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One of the purposes of the IMO is to publish. We publish WGN, IMC Proceedings, observation reports, handbooks
and various other items such as shower calendars.

Most of these are published on paper, although there is some publication in electronic media. For instance
the VMDB (Visual Meteor DataBase) is online on our website, http://www.imo.net/visual/vmdb.html . We
also allow NASA ADS (http://adswww.harvard.edu/) to put WGN online. The intention is that issues will go
online one to two years after publication, though at the moment there is nothing more recent than the end of
2000 (volume 28).

Publication on paper is convenient when many copies are made at once; it is less cost-effective when a small
number must be produced. We are now faced with this situation, as the IMC Conference Proceedings for 1997
and 2001 are out of print. To reprint these on paper would be too expensive in money and time.

An alternative exists in the form of electronic publication, specifically on CD-ROM. When Mihaela Triglav-
Čekada edited the IMC 2001 Proceedings, she produced a PDF (Adobe Acrobat) file of every paper. It is easy
to put these together on a CD and make it available: we are now doing this with the 2001 Proceedings. Details
can be found inside the back cover.

This venture is an experiment. In the light of experience we may continue it or abandon it. We may also have
to change the price.

I would be interested to receive Letters to the Editor with your opinions on electronic publication. Would
you prefer to have conference proceedings on paper or CD? Would you like to buy each year’s WGN on CD so
you can get rid of the paper? Would you prefer to receive WGN over the internet? This would be impossible at
the moment, as it would require more work in Germany, and the WGN team there are already badly overloaded.
But the only safe prediction about the future is that it will be different from the present, and the Letters page
of a Journal is one way that an organisation works out where it wants to go.

O 5QP R .�-3S�56T"T")1-38*032VULW X 0
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At the June meeting of the American Astronomical Society in Denver, Colorado, the AAS Working Group for
Professional-Amateur Collaboration announced the inauguration of an on-line registry. This will be a searchable
database that allows amateur astronomers to detail their abilities and professional astronomers to make known
their observational needs.

At the moment, the registry is still being developed at http://www.aas.org/wgpac/registry/ but is open to
entries. Meteor observers interested in participating in professional observing campaigns with video, photographic,
or telescopic (CCD) capabilities are encouraged to register.

Peter Jenniskens is Chair of the Pro-Amat Working Group of IAU C22. For details, see WGN 31:5, 166–168.
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The Gnomonic Atlas Brno by Vladimir Znovil is a standard tool for meteor observers. Unfortunately, we are
informed that it is now out of print. If it is reprinted, we will inform you.
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Chris Trayner’s editorials in WGN continue to raise some interesting points. That in WGN 32:3 (p. 65),
concerning the report of a possible superbolide seen crossing a fragment of the solar disc on 1864 October 1
by Frederick Brodie in southern England, caught my attention.

To answer a couple of queries Chris raised, his sketch image was correctly labelled by Brodie (that is, with
‘south’ at the top and ‘west’ to the left edge), assuming he was making a direct observation of the Sun through a
typical inverting astronomical telescope. Brodie’s use of a dark glass wedge reinforces this idea. Although nobody
would suggest using such a solar viewing method modernly, this was a common practice in the 19th century.
Filters for safe direct solar observing need to have been rigorously tested to ensure they cut down both visible
and infrared radiation, sufficiently that the eye will not be irreparably damaged in using them thus.

Brodie also gave the time accurately as 22h30m GMT, since up to 1925, astronomers reckoned Greenwich
Mean Time, GMT, from noon not midnight. This usage is now virtually obsolete, and has been retitled GMAT,
Greenwich Mean Astronomical Time, to separate it from ‘ordinary’ GMT. Since 1928, at the recommendation
of the IAU, GMT has been scientifically referred to commonly as UT or, now, UTC. The sighting Brodie made
was thus at 10h30m UT, a more acceptable time for solar observing. Details on both the solar disc orientation
and GMT/GMAT aspects can be found in the amateur astronomer’s ‘bible’, Norton’s 2000.0: Star Atlas and
Reference Handbook (ed. I. Ridpath, Longman Scientific & Technical, 1989, pp. 57, 82 and 85). For all it seems
modernly ludicrous the time system could ever have sensibly operated any other way, the change of GMT to
GMAT, decided in 1917, but not put into practice finally until eight years later, was not without controversy,
see for instance the comments and complaints recorded on p. 35 of The History of the British Astronomical
Association: The First Fifty Years (ed. H. L. Kelly, BAA, 1948).

In regard to moving ripples in solar haloes, these have featured in WGN several times before (see for example
my own notes in 21:3 (1993), p. 86, 22:4 (1994), pp. 134–136, and 25:2 (1997), pp. 108–114, esp. 113),
and the complete list of such sightings is now maintained by the German AKM halo observing section (see
website www.meteoros.de). I was fortunate enough to have corresponded with, and met, Gunter Archenhold,
who originated the theory these events might be due to sound waves propagated from meteors. Sadly he died
in February 1999, aged 94. His father Friedrich was, among other things, an early pioneer of noctilucent cloud
observing and photography in the late 19th century. The Archenhold Observatory in former East Berlin is named
after him. It houses the massive Great Treptow refractor, with its 68 cm-diameter main lens, reputed to have
the longest refractor tube in the world, and weighing ∼ 120 tonnes!

Possible meteoric or asteroidal objects transiting the solar or lunar discs, but outside the Earth’s atmosphere,
have also been touched upon before in these pages, including in two of my articles on ‘dark meteors’ (WGN
23:3 (1995), pp. 91–96, and WGN 26:3 (1998), pp. 105–108). The second of these two papers also discussed a
pair of modern sightings of intra-atmospheric meteors recorded crossing in front of the lunar disc. It would be
interesting to know if there have been any modern recordings of meteors achieving a transit of the solar disc too.

1 �������������������! "��#%$'&)(����+*-,/.�01&)23����.�0�4-5�67,/��#8��9;:<&=2?>�@<�A��BDCE&E>�9-F�#8��9;:<&HGJIHKL>�5"���M#ON meteor@popastro.com
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A common question asked by new visual meteor enthu-
siasts is where in the sky they should direct their gaze
when observing meteors. When the author first starting
out in meteor observing during the 1970’s, the recom-
mendation was to observe 45◦ in elevation from the hori-
zon and 45◦ off in azimuth on either side of the radiant
you were most interested in that night. The latest IMO
monograph edited by Rendtel et al. (1995) suggests
that observers should look 50◦ to 70◦ up in elevation
and from 20◦ to 40◦ off in azimuth from the radiant,
never directing their gaze at the radiant. The argu-
ments for doing so are usually made in an ad hoc fash-
ion and invoke the notion that the longer trail lengths
of meteors seen further from the radiant are more read-
ily detectable as they trace greater angle swathes in the
sky. The flip side favoring closer to the radiant are
the reduced smearing effects of the meteor brightness
over foreshortened path lengths thus making a given
meteor seem brighter and thus more detectable. The
path length argument tends to win out especially when
one is interested in plotting meteors and a longer trail
length makes plotting accuracies better and subsequent
radiant association more robust. But issues that have
not been clearly addressed are whether the combina-
tion of human perception and look direction have an
influence on the science gathered by these observations.
That is, are the observing recommendations and formu-
lations used in data reduction valid for estimating me-
teoroid stream properties from visual measurements?

Motivation to investigate these issues derived from
the author’s earlier work on determining the best point-
ing direction for video meteor cameras. Using a me-
teor flux simulation code developed for intensified CCDs
with moderate fields of view, Gural and Jenniskens
(2000) showed that directing an imaging sensor towards
the radiant would produce significantly higher counts.
That paper also showed that flying at high altitude,
where extinction is not a factor, leads one to maxi-
mize flux counts by pointing one’s CCD sensor near

1351 Samantha Drive, Sterling, Virginia, USA 20164.
Email: peter.s.gural@saic.com

the horizon. However, human visual perception is more
complicated and difficult to model than a CCD camera.
Humans have a sophisticated image processor built into
their visual cortex that is: (1) specifically tuned for mo-
tion detection and (2) not well modeled in terms of an
analytic function due to the limited number of stud-
ies dealing with night vision. Would a radiant-centric
observing direction for visual observers give enhanced
counting statistics and what impact would it have on
estimating population indices? To answer this question
a meteor flux simulation tool was upgraded to include a
realistic human perception model that closely matched
the performance of a visual meteor observer. Thus one
could examine issues in both meteor data collection and
data reduction in a controlled fashion not subject to the
vagaries of individual perception.

| } ~�uA~3wVv �1{'� y%�F�Bu,{FwRt
The first work on computer simulations of meteors was
published by Van de Veen (1986a,b) and included a sim-
ple cosine model for perception and generated a table of
population index versus mean magnitude. Results from
that early work gave insights into population index esti-
mation through analytic solutions and Monte Carlo sim-
ulations. For the current work, a higher fidelity model
of perception is used and greater sophistication in the
geometric effects influencing the visibility of meteors is
included. Note that the author made a first attempt at
this form of analysis in (Gural, 2003) but the use of a
higher fidelity set of models in this paper renders the
results from that earlier work obsolete. However, the
use of random trials on a computer to obtain the over-
all statistical behavior remains the fundamental tenant
that is common to this and the previous studies.

The software simulation used for this task was a
program developed by the author entitled MeteorSim

that is described in greater detail in (Gural, 2001). To
summarize, MeteorSim is a C language program that
takes a uniformly-distributed random spatial distribu-
tion of particles with a given population index and prop-
agates each particle relative to a specified radiant direc-
tion in space. During the Monte Carlo processing each
particle is (1) propagated with uniform velocity under
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the influence of zenith attraction, (2) tested for inter-
section with the Earth’s atmosphere at a user specified
begin and end height, (3) tested for line of sight above
the observer’s horizon, (4) have a random absolute mag-
nitude drawn from a specified population index distri-
bution, (5) have each particle’s magnitude corrected for
distance fading, extinction, and angular velocity losses,
and finally (6) tested to be above a limiting magnitude
and perception probability, the last having at least a
functional dependence on the elongation angle relative
to the observer’s staring direction. The angular veloc-
ity loss and off-axis perception are two areas where the
modeling was recently upgraded for human observers
(for CCD modeling a unity perception is assumed across
the field of view and the loss terms were strictly pro-
portional to the time a meteor dwells within a pixel).

