors. To check the rates in particular near the start of
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Figure 1 — Monthly summary for the effective observing time
(solid black line), number of meteors (dashed gray line) and
number of cameras active (bars) in 2010 July.

the activity intervals, we recomputed the meteor shower
assignment beforehand as if all relevant showers were
active in all of July. In addition, we omitted the data
from Steve Kerr for this analysis as they affected the
Southern §-Aquariids too much. The resulting profiles
are given in Figure 2. Beside the rates for individual
showers, the absolute number of sporadic meteors is
given in the background, to document the size of the
data set for each night.

In the first few nights of July, all four showers have
activity values near 0.05. Recent analyses have shown
that this is approximately the level of the sporadic back-
ground (i.e. of sporadic meteors that match by chance
to a meteor shower radiant). Hence, the analyzed show-
ers were not visible in these nights.

According to our long-term analysis of last year, the
July Pegasids are active from July 7 to 29. Their rate
profile shows only small variations in the full activity
interval, such that the maximum on July 10 is hardly
noticeable. This year, the July Pegasids emerged from
the background around July 8 and remained active at a
low level until July 16. There are no hints for enhanced
July Pegasid activity on July 8/9.
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Figure 2 — Activity profile of the July Pegasids, o-
Capricornids, Perseids, and Southern §-Aquariids in July
2010. Plotted is the number shower meteors per night, di-
vided by the number of sporadics. The absolute number of
sporadic meteors is given in the background.

Next, the a-Capricornids became noticeable around
July 10. Their activity level remained low as well. Only
between July 26 to 28 the number of Capricornids was
significantly higher. That matches well to the maxi-
mum we found in last year’s analysis (July 28; see Mo-
lau & Kac, 2009). The additional peak on July 29/30
may have been caused by insufficient data, because both
the Perseids and Aquariids showed unusually high rates
that night as well.

The Perseids became visible around July 11/12.
That was earlier than what we found in our recent anal-
ysis, when we set the start date to July 14 (Molau &
Rendtel, 2009). As noted by Enrico (Stomeo, 2010), the
rate in the three nights July 14/15 to 16/17 was indeed
unusually high — the number of Perseids increased by
about a factor of two. If the sporadic background is
taken into account, the activity level might have been
even a factor of three higher than usual. In the follow-
ing nights, the rates went back to normal and reached
the same level only on July 22 to 26. As the data set
was sufficiently large in all nights, we assume that the
rate increase is real. It might be an interesting task for
theorists to find the reason for this activity peak at the
start of the Perseid activity interval.

Finally, the Southern §-Aquariids became noticeable
on July 24/25. Their activity rose strongly in the fol-
lowing days, and they soon reached the same shower
meteor counts as the Perseids. However, due to their
southern radiant position, the observing conditions for
the Aquariids are much worse in the northern hemi-
sphere than for the Perseids. Hence, their ZHR was in
fact more than twice as high as the Perseid ZHR. Ac-
cording to our long-term analysis, the maximum of the
Southern §-Aquariids occurs on July 30. From the 2010
data, the maximum time cannot be determined because
of insufficient data on July 28/29 and 29/30.

3 MetRec

As noted before, the Southern J-Aquariids are much
more prominent in the Australian data. On July 31, for
example, Steve Kerr recorded 86 meteors of this shower,
63 sporadics, but only two Perseids. To combine data
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from both hemispheres in a sensible way, it is necessary
to consider the observing geometry. The activity pro-
files presented in our 2009 analysis were based on the
observability function, which expresses how long and at
what altitude a meteor shower radiant is visible at a cer-
tain observing site. The figures were also scaled by the
number of sporadic meteors, as neither the effective ob-
serving time, nor the limiting magnitude, field of view
and other basic camera parameters were known. To
have better analysis options in the future, METREC was
extended in June by two important functions. First, the
software computes the limiting magnitude in the active
field of view each minute and stores it in an extra text
file. In the past, often only longer gaps in meteor de-
tection hinted at partial cloud coverage. Now we have a
detailed limiting magnitude profile for each night that
shows clearly when the observing conditions deterio-
rate in-between or when the sky is fully clouded. In the
second step, the collection area is determined for each
camera. For that, the effective field of view is computed
in square degrees, and converted into square kilometers
at the meteor layer at 85 km altitude. This value is cor-
rected for the distance to the observer (absolute mag-
nitude) and the extinction: The lower a camera points
to the horizon, the larger is the atmospheric surface it
covers, but the more distant and therefore fainter are
the meteors. The larger atmospheric volume near the
horizon reduces the brightness further. By combining
the collection area with the limiting magnitude of the
camera (assuming a population index r of 2.5) and the
observing time, we obtain the effective collection area.
That value is measured in km? x h/r(6:5-m28) and re-
flects the power of a meteor camera much better than
the plain observing time. For simplicity, we will only
use the term km? x h from now on.

For demonstration, we compare the July results of
two different meteor cameras. The first one is the image-
intensified camera Avis2 with a 50 mm f/1.4 lens. It
has a roughly circular field of view of 60 degrees diame-
ter and yields a limiting magnitude of 6 magnitude. The
camera points north of the zenith and covers a collec-
tion area of almost 1800 square degrees, or 6 100 square
kilometers. If that value is corrected by the distance of
the meteor layer and the extinction, the effective collec-
tion area is reduced to 4400 km?.

The second camera is MINCAM1, a relatively old
Mintron camera that is equipped with a 12 mm f/0.8
lens and yields a limiting magnitude of 4.5 magnitude.
This camera covers a surface of almost 1500 square de-
grees. It points lower to the horizon in south-eastern
direction, which results in a collection area of 42000
square kilometers. This figure reduces to 5400 after
correcting for distance and extinction.

Let us now take the data from July 31. The effective
observing time of AvIs2 was 4.7 hours, in which 71
meteors were recorded. The effective collection area was
roughly 8 100 km? x h. MINCAM1 was operated for 6.8
hours, but recorded only 45 meteors. The lower number
of detected meteors can be explained by the smaller
effective collection area — only about 6000 km? x h.

Figure 3 shows the number of meteors divided by
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Figure 3 — Number of meteors for both cameras Avis2 and
Mincam1 in July, divided by the effective observing time in
the corresponding night.
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Figure 4 — Number of meteors for both cameras Avis2 and
MincaM]1 in July, divided by the effective collection area in
the corresponding night.

the effective observing time for both cameras in July.
As expected, Avis2 recorded clearly more meteors per
hour than MINCAM]1, and the hourly rate deviates sig-
nificantly from one night to the next due to the variable
observing conditions. In Figure 4, the number of me-
teors is divided by the effective collection area. Here,
both cameras perform equally well, and the deviations
from one night to the next are much smaller. In total,
the effective collection area of Avis2 in the given July
nights was 123 000 km? x h (with 855 meteors), and that
of MINCAM1 was 58 000 km? x h (with 349 meteors).
Of course, the correction is not yet perfect, but a
large fraction of the camera dependencies are removed
by the new method, and we get a step closer to mea-
surements of fluxes from video data. More about this
method was presented at the IMC 2010 in Armagh.
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Figure 5 — IMO Video Meteor Network camera ARMEFA,
stationed in Berlin.

Figure 6 — Meteor video cameras at Armagh Observatory
(three cameras in back). In front is the three-camera system
of the Polar Bear Telescope.
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Table 1 — Observers contributing to 2010 July data of the IMO Video Meteor Network.