Three functional capabilities were added to the soft-
ware to obtain (1) statistics of the effective observed
perception given the implemented model in the code,
(2) magnitude distributions and counting statistics for
a single look direction, and (3) flux data for look di-
rections covering the entire sky. Typically one billion
meteors were simulated to obtain good counting statis-
tics of several thousand for a given look direction. This
took from an hour to several days of processing on a 1.7
GHz Pentium IV PC depending on the mode selected.

For the baseline meteor stream parameters, the Per-
seids were chosen to represent an average shower and
also to more closely match the characteristics under
which the perception model measurements were based.
The baseline was thus set at a population index of r =
2.6, begin height of 114 km, end height of 94 km, entry
velocity of 59 km/sec, radiant in the east at an azimuth
of +90◦ and radiant elevation at +45◦. The baseline ob-
serving direction was at an azimuth of +60◦ (30◦ off in
azimuth from the radiant) and look elevation of +50◦.
Deviations from this nominal case will be discussed in
later sections.

� � y%� ��t �b~3vDzJ~��lu,{FwRt � w4xl~��'{'t��
The human visual system is highly adept at detecting
faint meteors in its foveal (central) field and is known
to lose sensitivity as the elongation angle of the me-
teor off the look direction increases. In addition, the
visual cortex has been found to be variably adept at
detecting moving objects both on and off axis and is
a modeling characteristic that is required to properly
account for human visual acuity of meteors. The latter
characteristic can be modeled through a correction of
the magnitude of the meteor as a function of its appar-
ent angular velocity as seen from the perspective of the
observer. The model used was based on the work of
Hoffmeister (1948) where the results of his studies have
been plotted in Figure 1. Below the maximum angular
rate of 51.5◦/s for non-hyperbolic meteors, the magni-
tude gain/loss can be approximated by a linear func-
tion which produces brighter meteors (negative value of
correction) for slower angular velocities. Note that the
maximum angle rate was computed for a maximum en-
try velocity of 72 km/sec, minimum meteor distance of
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80 km, meteor observed in the zenith and the radiant at
the horizon. When running a simulation, one knows the
apparent angular velocity of each meteor from geome-
try and its shower parameters, and thus the magnitude
loss can be easily applied. Note that in Figure 1 the
angular velocity loss of a CCD chip shows a far steeper
magnitude change with greatly enhanced detection ca-
pability for slower moving meteors. This characteristic
of video cameras is the reason for the higher counting
statistics when pointing a CCD sensor near the radiant
where meteors have low angular rates of motion. The
flatter behavior of the human visual system is the first
indication that such an advantage will not be as great
for visual observers.

More significant in proper modeling of the human
visual system is the effect of off-axis perception as a
function of magnitude and elongation angle. Work done
on characterizing the probability of perception for vi-
sual observers by Koschack and Rendtel (1990a,b) was
used to form the basis of the model used in the current
MeteorSim simulation. These two authors have docu-
mented the data reduction of five visual observers whose
measurements had been collected during the months of
July and August around the time of the Perseids. The
data collected from the observers over several nights had
been smoothed and combined into a single table of per-
ception versus elongation angle R and magnitude dis-
tance ∆m from the limiting magnitude. For this paper,
an analytic model was developed to mimic the charac-
teristics of that data set with the details of the func-
tional form given in Appendix A. Figure 2 shows the
comparison of the model to the published perception
data showing a high level of consistency between the
two. The model does accurately portray the percep-
tion across a large range of magnitudes and elongation
angles and deviates from the smoothed data in regions
of low perception and little consequence. It should be
noted that the raw data from the individual observers
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shows a wide variance in perception and this model fits
well within that spread. For the remainder of this pa-
per, the analytic model used herein will be referred to
as the Human Perception Model 1990 (HPM90) as it
is based on the tabulated data in Koschack and Rend-
tel (1990a,b) and will be taken as representative of a
standard visual observer.

In a simulation, the population index and shower
parameters are known, the counting statistics are high,
and the perception gets applied in a consistent and
known fashion. Thus studies in population index es-
timation, ZHR correction, and flux rates can be done
in a controlled environment. For example, the average
perception as a function of elongation angle only can be
obtained directly by comparing meteors detected with
the total known meteors that could have been found
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— outputs easily obtained in the simulation. This con-
trasts with the approach used in (Koschack & Rendtel,
1990a,b) where they needed to make computations for
surface area and corrections for distance. In Figure 3
is shown the average perception function of the two
methods showing a high degree of correlation despite
the different approaches used to arrive at the answer.
The analytic expressions that fit these curves are in-
cluded in Appendix A. We will however, concentrate on
the HPM90 model to examine the methods employed to
correct counts when estimating the population index.

� ��w �]y%�F�Bu,{FwRt sMt%xl~�� ~��#u,{'� �Bu,{FwRt  l{F� z�y�!
� y%�F�Bu,{" R~ zJwRy%tRu,�

The mathematical definition of population index is the
ratio of the integrated numbers of meteors brighter than
magnitude m + 1 to the integrated numbers of mete-
ors brighter than magnitude m (important note: in the
limit of high counting statistics this can be well approx-
imated by the ratio of counts of meteors in magnitude
bin m + 1 to the counts in magnitude bin m). Thus it
was commonplace until the late 1990s to obtain a mag-
nitude distribution from an observation, correct to the
true counts per magnitude bin using the average per-
ception function of Koschack and Rendtel (1990, Ta-
ble 15), form the cumulative counts as a function of m,
and finally fit with a power law function to find the
underlying population index r of the meteor stream.
Regions of low counts (typically negative magnitudes)
and rapid perception falloff (within two magnitudes of
the limiting magnitude) are typically avoided in apply-
ing the fit. Given that the simulation has a very well
determined perception function and excellent counting
statistics, this method was applied to a baseline simu-
lated Perseid parameter data set but found not to be a
reliable estimator of r.

To identify the various sources of counting errors
that could cause the poor performance, one must first
examine the behavior of the simulated data. As seen in
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Figure 4, the geometric and environmental influences on
count statistics such as distance fading, extinction, and
angular velocity losses do not affect the slope of the
line of cumulative counts versus magnitude when the
perception is unity over the field of view. For exam-
ple, the visual angular velocity model induces a gain in
counts (effective shift in limiting magnitude), whereas
the distance losses cause the greatest decrease in counts
followed by the extinction losses. But the slope of the
counts versus magnitude remains fixed at the baseline
r-factor of 2.6. Note however, that when the human
perception elongation sensitivity is included, the counts
deviate significantly from a simple power law function
(i.e. the counts deviate from a linear function in the
semi-log space that has been plotted). It is quite evident
in Figure 4 when the HPM90 model has been used for
the perception, there is no range of magnitudes where
(1) there are sufficient count statistics and (2) the vi-
sual observer’s counts show a power law trend (linear
line segment) covering several magnitude bins.

Herein lies the reason for the attempt to correct the
counts beforehand to obtain the true slope and thus the
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population index. Until recently this was done by di-
viding the cumulative counts by the average perception
function. The average perception as a function of a sin-
gle variable ∆m was used since observers typically do
not record the elongation of the meteor or its altitude
above the horizon and therefore this simplifies the data
collection and reduction. In Figure 5 is shown the result
of having corrected the simulated counts with the two
average perception functions of Figure 3. In the case of
using the HPM90 model, one would have expected the
best possible result since its average perception func-
tion is self consistent with the data simulated. However,
note that when either model is used, the estimate for
the population index between magnitudes +0 and +4
is underestimated by 0.3. Please note that this magni-
tude range is typically used in data reduction and the
slope estimated via LMS linear fit as it has the highest
level of counts. Attempts at other population indices
ranging from 1.5 to 4.5 found that the fit to the slope
also produced a typical underestimate of three tenths
from the true value of r. In a more extreme deviation
from the baseline, using a simulated population index of
r = 3.6, entry velocity of 25 km/sec, and radiant eleva-
tion of 70◦, the underestimate amounted to four tenths.
Thus even in a controlled situation with high counting
statistics and accurately known perception function, the
cumulative counting methodology of population index
estimation runs into difficulty when based on average
perception versus ∆m.

� ��w �]y%�F�Bu,{FwRt sMt%xl~�� ~��#u,{'� �Bu,{FwRt  l{F� � ~3��t
� ~�uA~3wVv � � �Rt%{ u,y%xl~

Since the late 1990s, the IMO has adopted an alterna-
tive method of estimating population index that was
discussed by Kresakova (1966), computer generated by
Van de Veen (1986b), and has been recomputed and
applied by Arlt & Gyssens (2000) and Arlt (2003) to
obtain r for the recent Leonid storms. Each author has
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presented a conversion table that maps the average me-
teor magnitude directly to the population index of the
meteors. The method is elegant in its simplicity but sen-
sitive to the fidelity of the perception model employed.
Discussions with Arlt (2004) indicate his most recently
published table was generated by computing the first
moment of the magnitude distance (mean ∆m) using
as a weighting function ‘the product of the average per-
ception function p(∆m) of (Koschack & Rendtel, 1990b,
Table 15) and the probability the meteor will be a par-
ticular magnitude above the limiting magnitude’. This
is reproduced in equation (1).