Code Name Place Camera FOV LM Nights Time (h) Meteors

BENOR  Benitez-S. Las Palmas TIMES4 (1.4/50) @ 20° 3 mag 10 17.5 50

BRIBE  Brinkmann Herne HERMINE (0.8/6) © 55° 3 mag 24 87.3 303

CRIST Crivello Valbrevenna C3P8 (0.8/3.8) © 80° 3 mag 28 132.5 613

STG38 (0.8/3.8) ©80° 3 mag 31 124.3 436

ELTMA  Eltri Venezia MET38 (0.8/3.8) © 80° 3 mag 22 102.5 434

GONRU  Goncalves Tomar TEMPLARI (0.8/6) © 55° 3 mag 28 157.8 917

TEMPLAR2 (0.8/6) ©55° 3 mag 28 102.0 424

GOVMI  Govedic¢ Sredisce ORION2 (0.8/8) @ 42° 4 mag 17 62.8 240
ob Dravi

HERCA  Hergenrother Tucson SALSA2 (1.2/4) @ 80° 3 mag 18 38.9 116

HINWO Hinz Brannenburg AKM?2 (0.85/25) © 32° 6 mag 14 55.8 217

IGAAN  Igaz Budapest HUPOL (0.8/3.8) © 80° 3 mag 22 67.2 192

JOBKL  Jobse Oostkapelle BETSY2 (1.2/85) @ 25° 7 mag 13 49.6 626

KACJA Kac Kostanjevec METKA (0.8/8) @ 42° 4 mag 1 0.3 1

Ljubljana ORIONT1 (0.8/8) @ 42° 4 mag 22 79.2 254

Kamnik REZIKA (0.8/6) @ 55° 3 mag 12 60.0 336

STEFKA (0.8/3.8) ®80° 3 mag 14 52.6 239

KERST  Kerr Glenlee GOCAM1 (0.8/3.8) ©80° 3 mag 23 197.4 1797

MOLSI  Molau Seysdorf AVIS2 (1.4/50) @ 60° 6 mag 18 76.7 855

MINCAMLI (0.8/8) ©42° 4 mag 22 91.5 377

Ketaiir REMO1 (0.8/3.8) ©80° 3 mag 25 82.0 239

REMO2 (0.8/3.8) ©80° 3 mag 2 97.6 410

MORJO  Morvai Fiilopszallas HUFUL (0.8/3.8) @ 80° 3 mag 10 35.0 79

OCHPA  Ochner Albiano ALBIANO (1.2/4.5) © 68° 3 mag 2 7.3 15

PERCZ  Perko Becsehely HUBEC (0.8/3.8) © 80° 3 mag 5 25.5 92

ROBBI Roberto Verona FIAMENE (0.8/3.8) @ 80° 3 mag 5 20.9 93

ROTEC Rothenberg Berlin ARMEFA (0.8/6) @ 55° 3 mag 16 53.6 209

SCHHA  Schremmer Niederkriichten DORAEMON (0.8/3.8) @ 80° 3 mag 26 73.0 211

SLAST  Slavec Ljubljana KAYAK]1 (1.8/28) © 50° 4 mag 18 63.1 188

STOEN  Stomeo Scorze MIN38 (0.8/3.8) @ 80° 3 mag 22 124.5 801

NOA38 (0.8/3.8) ©80° 3 mag 21 121.7 799

SCO38 (0.8/3.8) ©80° 3 mag 21 122.0 973

STRJO  Strunk Herford MINCAM?2 (0.8/6) @ 55° 3 mag 11 24.8 71

MINCAMS3 (0.8/8) ©42° 4 mag 15 38.2 129

MINCAMS5 (0.8/6) @ 55° 3 mag 13 34.6 135

TEPIS Tepliczky Budapest HUMOB (0.8/3.8) @ 80° 3 mag 23 96.4 411

Overall 31 2576.1 13282
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Results of the IMO Video Meteor Network — August 2010

Sirko Molau ' and Javor Kac ?

August 2010 was a new record month for the IMO Video Meteor Network: more than 50 cameras were active
during the month, collecting more than 4500 hours of effective observing time and almost 32500 meteors.
New METREC functions are explained and some examples given. Activity profiles of the Perseids, Southern
0-Aquariids, and a-Capricornids are presented throughout July and August.

Received 2010 October 8

1 Introduction

Astronomical conditions were perfect in August 2010 —
the Perseid maximum fell during the European night
time hours of August 12/13, right after the new Moon.
All that was needed was the right weather. There were
marvelous observing conditions indeed — but not at all
observing sites. More southern locations experienced
perfect conditions, whereas more northern observers
were often hampered by clouds. There was a total of
25 cameras with twenty or more observing nights and
often well above 100 hours of effective observing time,
whereas other automated cameras gathered only about
50 hours.

The camera network grew a little further in August.
Erno Berko has joined the network with a new station
in northern Hungary. For the first time we reached a
total of 50 active video systems. At the same time,
we managed to surpass the record breaking output of
August 2009 by a few percent. With more than 4500
hours of effective observing time and 32500 meteors,
August 2010 now ranks first in the long-term statistics
of the IMO network (Table 1 and Figure 1).

2 New MetRec features applied

As reported in the previous month, a new version of
METREC was introduced in July that allows measure-
ment of both the limiting magnitude and the effective
collection area (Molau & Kac, 2010). Some observers
have used this software version already in August so
that we can now present first results from a larger set
of cameras. For this purpose, the observer overview
(Table 1) was reworked.

At first, the field of view (in square degrees) was
calculated for each camera. Cameras with an active
field of view that is smaller than the size of the video
frame (e.g. the circular FOV of an image intensifier) are
marked with an asterisk. In these cases, only the active
field of view was measured.

It is expected that cameras with identical objective
lenses and without obstruction have the same field of
view, which is apparently not the case. For thirteen
cameras with the 3.8 mm Computar lens, the field of
view varies between 5537 and 5632 square degrees, for
example. The average is 5598 £+ 32. The variations
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Figure 1 — Monthly summary for the effective observing time

(solid black line), number of meteors (dashed gray line) and
number of cameras active (bars) in 2010 August.

result from inaccuracies in the determination of the
plate constants, which yields noticeable deviations at
the edges of the field of view. However, the variations
are smaller than they appear at first glance, as the field
of view is a square measure. If the cameras had a square
field of view, the edge length would be 74.8 4+ 0.2 de-
grees. So the error is well below one percent. Simi-
lar variations are observed for lenses with longer focal
length.

On average, the following values were obtained for
the most common Computar lenses:

Focal length [mm] 26 38 6 8 12
Number of cameras 1 13 8 3 2
Field of view [square degrees] 6636 5598 2352 1456 735

In this paper the individual values are reported in
Table 1. In the future only the average values will be
given there.

The collection area is obtained from the field of
view. Based on the observing direction of the cam-
era the number of square kilometers the field of view
covers at 100 km altitude is calculated (discussions at
the recent IMC have shown that this norm altitude is
more sensible than the previously used 85 kilometers).
The collection area is corrected for the absolute meteor
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magnitude and the extinction, i.e. the reduced limit-
ing magnitude for meteors near the horizon (due to the
larger distance from the observer and extinction) is con-
verted into a corrected collection area. The corrected
collection area varies by two orders of magnitude from
200 square kilometers for a camera with 50 mm lens
to over 25000 square kilometers for cameras with a 2.6
or 3.8 mm lens. The average is about 13000 square
kilometers.

The collection area alone does not yet fully char-
acterize the performance of a camera — for that, the
limiting magnitude has to be considered as well. A cam-
era with a smaller collection area but very good limit-
ing magnitude can record more meteors than a camera
with a larger collection area but a smaller limiting mag-
nitude. For those cameras that used already the new
software version in August, Table 1 gives the best stel-
lar limiting magnitudes measured in reality. The val-
ues vary between about 3.5 and 6 mag, where image-
intensified cameras and those with longer focus lenses
naturally have better values.

The effective collection area is finally corrected for
the difference in limiting magnitude to 6.5 mag. That
is, the effective collection area is getting smaller, the
lower the limiting magnitude of the camera. The pop-
ulation index r plays an important role. It describes
by what factor the number of meteors increases when
the limiting magnitude improves by one magnitude. At
this time, a value of » = 2.5 is used. The effective col-
lection area of a camera with a limiting magnitude of
6.5 mag is left unchanged, for a camera with 5.5 mag
it decreases by a factor of 2.5 (down to 40%), and for
a camera with 4.5 mag it decreases by a factor of 2.52
(down to 16%).