< ∆m >= Σδm.p(δm)r−δm

Σp(δm)r−δm

such that δm = [0, 14.5]
(1)

The fundamental idea behind the approach is de-
picted in Figure 6, where magnitude distributions col-
lected by a simulated visual observer (HPM90) show a
drift in the peak counts away from the limiting magni-
tude of +6.5 as r decreases. This is because the larger
numbers of brighter meteors in proportion to the fainter
particles are more readily visible at the larger elon-
gations, which is more detectable for visual observers.
This pushes the ‘hump’ to the left in Figure 6 and low-
ers the mean magnitude to a brighter value. The con-
jecture is that a simply computed figure of merit such
as the difference between the mean magnitude and the
limiting magnitude (∆m = lm− < m >) is uniquely de-
termined for each population index and unvarying with
observing conditions. This also assumes that the pop-
ulation index is constant over the range of magnitudes
that contribute significantly to the mean. Please note
that an issue arises when the population index becomes
small (r < 2.0) and the number of meteors in mag-
nitude classes brighter than −8 begin to significantly
affect the mean. The correct mean normally would
include all magnitude classes with significant counts.
However, when applying the conversion only those mag-
nitude classes with ∆m < 14.5 should be used since the
tables in Appendix A were generated with this cutoff
in the statistical calculations (e.g. use up to magnitude
class −8 for lm = +6.5).

For the MeteorSim simulation it was a simple mat-
ter to run through a range of population indices and
obtain the mean magnitude for each case using the
HPM90 model, the baseline observing/shower condi-
tions, and several billion simulated meteors. The com-
parison of the previously published table of Arlt (2003)
and the simulated results generated herein is displayed
in Figure 7 (the values and analytic fit to the HPM90
model data can be found in Appendix A). In general
the Arlt table, based on the average perception func-
tion of Koschack, again underestimates the population
index by 0.3 to 0.5. It is interesting to note that this
is the same order of underestimation that occurs when
using the cumulative counts approach to r estimation,
which was coincidently corrected with the same average
perception function. Since the new conversion table is
derived from a more general two-parameter model of the
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perception and coupled to the three-dimensional effects
of geometry and loss, it is recommended that this new
result should be used in all future data reduction work
(until such time that a more improved perception model
is developed). In Appendix A will be found the revised
conversion table that is based on the HPM90 standard
observer as both tabulated numbers and in the form of
an analytical functional fit.

Since the mean magnitude approach has now been
calibrated for the baseline scenario of observing condi-
tions, geometry, and the HPM90 standard observer, the
next step is to verify its robustness to deviations from
the baseline. For input population indices of 1.5, 2.0,
2.5, 3.0, 3.5, and 4.0, each of six different parameters
were varied from the baseline shower settings over re-
alizable limits to determine the impact on estimated r-
factors. A mean magnitude was generated and mapped
back to r via equation A-4 in the appendix and plotted
in Figures 8 and 9 versus radiant elevation, entry veloc-
ity, begin/end height, look azimuth, look elevation, and
observer altitude. The latter case effectively involves
a reduction in extinction near the horizon. The resul-
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tant findings show that the mean magnitude method is
very robust to most of these parameter changes as evi-
denced by the flat response of the circular points in the
figures. Note that the gray horizontal lines represent
the true population index and the plotted points are
the estimated values. Typically, for a large variety of
the parameters that were changed, the population falls
within one-tenth of the true value. The one exception is
in the variation with the observer’s look elevation above
of the horizon. At 50◦, where the HPM90 conversion
formula of equation A-4 was calibrated, the estimate
is very good. For other look elevations, deviations of
greater than one-tenth in r are evident in the plots,
and is the first reason for not observing at higher or
lower elevation angles (the second reason that will be
discussed later is for maximizing counting statistics).
The other somewhat problematic area is when the pop-
ulation index is high and the radiant elevation is varied.
High population indices are harder to estimate because
a small variation in the mean magnitude induces a large
change in r. The conversion formula was calibrated for
foveal vision at a radiant elevation of 45◦ and thus per-
forms best there but clearly could be improved for other
elevations. As will be seen shortly, the errors associ-
ated with limited counting statistics overwhelm these
mis-estimations. In general then, the method of mean
magnitude r estimation can be applied confidently for
most any observing conditions encountered.

The last item to consider before leaving the topic of

population index estimation is what standard deviation
can be expected in r given that the counting statistics
are usually quite small, the magnitudes are discretely
binned in steps of unit magnitudes, and the magnitudes
are estimated with an error of as much as a half mag-
nitude. Arlt (2003) presented a similar result showing
strictly the impact of number of counts versus popula-
tion index. This analysis follows a similar methodology
via a statistical estimate of the standard deviation in r
where the total counts observed were fixed over many
Monte Carlo trials. It was found that discretization into
unit sized magnitude bins and having an unbiased uni-
form magnitude estimation error of one-half magnitude
were relatively small contributors (less than 5%) to the
total standard deviation of the population index esti-
mate as compared to simply the impact of low counting
statistics. The standard deviation in r was found to de-
crease inversely proportional to the square root of the
number of meteors used to form the mean magnitude
estimate — as one would intuitively have guessed. A
typical value of σr = 0.014 is found for r = 2.6 and 100
meteors and grows larger for increasing population in-
dex. A generalized formula given arbitrary population
index and meteor counts, is given as expression A-5 in
the Appendix.

� �b~�t%{ u�� � wRylvD��� 	 �BuA~
The corrections for zenith hourly rate (ZHR) for human
visual observations include adjustments for the time pe-
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riod of observation, cloud obscuration, limiting magni-
tude, and zenith distance ‘za’ of the radiant. Of these,
the latter is the only geometric correction term between
the radiant and the observer that has been considered in
standard data reduction efforts. Employing the HPM90
model to examine meteor flux rates under variable me-
teor/observer geometries has indicated that the appar-
ent angular velocity effects of off-radiant observations,
the thickness of the meteor layer, and the look direc-
tion of the observer all significantly influence the ZHR
estimation so that the cos(za) correction is only weakly
valid. Curiously, the perception model itself does not
appear to affect the ZHR, but rather simple geometric
effects come into play and thus may lead to more an-
alytically robust correction formulae. This paper does
not try to formulate these correction terms as this will
require further study and analysis. It does try to point
out the areas where deficiencies can arise and how in
some circumstances one can minimize their influence
by adhering to certain observational restrictions.

The finite thickness of the meteor layer, that is the
separation between the average begin and end heights
of a particular shower stream, and thus the meteor’s
length can cause an overcorrection in the ZHR by as
much as 25% when using cos(za) as the correction term.
This can be seen in Figure 10 where the radiant was
repositioned through various elevation angles and the
meteor flux simulated for various look direction azimuth
offsets (from staring in the direction of radiant azimuth

to 90◦ away). Note that, for the cases run in Fig-
ure 10, the angular velocity loss has been removed to
eliminate its deleterious influence on this stage of the
analysis. Extinction and distance fading losses were in-
cluded however. As can be seen in the plot at the top
where the meteor layer thickness was essentially made
infinitesimal (begin height equals end height), the ob-
served counts follow the well-known cos(za) curve al-
most exactly and independently of observer look direc-
tion. This excellent agreement is because the standard
ZHR correction was derived assuming a very thin at-
mospheric cap in its formalism.

However, when the begin and end heights are set to
the more realistic baseline case of 114 km and 94 km
respectively, as depicted in the plot at the bottom of
Figure 10, the measured meteor counts seriously deviate
above the cos(za) curve over a large range of radiant
elevation angles. Thus if the counts were to be divided
by the standard zenith angle correction term of cos(za),
the result would be an overestimation in the ZHR for
low to moderate radiant elevation angles.

A more detailed analysis shows this effect to be
solely due to the length of the meteors manifested by
their average begin and end heights, and thus it should
be possible to derive a more representative correction
term (in the absence of angular velocity losses) based
on the volume intersected and projection of the meteor’s
full track length. In fact, this may be one contributing
factor for the need to use a non-unity power law on the
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cosine term, that is a cosγ(za) correction seen in papers
published by Prentice (1953), Zvolankova (1982), and
Bellot Rubio (1995). In the case of Figure 10 (bottom
plot) the power that fits the simulated curves extremely
well arises when γ = 0.8.

Note that, for the simulated meteors used herein, the
gamma power is expected to be unity since the meteors
are modeled with a brightness function that is inde-
pendent of entry angle (dustball model) instead of the
brightness being a function of the cosine of the zenith
angle (γ = 2 for solid bodies). Figure 10 (top) shows

that γ = 1 was indeed found when the meteor length
was not a factor and the dustball model is employed.
Clearly then, the detectability of the long meteor trail
enhances the count statistics (especially for lower radi-
ant elevations) and should be accounted for when ar-
guing between dustball and solid body physics. That
is, the meteor length biases the interpretation towards
dustball meteors when one is evaluating visual meteor
observations.

Further analysis indicates that the human percep-
tion model used in this study was not a factor as the
final result is the same when a perception function of
unity is used over a finite field of view. In addition, the
azimuth look direction of the observer does not cause
variability in the counts as evidenced by the tightly
overlapping curves in both plots of Figure 10 when there
are no angular velocity losses.

The meteor count behavior becomes more compli-
cated when the angular velocity loss terms are included.
Now the relative geometry of observer look direction
and radiant direction plays a significant role in the num-
ber of counts seen and an extreme variability in ob-
served counts can occur simply by looking in differ-
ent azimuth directions away from the radiant. This is
clearly depicted in Figure 11 where the curves are no
longer co-aligned and also do not follow the expected
counts curve. In fact, one can see more meteors (but
only marginally so by 2%) when the radiant is high but
not at the zenith and the observer stares at the radiant.
Applying the standard correction term of 1/cos(za) re-
sults in the curves of Figure 12 where overestimation
of the ZHR can be seen for all observer look directions
other than the case staring 90◦ from the radiant. That
particular look direction actually appears to be con-
sistent with the standard correction term down to a
radiant elevation angle of 40◦. Below that altitude the
correction begins to fail for that geometry as well. Thus
the immediate conclusion one draws from this Figure is
that an observer should look far away from the radi-
ant to properly correct to actual ZHRs. However, one
should note that in the next section it is recommended
from a statistical counting perspective that one should
not look that far off the radiant lest they miss a third
of the observable meteors. Thus the twin goals of max-
imizing meteor counts and minimizing the influence of
angular velocity losses on ZHR mis-corrections appear
to meet with conflicting requirements. It would seem at
this time that the former goal should be emphasized for
consistency with past data collection and a more robust
correction formula derived to deal with the angular-
velocity/look-direction ZHR issue. Note that any fu-
ture corrections to remove this issue in ZHR analysis
will require that observers record their look and radiant
directions diligently in all future observing campaigns.

� � ~��#u �FwUw�� x%{Fv,~�z>u,{FwRt
This last section deals with answering the question:
what is the best look direction for visual meteor ob-
servers to maximize their counting statistics? As it
turns out, not all look directions are equally good. For
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example, it is obvious that staring down at a very low
elevation direction towards the horizon is a poor choice
due to the horizon/ground cutting off the observer’s
field of view and the increased magnitude losses asso-
ciated with atmospheric extinction and distance fading
(exception: when the r-factor is very small). Intuitively,
looking at the zenith is also a poor choice due to the
reduced volume of the meteor layer that the observer
can discern (exception: when the radiant is also at the
zenith). Using HPM90 within the meteor simulation
and examining count statistics (normalized per square
degree) for all look directions given a discrete set of
radiant elevations every ten degrees resulted in the fol-
lowing set of observations:

1. For low elevation radiants and an r-factor of 2.5,
to achieve 90% of maximum counts possible, one
should observe between 30◦ and 60◦ elevation
above the horizon and within 45◦ azimuth of the
radiant’s position. For radiants with higher eleva-
tion angles, the observable region grows upwards
in elevation and outwards in azimuth.

2. For higher r-factor than 2.5, the observable sweet

spot decreases in size raising the minimum observ-
able elevation to 45◦ and shrinks the maximum
azimuth extent away from the radiant to ±30◦.
For streams with a lower r-factor than 2.5, the
sweet spot grows in azimuth from the radiant and
the best observing elevation drops closer to the
horizon with severe losses incurred for staring at
the zenith.

3. Observing 180◦ around from the radiant (radiant
towards your back) can incur counting losses of
up to 50% from nominal.

In order to try and focus on a single best choice
under a variety of observing conditions that may be
encountered, one could examine the worse case counts
by combining all the radiant elevation and population
index results into a single plot. For each case of ra-
diant elevation from 20◦ to 90◦ and population index
of 1.8 to 3.8, a normalized flux count relative to the
max counts achievable was obtained. These were then
combined and presented as worse case flux contours in
Figure 13. From the Figure it is evident that the best
overall look direction for maximizing counts is 50◦ in
elevation and ±30◦ from the radiant’s azimuth. Note
that the radiant was set to an azimuth of 90◦ in all the
cases depicted in this paper and thus the peak in Fig-
ure 13 is found between 60◦ and 120◦. For other radiant
azimuths the maximum simply rotates around to align
with the radiant. Thus looking in the general direction
of the radiant is highly recommended. Please note that
the precise lack of symmetry in counts around the ra-
diant’s azimuth and the anti-radiant azimuth (90◦ and
270◦ respectively) is simply due to the limited counting
statistics of the Monte Carlo simulation process. From
the Figure one would actually infer that the best el-
evation angle to look is closer to 40◦. However, any
given local site may have higher atmospheric extinction
than that used in the MeteorSim modeling and, fur-
thermore, there is an innate desire to avoid seeing the
ground cutting off one’s field of view, thus leading to
a recommended elevation angle biased higher than 40◦.
Clearly, however, observing at elevation angles of 60◦

or more can result in a significant loss in total count
statistics.

� � wRt%z��'y%�1{FwRt
The following main points were presented in this paper:

� Using the average perception function in either
the bin-count-correcting or the mean-magnitude
methods of population index estimation results in
an underestimate of the population index by at
least 0.3.

� The mean magnitude method for population in-
dex estimation is found to be very robust to a
variety of observing conditions.

� Recommend using the new conversion formula in
equation A-4 to convert from mean magnitude to
a population index estimate to more accurately
account for human perception.
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� The standard geometric correction of 1/cos(za)
overestimates ZHR by 10% or more depending on
radiant elevation and look azimuth relative to the
radiant direction. This is due to the finite me-
teor layer thickness and the angular velocity loss
behavior of a human observer.

� The best look direction for a human observer is
to observe at an elevation angle of 50◦ above the
horizon and within 30◦ of the radiant’s azimuth.
Staring in alignment with the radiant’s azimuth
does not diminish total meteor counts given the
angular velocity model used herein.

Future work that needs to be addressed includes the im-
pact of higher fidelity light curve modeling on the results
contained herein. Does the fact that the magnitude is
lower at either end of the meteor trail length reduce the
effective atmospheric cap thickness for a visual observer
and thus return the ZHR correction term closer to the
standard 1/cos(za) factor? Is it possible to derive ana-
lytic expressions to account for the angular velocity loss
given the observer’s stare direction relative to the radi-
ant? And lastly, can we further improve the standard
observer perception model to more accurately represent

visual observations? A worthwhile project in this last
area would involve the simultaneous collection of video
observations with experienced human meteor observers.
With a battery of intensified video cameras that reach
to a meteor limiting magnitude of +6.5 one would have
‘truth’ in terms of meteor magnitudes, positions, and
angular velocities. The visual observations could then
be compared with respect to the known data, deriving
two dimensional perception functions and detection sen-
sitivity to angular velocity. These could then be used in
a refined HPM model for simulating and verifying the
corrections one needs to apply to visual observations.

� z �4tlw�� �F~�x��R� ~�tRu,�
This work was initially inspired during a recent Leonid
campaign where the author had the pleasure to discuss
best viewing conditions with long time visual observer,
Robert Lunsford. Bob had instinctively felt that it was
far better from a counting perspective to stare at the ra-
diant in order to increase counts by up to 50%. Based on
the results of this paper that the gain is only marginal
when looking at the radiant, Bob may have uniquely
better perception for slower meteors than standard ob-
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servers. I would also like to thank Stephen Schiff for
providing an English translation of Hoffmeister’s (1948)
key work in angular velocity losses with respect to hu-
man perception of meteors.
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The Human Perception Model (HPM90) used in the
simulation is a two-parameter function of the elonga-
tion angle R in degrees from the central point of vi-
sion and the meteor’s magnitude distance ∆m relative
to the limiting magnitude. It is based on an empiri-
cal fit to the measurements published in (Koschack &
Rendtel, 1990a,b). The expressions include a cutoff in
elongation angle for each magnitude class as the func-
tions used are only valid over a limited range. There
are two functional expressions used to mimic the differ-
ent perception responses above and below ∆m = 3.89
which are reasonably well matched at that boundary.
Note that the expressions in A-1 (overpage) are given
in terms of the base ten logarithm of the perception (i.e
Perception = 10log(p)).

This two parameter perception model can be re-
duced to a single function of the magnitude distance by
averaging over all elongation angles out to 52.5◦. This
was done in a Monte Carlo fashion for high statistical
significance using the baseline scenario and then fit to
an eighth order polynomial. The base ten logarithm of
the average perception < p > for HPM90 is given by
the expression in equation A-2 (overpage).

The equivalent fit for the Koschack and Rendtel
(1990b, Table 15) data is given in equation A-3 (over-
page).

The conversion of the mean magnitude distance
from the limiting magnitude < ∆m > to the popu-
lation index r for the HPM90 model is given by expres-
sion A-4. Note that the mean magnitude is assumed
to be computed for magnitude bins of ∆m = 0.5 up
to ∆m = 14.5 and no higher (e.g. for a lm = +6.5
the magnitude bins contributing to the mean calcula-
tion are +6, +5 +4, +3, . . . , -7, -8 ). This expression is
valid for the mean magnitude range of < ∆m > = 2.0
to 6.5 which corresponds to population indices between
5.0 and 1.4 respectively. The standard deviation in r
given analytically in expression A-5 as a function of the
number of meteors N used to form < ∆m >.

r = 0.9487− 4.643x + 7.0417x2

where x = log10(log10 < ∆m >) (A-4)

σr = [0.0174− 0.003368r + 0.01885r2]/N1/2 (A-5)

Table 1 is based on expressions A-4 and A-5 of pop-
ulation index and its standard deviation versus mean
magnitude, N = 100 meteors, the HPM90 model, and
the baseline shower parameters.
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if ∆m < −2 + R/10 log10 p(R, ∆m) = −6
else if ∆m > 3.89 log10 p(R, ∆m) = 1 − exp(3.7 · 10−5 24−∆mR2.5) forR 6= 0

= 0 forR = 0
else log10 p(R, ∆m) = −1.8104 + 0.707d + 0.0168d2 − 0.0103d3

−0.00689d4 + 0.00111d5

where d = ∆m + 0.11− 0.03R − 0.00057R2 (A-1)

if ∆m < 0.0 log10 < p > (∆m) = −6
else if ∆m > +8.5 log10 < p > (∆m) = 0
else log10 < p > (∆m) = −2.7220 + 1.0317∆m− 0.30865∆m2 + 0.20799∆m3

−0.0832∆m4 + 0.016815∆m5 − 0.0018129∆m6

+0.00010042∆m7 − 2.2553e− 06∆m8 (A-2)

if ∆m < −0.4 log10 < p > (∆m) = −6
else if ∆m > +7.7 log10 < p > (∆m) = 0
else log10 < p > (∆m) = −2.6152 + 1.5254∆m− 0.73561∆m2 + 0.19182∆m3