The effective collection areas calculated this way and
given in Table 1 represent the real efficiency of the me-
teor camera under good observing conditions. The val-
ues range from almost 1000 up to 4500 square kilome-
ters of effective collection area (normalized to 6.5 mag).
As expected, the highest values are achieved by image-
intensified cameras. However, the gap between these
and the best non-intensified cameras is smaller than ob-
served in reality (based on meteor counts). Thus, the
real average population index will be larger than 2.5.

Finally, in addition to the effective observing time,
Table 1 contains the effective collection area accumu-
lated over time (measured in thousand km® x h). As
most cameras switched to the new software version at
some time in August, the existing measures were ex-
trapolated to the total effective observing time. The
given value reflects not just the efficiency of the camera
(collection area, sensitivity), but also the real observ-
ing conditions, i.e. how long each camera could observe
at the respective site under what conditions (real lim-
iting magnitude). The values vary between 50000 and
300000 km? x h in August. Primary factor was the dif-
ference in observing conditions mentioned earlier which
presented to some sites almost three times more clear
skies than to other sites.
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Figure 2 — Activity profile of the Perseids, Southern J-
Aquariids and a-Capricornids in July/August 2010. Dis-
played is the number of shower meteors divided by the num-
ber of sporadics per night.

Note that these are all first analysis results for the
different cameras. They help us to better understand
the different camera systems and observing sites, and
to verify the new software functions. In some cases the
parameter choice was not yet perfect, so that the quality
of the derived figures will further improve in the future.

3 Preliminary results for the Perseids,
Southern /-Aquariids and
a-Capricornids

After these considerations with respect to camera effi-

ciency, we shall have a short view on the overall me-

teor activity of the major showers. Figure 2 gives the
combined activity profiles for the Perseids (13300 me-
teors), Southern d-Aquariids (2100 meteors) and «-

Capricornids (1300 meteors) in July and August.

Thanks to the size of our camera network, we can now

derive activity profiles of individual showers each year.

Further improved data quality is expected when the

scaling of shower meteor counts is not anymore based

on sporadic meteors, but on the effective collection area
per night.
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Code Name Place Camera FOV Stellar Eff.CA Nights Time Tot.CA  Meteors
[©2] LM [mag] [km’] [h] [10°km®h]

BENOR Benitez-S.  Las Palmas Tives4 (1.4/50) 2359 — — 7129 — 50
TIMES5 (0.95/50) 33 — — 2 26 — 9

BERER Berko Ludanyhalaszi HuLup (1.0/2.6) 6638 — — 8 387 — 228
BRIBE  Brinkmann Herne HERMINE (0.8/6) 2374 — — 25 109.1 — 613
CASFL  Castellani Monte Baldo BwmH1 (0.8/6) 2350 — — 30 138.8 — 471
BMH2 (1.2/4.5)* 4243 — — 29 173.9 — 863

CRIST  Crivello Valbrevenna C3PS8 (0.8/3.8) 5575 — — 22 123.1 — 803
STG38 (0.8/3.8) 5593 — — 29 162.5 — 1112

ELTMA  Eltri Venezia MET38 (0.8/3.8) 5620 — — 28 168.8 — 921
GONRU  Goncalves Tomar TEMPLAR] (0.8/6)* 2188 5.3 2331 26 1728 266.2 1195
TEMPLAR2 (0.8/6)* 2303 5.0 2397 26 164.9 308.8 879

GOVMI  Govedic Sredis¢e ob Dravi ~ ORION2 (0.8/8) 1471 6.0 3916 21 116.5 187.4 960
HERCA  Hergenrother Tucson SALSA2 (1.2/4) 2900 — — 2 1.6 — 8
SALSA3 (1.2/4)* 4332 4.0 1471 26 128.6 150.8 750