+0.023254∆m4 − 0.024201∆m5 + 0.0052161∆m6

−0.00048246∆m7 + 1.678e− 5∆m8 (A-3)
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∆m r σr ∆m r σr ∆m r σr ∆m r σr

4.630 2.0 0.0086 3.135 3.0 0.018 2.463 4.0 0.031
4.402 2.1 0.0093 3.044 3.1 0.019 2.427 4.1 0.032
4.203 2.2 0.0101 2.958 3.2 0.020 2.380 4.2 0.034
4.021 2.3 0.0109 2.903 3.3 0.021 2.343 4.3 0.035

6.492 1.4 0.0049 3.856 2.4 0.0118 2.813 3.4 0.022 2.300 4.4 0.037

6.143 1.5 0.0055 3.704 2.5 0.0127 2.746 3.5 0.024 2.246 4.5 0.038
5.798 1.6 0.0060 3.571 2.6 0.0136 2.710 3.6 0.025 2.227 4.6 0.040
5.471 1.7 0.0066 3.446 2.7 0.0146 2.632 3.7 0.026 2.171 4.7 0.042
5.167 1.8 0.0072 3.334 2.8 0.0156 2.570 3.8 0.028 2.133 4.8 0.044
4.885 1.9 0.0079 3.219 2.9 0.0166 2.536 3.9 0.029 2.109 4.9 0.045
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Amongst the available public domain software for me-
teor astronomy, software that calculates a meteor’s or-
bit from radiant and speed data is hard to find. Frus-
trated by this, this author wrote a software application
himself, that is available for download from his website.
It is an application in Microsoft Excel, a widely used
spreadsheet running under Windows.

| ! �l~ "��%v,~3��x#" �l~3~�u
The spreadsheet file, called Metorb08.xls, which is
95 kB in size, consists of three sheets. Sheet 1, called
‘input’, is where the basic data input has to be done.
Sheet 2, ‘output’, gives the output. Sheet 3, ‘refer-
ences’, details which equations from which publications
were used. Consulted publications providing the neces-
sary equations were: Lovell (1954); Whipple and Jac-
chia (1957); Ceplecha (1987); Jenniskens and De Lignie
(1987); and Meeus (1991).

The spreadsheet corrects the observed radiant lo-
cation and the initial speed (V∞) for diurnal aberra-
tion (the rotation of the Earth around its polar axis),
and corrects the speed and radiant location for grav-
itational pull (including zenith attraction). Thus, the
geocentric radiant and speed are obtained. These are
transformed into ecliptic coordinates. After correction
for the Earth’s movement around the Sun, the heliocen-
tric radiant and speed are obtained, and from these the
orbital elements are computed.

� sMt��]y4u xl�BuA�
The spreadsheet asks for input of the following data:

1. geographic coordinates of the meteor;

2. date and time of appearance of the meteor (in
UTC);

3. azimuth and altitude of the apparent radiant, i.e.
flight azimuth and entry angle of the meteor;

4. initial speed of the meteor (V∞);

5. the Earth’s heliocentric ecliptic X, Y, Z position
and orbital speed at the time of the meteor;

6. optional ID number of the meteor.

The necessary heliocentric ecliptic X, Y, Z coordinates
and orbital speed of the Earth can be taken from the

1Diefsteeg 1, NL-2311 TS Leiden, the Netherlands.
Email: meteorites@dmsweb.org

Astronomical Almanac, or calculated using for exam-
ple Planeph 4.2 software, which is DOS freeware by G.
Francou & J. Chapront of the French Bureau des Longi-
tudes, available at: ftp://cdsarc.u-strasbg.fr/pub

/cats/VI/87/ .

� $ y4uQ�]y4u xl�BuA�
The spreadsheet returns the following output:

1. RA and Dec of the apparent radiant;

2. RA and Dec of the geocentric radiant, and the
geocentric speed;

3. the heliocentric radiant λ, β and the heliocentric
speed;

4. orbital elements q, a, e, i, ω, Ω and π;

5. values for 1/a, aphelion distance Q, and the solar
longitude at the time of the meteor;

6. additional information on the orbit, including: or-
bital period of the meteoroid; number of days the
meteoroid was from passing perihelion; in which
node the Earth met the meteoroid; indication
whether the orbit is prograde or retrograde; indi-
cation whether the orbit is elliptic or hyperbolic;
indication whether the orbit is Jupiter-crossing;
and the ratio of the meteoroid’s orbital period to
Jupiter’s orbital period.

� � z�z�ylv,��z �
This is an amateur’s attempt at writing orbital reduc-
tion software. This author does not pretend that the
spreadsheet performs at the level of state-of-the-art pro-
fessional software like the Czech FIRBAL software of
the Ondřejov group (Ceplecha, 1987), and anyone using
it should not expect such professional accuracy. Never-
theless, a test on several photographic multistation me-
teors obtained by the Dutch Meteor Society for which
orbits have been calculated with the mentioned FIR-
BAL software (Betlem et al., 1998), shows that the
spreadsheet performs well.

Three randomly picked test cases are provided in
order to illustrate this: two of these concern very slow
fireballs, for which the effects of zenith attraction and
diurnal aberration are notable. The original orbits have
been published by Betlem (1989a,b; 1993) and the num-
bers refer to the catalogue number in the DMS database
(Betlem et al., 1998). The D′ criterion of Drummond
(1981) is given in each case as a measure of how well the
two computed orbits compare. The results are given in
Table 1.
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Test Case 1: DMS 1988035 (1988 Nov 3, V∞ 16.2 km/s, RA 299 .◦16, Dec +41 .◦05). D′ = 0.0069

Vgeo RAgeo DECgeo q a e i ω Ω
METORB08 11.8 293.69 +37.88 0.992 2.35 0.579 15.49 179.70 221.75
FIRBAL 11.9 293.67 +37.89 0.992 2.40 0.587 15.63 179.67 221.75

Test Case 2: DMS 1989001 (1989 Feb 7, V∞ 18.9 km/s, RA 126 .◦84, Dec +63 .◦60). D′ = 0.0020

Vgeo RAgeo DECgeo q a e i ω Ω
METORB08 15.1 134.06 +64.02 0.899 2.21 0.594 16.97 220.32 319.15
FIRBAL 15.1 133.64 +64.12 0.900 2.23 0.596 16.94 220.04 319.15

Test Case 3: DMS 1993004 (1993 Mar 15, V∞ 26.9 km/s, RA 290 .◦96, Dec +57 .◦22). D′ = 0.0049

Vgeo RAgeo DECgeo q a e i ω Ω
METORB08 24.4 294.48 +56.70 0.952 2.03 0.530 40.69 151.22 354.60
FIRBAL 24.3 294.41 +56.74 0.952 2.01 0.526 40.57 151.24 354.60

A B "DC E%FHGJI�C "DK
LJCNM-O#"PI�CNCQG
The author has made the spreadsheet available for use
on his website. It can be downloaded from URL:
http://home.wanadoo.nl/marco.langbroek . When
results obtained with the spreadsheet are used in pre-
sentations or publications, this WGN paper should be
cited.

On the same URL, several other meteor-related
Excel applications can be found. The application
d crit.xls for example compares two sets of orbital
elements using the D’ criterion of Drummond (1981).
An earlier version of the Metorb spreadsheet, called
Metorb07.xls, calculates orbital elements from a geo-
centric radiant and speed. A spreadsheet geo rad.xls

converts an apparent radiant to a geocentric radiant
(Metorb08 is the integration of both these spreadsheets
into one).

R SJT2U E#V W/C#O�X�Y C U G "
Marc de Lignie, Casper ter Kuile and Carl Johannink all
contributed in problem-solving during development of
the spreadsheet, and/or helped gathering publications
on orbital determination. I am much indebted to them.
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17h56m uqv w λ�
w QRx2h 2000.0 y = 283 .◦16 y j
lzO0F FSa.@0@0QRFsDLQRN m b DLB.Q O;i9O`>ACgO m CAQ�ILQRFSa.C{D�FUj
P2QUILB$O`P$F l�>{DLB O`T |z}~=q�

∼ 140± 15
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9h � 12h O9G�DLQUI
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QUILQqT.K`D�O m CAQ?GJK0IzO#TXa.M m QUI
K`G�FSP2K0I�O0Nf>g]z�$ILQ m O`CACgFUj0DLB.Q m QRFsDS�4FSQUQUTHK`G�l�B.>g]�BHlzO0F�K0TH[ O`I�]�B � tX� �U�$j0O9D
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QRFsDLQUILT�Vf]�K`DSDL>gFSB6M�O`>AT.CgO`T$NHK`G�DLB.Q uq� h

��QR]�QU>Ai0QRN6c`d0d`� Y?P.IL>AC�c`�
� � U G LJE2Oq� S G.�/E U
Various problems over recent years for the author have
forced a revision in how these report articles are pre-
sented. The format has now shifted from a bimonthly to
a quarterly review of highlights from the data received.
In addition, due to greatly increased quantities of radio
data, it is no longer possible to continue the very de-
tailed Forward Scatter Meteor Year analyses. Instead,
regular attention will be concentrated on examining ra-
dio data during the following periods:

The Quadrantid maximum in January; the January
20–26 period; the Lyrid maximum in April; the η-
Aquarid maximum in early May; the June daytime
streams peaking in early to mid month; the June Boötid
/β-Taurid epoch in late June to early July; the SDA
and CAP maxima in late July; the Perseid maximum in
mid-August; the September 15–17 period; the daytime
Sextantid maximum in late September; the Draconid
epoch of early October; the Orionid maximum (includ-
ing the occasional October 17–18 peak) through to the
potentially enhanced Taurid rates in late October; the
Leonid and α-Monocerotid maxima in mid-November;
the Geminid and Ursid maximum epochs in December.

Dependent on the nature of the source and the du-
ration of its stronger activity, each epoch will last some
5–10 days, to provide comparison data some way be-
fore and after the peak, or the suspected active period.
Other times of interest, when unusual activity may have
manifested, as identified by observers or following pre-
dictions in specific years, will be checked too.

The volume of radio data now being presented
means it is necessary and desirable to include more
stringent quality-control measures, to ensure the analy-
sis of the raw data advocated in these reports over the
last decade, continues to produce meaningful results. In
this and future analyses, radio data recorded continu-
ously, where periods of interference or other problems
were clearly identified, will be given greatest weight.
Other results will have increasingly less weight away
from this ideal. However, it has become obvious in
recent years that not all radio systems have success-
fully detected even the major showers. Consequently,
all radio data will now be checked near the stronger
major peaks of showers detectable from the observer’s

112a Prior’s Walk, Morpeth, Northumberland, NE61 2RF,
England, UK. Email: meteor@popastro.com

location. Systems which show little or no enhancement
during the shower’s peak, or which reveal significantly
anomalous diurnal activity beyond what is normally
seen from the sporadics, will not be considered viable
for further investigation after that, until the next major
shower, when a fresh test will be made. Systems not op-
erated continuously will be checked only after the other
data, primarily for confirmation of any details already
established, where that has been achieved, or to assist
during times of serious interference.

Those datasets with obvious unidentified interfer-
ence, where interference periods were not recorded, or
where there was some other problem or doubt regarding
the results, will not be used at all. While all observers
will remain listed, and rightly thanked for the effort in-
volved in even trying to make some radio observations,
and ensuring they are made more widely available, the
radio hours’ totals given in this and subsequent reports
will show only the amount of viable data.

� � I�C �z��M�L G CNL��,� G E-G M-WS� M U O E��k�DCNLf��CNL$�
Table 1 gives the monthly tallies for the first quarter of
2002.

Lunar circumstances were very poor for the Quad-
rantid peak, with a waning gibbous Moon on January
3–4. Then the weather seems to have been a greater
problem in the rest of the quarter, aside from the dis-
traction of Comet Ikeya-Zhang (C/2002 C1) in March,
that is.

The radio data came from Dirk Artoos (Belgium)
and the following Radio Meteor Observation Bulletin
(RMOB; website: www.rmob.org) observers, whose
data was provided by editor Chris Steyaert, from
RMOBs 102–104, 2002 January to March, inclusive:

Enric Fraile Algeciras (Spain), Mike Boschat (Nova
Scotia, Canada), Jeff Brower (Colorado, USA), Mau-
rice de Meyere (Belgium), Minoru Ehara (Japan),
Ghent University (Belgium), Patrice Guirin
(France), Toshihide Miayake (Japan), Stan Nelson
(New Mexico, USA), Hiroshi Ogawa (Japan), Sadao
Okamoto (Japan), Robert Savard (Quebec, Canada),
Dave Swan (England), Pierre Terrier (France),
Garfield Tsao (Taiwan, China), Ilkka Yrjölä (Fin-
land).

The video results came from observers submitting data
to the German Arbeitskreis Meteore (AKM; website:
www.meteoros.de), as reported in their journal Mete-
oros 5:2–5:4 (2002) inclusive, sent in by Ina Rendtel:
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Month Visual QUA Meteors Video Video meteors Radio
January 69h 318 640 625 .h3 3 880 5010h

February 53 .h5 – 291 382 .h5 2 616 4209 .h5
March 24 .h6 – 97 469 .h5 2 787 5318h

Orlando Benitez-Sanchez (Canary Isles), Steve
Evans (England, who also provided preliminary
notes on his Quadrantid observing directly), Detlef
Koschny (Netherlands), Rob McNaught (New South
Wales, Australia), Sirko Molau (Germany), Mirko
Nitschke (Germany), Steve Quirk (Australia),
Jürgen Rendtel (Germany), Ulrich Sperberg (Ger-
many), Rosta Stork (Czech Republic), Jörg Strunk
(Germany).

Visual observations were produced by:

American Meteor Society (AMS; website:
www.amsmeteors.org) reporters, extracted from
summaries in the AMS’ journal Meteor Trails 16
(September 2002), sent via editor and active observer
Bob Lunsford (California, USA): Jure Atanackov
(Slovenia), Edwin Jones (Arizona, USA), Tomislav
Jurkic (Croatia), Javor Kac (Slovenia), Thomas
Lazuka (Illinois, USA), Pierre Martin (Ontario,
Canada), Paul Martsching (Iowa, USA), Bert Ma-
tous (Kansas, USA), Jim McGraw (Iowa, USA), Jure
Zakrajsek (Slovenia); AKM members (all in Ger-
many): Frank Enzlein, Christoph Gerber, Daniel
Grün, Martin Hörenz, Ralf Kuschnik, Hartwig
Lüthen, Sven Näther, Jürgen Rendtel, Roland Win-
kler; Terry Churms (England), Jonathan Shanklin
(England).

N O M U ��M�L!P
The main interest during the month centred on the
Quadrantid peak, due around 18h UT on January 3
(McBeath & Arlt, 2001, p. 2). Bright moonlight, and
typically poor northern-hemisphere winter weather did
little to assist visual watchers, although even the ra-
dio coverage was a little patchy. This latter was not
helped as the maximum timing coincided with part of
the Quadrantid radiant’s lowest elevation during the
day for European observers, as Figure 1 illustrates.

The impression from most European radio datasets
was similar to that in Figure 1a), with two peaks on
January 3–4, separated by something of a dip, in time
to the lowest Quadrantid radiant elevation. This of-
ten indicates stronger activity was actually occurring
throughout the interval, though not always. In North
America (Figure 1b), two peaks of a different character
were found, while in Japan, just a strong, single maxi-
mum occurred on January 3 (as shown in Figure 1c).

Close inspection of some European datasets indi-
cated a minor peak during the radiant elevation’s low-
est time on January 3, which, in conjunction with the
North American and Japanese data, suggested this was
close to the real maximum. The few visual results
from the same interval in Europe implied a maximum
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around January 3, 18 .h2 UT. A crude estimate of the
mean time of the various outlying European radio graph
peaks, and the one North American dataset, gave Jan-
uary 3, 17 .h75 UT. A similarly crude average time for
the peak ZHRs recorded by Japanese visual observers
(Ogawa, 2002), yielded January 3, 17 .h94 UT. Combin-
ing all three averages, suitably weighted based on the
agreement between different individual datasets, gave a
rough Quadrantid maximum mean time of January 3,
17 .h94 (17h56m) UT, equivalent to λ� = 283 .◦16, iden-
tical to the anticipated peak time. This is a pleasing
result, if not an ideally-measured one. The radio data
does at least infer a rough near-consensus for a peak
between 17h and 20h UT then at least.

Individual visual ZHRs showed a large scatter, be-
cause of the low radiant elevation for Europe (and the
bright Moon over Japan in the results previously pub-
lished). A best-estimate, using r = 2.1, implies that a
peak value of ∼ 140±15, gives a useful ballpark figure, if
one which may be somewhat inflated due to conditions.

There was no evidence in the post-maximum phase
for any visual-radio signature of the possible second,
weaker, maximum in the Quadrantids, some 9h–12h

after the chief peak, in 2002. This secondary maxi-
mum was suggested by results from 2000, 2001 and 2003
(McBeath, 2000, 2001b, 2003).

The January 20–26 interval, perhaps producing
rates from the minor January Coma Berenicids (cf.
(McBeath, 2001b)), had a bright waxing Moon to con-
tend with, and few visual watches were received as a
result. In the European radio data, a minor peak was
apparent around January 23 (λ� = 303◦–304◦), which
has been found for some years (McBeath, 2001a). The
paucity of visual data is unhelpful in confirming if this
may have been due to any potential January Coma
Berenicid activity, unfortunately.

� �2C��
L$��M�L!P M U O � M�L S I
Both months provided the typically low activity ex-
pected of them for northern-hemisphere visual and ra-
dio observers. The main items of interest were a number
of fireball sightings, as has been the case during both
months in several years recently.

February 3/4 and 4/5 brought two bright fireballs
for British witnesses, at the oddly coincidental time of
∼ 06h50m UT on both dates. That on February 4/5 was
seen from three sites in northern England and southern
Scotland, but none of the observers was able to give a
detailed enough account to allow a rough trajectory to
be estimated.

Three more fireball sightings were received from cen-
tral and northern England on February 8/9, about
01h29m UT, on a magnitude −8/− 10 meteor. Two of
the observers were able to provide useful positional de-
tails, which showed the fireball descending almost ver-
tically in the northern sky from the English Midlands.
Regrettably, these two viewers were too close together
to reliably triangulate to the trail, but the direction and
elevation in the sky suggested the fireball may have
passed above north-west England, and probably over
part of southern Scotland too.

Of March’s fireballs, only one was seen by multi-
ple witnesses, a magnitude −5/ − 6 event on March
13/14, around 19h54m ± 2m UT, from locations across
northern England. Rough positional data, collected by
the four observers involved, indicated the meteor had
probably passed overhead across the Inner Hebrides and
surrounding seas, and the central-western Grampian
Mountains on the Scottish mainland. With all sight-
ings from the southern side of the fireball’s track only,
and all considerably distant from it, it cannot be more
precisely defined than this. Interestingly, three of the
four observers were out examining Comet Ikeya-Zhang
when the fireball flew over, the comet by chance being
in the same general area of the sky as the fireball for
all the people involved. Typically, the author, otherwise
ideally-situated to have seen this meteor, retired indoors
from a session observing the comet around 19h45m UT.
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Grateful, if rather belated, thanks are expressed again
to all contributors to this report.

Z CNF[CNLJC U
S C��
McBeath A. (2000). “SPA Meteor Section results:

January–February 2000”. WGN, 28:6, 232–236.

McBeath A. (2001a). “The forward scatter meteor year:
2001 update”. WGN, 29:3, 85–92.