HINWO Hinz Brannenburg AxMm2 (0.85/25)* 754 5.7 1306 12 499 49.7 257
IGAAN Igaz Baja HuBaAJ (0.8/3.8) 5600 4.3 3338 16 90.4 272.2 499
Hodmezovasarhely HUHOD (0.8/3.8) 5609 4.2 3031 19 971 189.6 451

Budapest HuPoL (1.2/4) 3929 3.5 1144 23 1025 71.9 404

JOBKL  Jobse Oostkapelle BETSY2 (1.2/85)* 1725 — — 12 64.8 — 852
KACJA Kac Kostanjevec METKA (0.8/8)* 1381 4.0 2246 12 63.9 60.2 269
Ljubljana OrION1 (0.8/8) 1420 5.3 2336 28 1328 147.5 957

Kamnik REzIKA (0.8/6) 2307 5.0 2203 20 91.6 — 911

STEFKA (0.8/3.8) 5540 4.2 2882 19 784 151.9 556

KERST Kerr Glenlee Gocaml (0.8/3.8) 5238 4.0 2215 24 186.2 — 2007
KOSDE  Koschny Noordwijkerhout ~ Licl (1.4/50)* 2038 5.7 3123 5 139 — 264
Lic4 (1.4/50)* 2027 — — 11 475 — 580

Tecl (1.4/12) 741 — — 9 327 — 98

LUNRO  Lunsford Chula Vista Bocawm (1.4/50)* 1860 — — 1 4.3 — 294
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Code Name Place Camera FOV Stellar Eff.CA  Nights Time Tot.CA  Meteors
[°2] LM [mag] [km’] [h] [10°km*h]

MOLSI  Molau Seysdorf AVIS2 (1.4/50)* 1771 6.1 4182 10 38.6 85.5 662
Mincaml (0.8/8) 1477 4.9 1716 22 101.6 101.7 624

Ketziir REMO1 (0.8/3.8) 5592 3.0 974 18 66.2 49.8 257

REMO2 (0.8/3.8) 5635 4.3 2846 17 64.7 93.7 299

MORJO Morvai Fiilopszallas HuFuL (1.4/5) 2522 — — 25 105.0 — 386
OCHPA  Ochner Albiano ALBIANO (1.2/4.5) 1971 — — 26 73.9 — 153
OTTMI  Otte Pearl City OrIEl (1.4/16) 3837 — — 21 125.1 — 644
PERCZ  Perko Becsehely HuBEC (0.8/3.8)* 5448 3.4 1500 23 114.5 103.5 857
ROBBI  Roberto Verona F1aAMENE (0.8/3.8) 5632 — — 26 146.2 — 643
ROTEC Rothenberg Berlin ARMEFA (0.8/6) 2369 — — 19  76.8 — 440
SCHHA  Schremmer Niederkriichten DORAEMON (0.8/3.8) 5537 — — 21 93.7 — 447
SLAST Slavec Ljubljana Kavak1 (1.8/28) 596 — — 22 98.1 — 473
STOEN  Stomeo Scorze Min38 (0.8/3.8) 5631 — — 27 177.6 — 1818
Noa38 (0.8/3.8) 5609 — — 27 1714 — 1762

Sco38 (0.8/3.8) 5598 — — 27 183.3 — 2059

STORO  Stork Kunzak Kun1 (1.4/50)* 1913 5.4 2778 3 18.1 — 722
Ondfejov OND1 (1.4/50)* 2195 5.8 4595 3 199 — 747

STRJO  Strunk Herford Mincam?2 (0.8/6) 2357 — — 15 49.2 — 226
MINCAM3 (0.8/12) 728 — — 13 41.8 — 224

MINCAMS (0.8/6) 2344 — — 16 519 — 405

TEPIS Tepliczky Budapest HuMos (0.8/6) 2375 4.9 2258 17 103.5 134.7 951
YRJIL  Yrjola Kuusankoski FINExcAM (0.8/6) 2337 — 17 614 — 449

Overall 31 4553.3 — 32497

* active field of view smaller than video frame
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