McBeath A. (2001b). “SPA Meteor Section results:
January–February 2001”. WGN, 29:6, 224–228.

McBeath A. (2003). “SPA Meteor Section results: Pre-
liminary 2003 Quadrantid report”. WGN, 31:2,
64–68.

McBeath A. and Arlt R. (2001). 2002 Meteor Shower
Calendar. IMO, Potsdam.

Ogawa H. (2002). “Quadrantids 2002 in Japan — final
announce — (visual observation)”. IMO-News e-
mailing list, 2002 January 11.



��� � � � � ������� �
	���
������ 	�� ����� ��� � ������� �����
�����

� � � � ��� �

'�(�(
	 ������� � �
�o	������
� ��������� ��� �
����� ����� ����� ".
%����������	������ ��� ����	�
%� �
�
� � �k� �����~"�� ������������� ���! �
%���
" :0/^:03 #�:%$&$�1 -('Z:%$�-

1

Y P.ILQRNf>g]^DLQRN QUT$]�K0a.TEDLQUI#l�>{DLB DLB.Q �R�.�*).jz�R�Ec%+fjz�R� t d.j�O`T$N �R� t%, Nfa$FsD�Q.-sQR]^D�O K`Gq]�K0M Q�D0/;W � W%K0T$Fs�21 >AT.T.QR]�n0Q�K0T c`d0d`�_0a.T.Q\c t lzO0F#K m FSQUILi0QRN GJILK0M 3
O`CA>{GJK0ILT.>gO\a$FS>AT.@ O CAK9lz��ILQRFSK0CAafDL>AK0T FSCA>{DS��CAQRFLF�FSP2QR]^DLILK0@0I�O`P.B�h VX>{r FSCAK9l _0a.T.Q54
K%6`DL>gN.F#K`GM�O`@0T.>{DLa$NfQ
7kd.h ��DLK87ocfh t l
QUILQkILQR]�K0I�NfQRN >ATHDLB.Q
17× 13

NfQU@0ILQUQq�$QUCgN�K`G�iX>AQUl m Q�Dsl
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Sergey Shanov and Sergey Dubrovsky (2004) pointed
out that, on 2004 June 23, the Earth was to meet a clus-
ter of dust trails from comet 7P/Pons-Winnecke ejected
in 1819, 1825, and 1830 with a predicted peak time at
09h30m – 13h00m UT. Various distorted sections of the
dust trails could lead to other encounters at 14h00m,
15h30m and 18h00m UT. Mikiya Sato (Sato, 2004) put
the predicted peak between 12h30m (1830, 1825) and
19h30m UT (1813), depending on the dust trail ap-
proaching the Earth. Jeremie Vaubaillon (Vaubaillon,
2004), using massive-parallel supercomputing
techniques, found a broad distribution of dust with a
peak time centered on 11h00m UT. Rates were expected
to be less than the outburst of 1998.

Visual observers reported an outburst of June
Boötid meteors from about June 22, 20h UT, until June
23, 23h UT (ZHR > 3), peaking at a rate of ZHR =
18 ± 2 at June 23, 10h ± 1h UT, with a full-width-at-
half-maximum of 12 ± 2 hours (Shanov & Dubrovsky,
2004). The outburst was barely detected by forward
meteor scatter stations of Global-MS-Net, suggesting
that the shower was not rich in faint meteors. Figure 1
shows the counts by Esko Lyytinen in Finland. Indeed,
the magnitude distribution index for the June Boötids
was found to be only r = 2.3± 0.2, with rS = 3.2± 0.3
for the sporadic meteors observed in the same period
by the same observers.

� E �F@�G�> >��k�:G�=f�IH�;.�.><9q� JK=?><L M H&NS�.JK>O=P9q�.H
The outburst occurred at the time of the SOFIA Up-
per Deck Science Opportunities workshop (June 22–23),
providing a nice illustration of the kind of research pro-
posed for future observations from the upper deck of the
B747 aircraft that will be the Stratospheric Observatory
For Infrared and Sub-millimeter Astronomy (SOFIA).

On the night of June 23, I deployed from my back
yard in Mountain View, California (Longitude 122 .◦1 W,
Latitude +37 .◦4 N) a slit-less spectrograph called
‘BETSY’, which is an intensified video camera (an
XX1332 Image Intensifier coupled to a Hi-8 Sony CCD-

1SETI Institute, 515 Whisman Road, Mountain View, CA
94043, USA. E-mail: pjenniskens@mail.arc.nasa.gov
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R�YG.YqKVC5).Y6UG::V
q1wcj R�675Eg wcVsV>::Q^TIV\Y
r
.lYGA%0?2sR�Y.WKdtTF.lUG: k`R�H]R�6:VKWeVjk!i/f
3 R�2Y0:VKW_W1A^R�2ZVC5 U.Q =
R�UGAB: UG::Q*WeV0XgY.Q8= UG::V0u V9b DdbOYG2lU^d�}�z8z�c9e
j X RKT&Rbd4}�z8z�c�MFh

TRV69E PAL Handycam Vision camcorder) with a ‘De
Oude Delft’ f = 105 mm f/0.75 RAYXAR lens and a
230 lines/mm grating. The field of view is 17 × 13 de-
grees. Because of city lights, the lens was stopped down
to perhaps f/1.4 and the star limiting magnitude of the
camera was about +6.3.
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Observations were made from 07h30m30s to
08h38m25s UT, from 09h25m09s – 10h53m24s UT, and
from 11h21m58s – 11h55m00s UT. Six characteristically
slow June Boötids were detected at 07h36m36s (mag-
nitude +1.8), 07h37m37s (+0.4, wake at end and faint
spectrum), 08h14m11s (+2.3), 09h32m33s (+2.2),
10h19m23s (+1.4), and 10h45m05s (+2.2) UT. Mag-
nitudes were derived by comparing the integrated in-
tensity of the meteor images (400–880 nm) with those
of nearby stars, and calibrated to the V-magnitude of
those stars. In addition, sporadic meteors (all much
speedier) were detected at 08h38m22s (+1.7), 09h41m21s

(-0.9, consisting of two fragments trailing each other,
spectrum), 09h57m10s (+3.3) and 10h29m50s (+3.0), all
times UT.

Bob Lunsford noticed that many meteors appeared
to peak at +2 magnitude (+2.20 on average). All my
June Boötids, too, are between magnitude +0.4 and
+2.3, with a noticeable lack of meteors in the range
+3 and +4 magnitude, which should have been de-
tected. This suggests that the distribution may not
have been exponential towards fainter meteors. That
would be consistent with the relative poor showing in
meteor scatter observations.

My two first meteors occurred one minute apart.
Bob Lunsford, who observed from Pine Valley in south-
ern California, saw flurries of June Boötids at 09h13m

(5), 09h37m (6), and 10h30m UT (5) from a location
about 600 km further south from my site. However, I
did not detect June Boötids during the time intervals
reported by Bob, suggesting that any clustering of me-
teoroids occurred on a spatial scale of less than 600 km.

The June Boötids are compiled in Figure 2 by aver-
aging sets of four frames and pasting those together into
a single image, then matching the different video fields.
A high-pass filter was used to remove the sky back-
ground. A sharp radiant is found at about α = 232 .◦0,
δ = +49 .◦5 (read from a star chart), mostly determined
by the final June Boötid at 10h45m05s UT, when the ra-
diant was at an elevation of 27◦. With a theoretical geo-
centric entry speed of 14.1 km/s, the zenith attraction

Q�R'S�T>UG&�	c*ct�::VCc#z8zC*�
�
8z-6?= W1H�V%A\UeYG0?= Dh2ZV\XgUSU.Q
YG. X :(UmMOQ�XtUG::V
}�z8z�c)k80?6:V }�{bd

10h23m02s
upt k80?6:Vpx�Q���UG.'5?htqL6759. 3 .'590]R�2�W1H�V%AmnUeYFR R�Y.V�59.ZW1H?2sR�AKVC5
XmQ�Y�A%2sR�YG.lULK(h�t�::Vp=
V\U.VKQ�Y<R�H?H�V^R�Y.VC5
�u0:W2UOQ80%U1nW1.'5%V!UG::V��]V%2'5 Q�X 3 .ZV\TAh

is 3 .◦3, putting the true radiant at about α = 227 .◦3,
δ = +48 .◦1 (J2000). This result will be improved after
astrometric reduction, which is postponed until later.

Sato put the radiant of the 1830-1 dust trail at
223 .◦0, +47.1 (vg = 14.14 km/s), that of 1825-1 at
223 .◦0, +47.0 (14.13 km/s), and that of 1813-3 at 223 .◦1,
+47.0 (14.10 km/s), that of 1813-2 at 223 .◦1, +46.9
(14.10 km/s). Hence, there is a significant discrepancy.
The observed zenith attraction appears to be about two
times larger than calculated.

N �
>�� =?G��:><N��A;��.><9 ���
GtBD;�=?H
Two low-resolution spectra from June Boötid meteors
just outside the field of view were recorded at 07h50h07s

and 10h23m03s UT, while a partial spectrum was mea-
sured for the +0.4 magnitude 07h37m37s UT meteor.
From the relative intensity of the sodium line intensity,
I deduce that the meteors just outside the field of view
were magnitude -0.3 (07h50h07s) and -1.7 (10h23m03s

UT), respectively. These magnitudes are in the range
of those reported by visual observers.

The best spectrum is shown in Figure 3, and the ex-
tracted 1-dimensional spectrum (raw data, before cor-
rection for instrument sensitivity) is shown in Figure 4.
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The June Boötid spectrum is dominated by strong
sodium line emission, with only a weak magnesium line.
The magnesium line has a later onset than the sodium
line and the sodium line intensity after an early peak
fades gradually when the meteor penetrates deeper into
the atmosphere. This pattern is thought to be due
to the more rapid loss of volatile minerals containing
sodium and is only seen in meteoroids that fragment
easily. Indeed, all June Boötids have a flat light curve,
which is thought to result from high altitude fragmen-
tation.

There is also a strong continuum visible that has
a relatively small contribution from the First Positive
system of the nitrogen molecule (which dominates Per-
seid spectra). There may be a very weak oxygen line at
777 nm in some parts of the spectrum. Metal atom line
emissions of iron and calcium, as well as bands of metal
oxides may dominate the continuum. This is work in
progress.

Y M ><9CB�N�� � �.><9
A predicted outburst of June Boötids from comet
7P/Pons-Winnecke did occur and the forecast permit-
ted spectroscopic and imaging observations that would
not have been done otherwise. I find a compact radiant
of meteoroids that are relatively fragile, as expected for
an encounter with comet dust trails. Further analysis is
needed to decide if the strong sodium emission is due to
a lower excitation temperature in the emitting plasma,
as suspected, or due to differences in the elemental com-
position of this grain of comet 7P/Pons-Winnecke.

Z B\[A9�>�� N.Gt@�]OGtL Gt9<;��
Global-MS-Net stations manned by Esko Lyytinen, Jeff
Brower, and Illka Yrjölä contributed meteor-scatter ob-
servations to this work. I thank NASA’s Planetary At-
mospheres program for support.
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The Palladium in ancient Greek mythology was an im-
age of the goddess Pallas Athene. It was maintained in
the citadel of Troy, and the city was believed safe from
capture as long as the idol was there. Only after it was
stolen did Troy fall to the besieging Achaian Greeks. It
was taken eventually to Rome. The image was said to
have fallen from heaven. Such is the information sum-
marized in the more general dictionaries at least (e.g.
(Simpson & Weiner, 1989, vol. XI, p. 99) or (Evans,
1970, pp. 796–797)).

This view is confirmed on the whole by Frazer’s
notes in his translation of Apollodorus’ Library (Frazer,
1921, pp. 38–41, footnote 2). These provide a valuable
synopsis of what was said of the Palladium in many
ancient and medieval sources, through to the Tzetzes
brothers in the 12th century AD. Frazer’s evaluation of
the beliefs about it included that the various sources to
mention it often did not agree on the details, but that
the majority favoured it being a small wooden image
that had fallen from heaven, and that Troy remained
safe from conquest as long as it was in the city.

In Greek, the word transliterates as ’palladion’,
which also occurs sometimes in English, but we have
preferred the more usual spelling ’palladium’ here. The
idea that the image had fallen from the sky implies a
possibly meteoritic origin for the tale. The importance
of, and powers believed attached to, the Palladium are
discussed in this article. Even if the original object was
not a meteorite, such beliefs are still relevant to meteor
and meteorite studies, in terms of popular understand-
ing of objects which might fall from the heavens, and
the consequent uses they might be put to, or the rever-
ence that might be shown to them.

� � ��;:�O��] ;:�V� �,�Q�O�o�Q�������
Myths about the Trojan War which feature the Palla-
dium are at first sight all relatively late. The earliest
ancient authors who mention the Palladium directly,

112a Prior’s Walk, Morpeth, Northumberland, NE61 2RF,
England, UK. Email: meteor@popastro.com

2Bd. Tineretului 53, bl. 65, ap. 40, sect. 4, Bucureşti, Roma-
nia. Email: sarm@romwest.ro

and whose texts survive, date to the last century BC
and the first two centuries AD, including Virgil (70–19
BC), Ovid (43 BC–17 AD), and Apollodorus’ Library
(probably written in the 1st or 2nd centuries AD judg-
ing by its word-usage, and certainly no earlier than the
mid-1st century BC, from internal evidence). However,
there are a few preserved summaries and fragments from
much earlier. The first of these to include the Palladium
seems to be the Little Iliad of Lesches (circa late 7th
century BC), which survives only as an incomplete se-
ries of fragments scattered through other works (West,
2003, pp 118–143). The summary of the Little Iliad by
Proclus in his Chrestomathia, ii, indicated it included
the theft of the Palladium from Troy by Odysseus, with
Diomedes’ help. Other works, such as the play The La-
conian Women by Sophocles (circa 497–406 BC), which
survives as just two tiny fragments1, obviously dealt
with the Palladium-theft episode too, from a compari-
son of the fragments with other versions of the legend,
but the remaining texts fail to mention the Palladium
directly.

Pherecydes, living in Athens in the early 5th cen-
tury BC, wrote a lengthy text on Greek myths and leg-
ends which has regrettably been lost, again except for
a few fragments which survive in other works. In one
of these, summarized by Frazer (1921, p. 41, the con-
tinuation of footnote 2 from p. 38), he discussed pal-
ladia in general, indicating that there was believed to
be more than one. Pherecydes derived the term from
the Greek ’pallein’ which he took to be the same as
’ballein’, the verb ’to throw’, because the objects were
cast down from heaven. He said the palladia were forms
not made by human hands. Modernly, we might call
some of these simulacra, natural objects (such as rocks
or plant roots) which appear to have a humanoid shape.
The belief in multiple palladia can be found again much
later, in Dionysius of Halicarnassus’ Roman Antiquities,
Book I.68–69 (Cary, 1937, pp. 223–229), for example.
This was completed circa 7 BC. Dionysius suggested

1The two fragments of The Laconian Women are available
in Greek, and English, translation as numbers 367 and 368 in
Sophocles: Fragments, H. Lloyd-Jones (editor and translator),
1996, Harvard University Press (Loeb Classical Library imprint),
pp. 196–197.
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the name was applied to ‘the gifts of Athene’, without
saying what these were, other than to note them as dif-
ferent to the statues of the Trojan gods.

Using ancient Greek art, particularly the Athenian
black and red figure vases, which are very numerous ar-
tifacts, and can be quite well dated, illustrations of the
Palladium seem to appear first in the early 5th century
BC, although only on the red figure vases. The image
shown is commonly of a female humanoid figure dressed
in a thigh-length robe, with a crested Corinthian hel-
met pushed back on the figure’s head, holding a spear
in its right hand and a large round shield in its left. It
is about half the height of a man, where this can be
judged. The spear, shield and pushed-back helmet are
characteristics of Athene, who is almost always shown
wearing or holding such items in Greek art. Conse-
quently, she is one of the most easily recognised figures.
For examples of the Palladium, see Fig. 363 in (Board-
man, 1989, p. 188, and notes on p. 229) and Fig. 185
in (Boardman, 1975, p. 122, and notes on p. 232). The
first image is much the clearer.

The most detailed, early, mythological treatment of
the siege of Troy is of course Homer’s Iliad, probably
written in the 8th century BC (as we discussed briefly in
(McBeath & Gheorghe, 2003). Homer made no mention
of the Palladium at all, although the Iliad ended before
the fall of Troy. There are references in Homer which
are relevant to the matter of the Palladium however,
which we shall discuss below. This all implies the Pal-
ladium may have entered the mythological canon some-
time between the 8th and 7th centuries BC, and was
increasingly common by the 5th century. It may have
appeared as a mythological archetype to help explain
the origins of palladia as a whole, or it may have been
this originator itself, the later plurality due to copying,
though neither view can be confirmed from the surviv-
ing sources.

� Z ���J�O�o���V�!� �����
Library

The best description of the Palladium, which included
details of the image’s creation, and its arrival at Troy
(also called Ilium), is in the Library attributed to Apol-
lodorus. Apollodorus is otherwise unknown and, as we
noted in Section 2, of uncertain dates. Despite these dif-
ficulties, the Library provides a clear, unaltered collec-
tion of Greek myths and legends as recorded in earlier
sources, often giving more than one variant of a tale,
with little attempt to reconcile the differences. Ver-
sions of myths given in the Library can be compared
with those in older surviving texts, which show the ac-
curacy of reproduction is exact enough, that other ma-
terial which survives only in Apollodorus’ work can be
regarded as equally reliable. Thus it is an excellent,
indeed essential, work for students of ancient Greek
mythology.

The Library Book III, XII.3 deals with the Palla-
dium in detail (here taken from (Frazer, 1921, pp. 36–
43)). Ilus was the son of Tros, eponymous king of the
land of Troy (roughly equivalent to the coastal regions
of modern Cannakale in north-western Asian Turkey).

He was given a dappled cow by the king of Phrygia
(the lands immediately east of Troy, stretching into the
western Anatolian mountains of modern Turkey) in ac-
cordance with an oracle, and was told to follow the cow
until it lay down to rest. Where it did, there he should
found his city. The cow lay down on the hill of Phrygian
Ate, and there Ilus built his city Ilium. (Ate was Zeus’
eldest daughter, the goddess who blinded all men, and
brought folly to mankind.)

Ilus then asked for guidance of the gods: And having
prayed to Zeus that a sign might be shown to him, he
beheld by day the Palladium, fallen from heaven, lying
before his tent. It was three cubits in height, its feet
joined together; in its right hand it held a spear aloft,
and in the other hand a distaff and spindle. (Frazer,
1921, p. 39).

A cubit is the length of a human forearm and hand,
approximately 45cm. This description is clearly not
based on those in earlier Greek art, as the red figure
vase description above demonstrates. The Palladium in
Apollodorus is larger, and does not hold a shield, but
a distaff and spindle. Thus the Apollodoran image is
closer to representing the dichotomy of Athene’s mas-
culine (warlike) and feminine (agricultural and virginal)
qualities.

A little further on, the creation of the Palladium is
described (op cit, pp. 40–43), which can be summarized
as follows. After the goddess Athene’s birth from her
father Zeus’ head, she was brought up by Triton, epony-
mous god of the river she was born beside (see Library
Book I, III.6). The river was probably in Libya, or
possibly was a stream in Boeotia on the Greek main-
land. Triton had a daughter Pallas (literally meaning
’maiden’ or ’youth’). Both girls practised armed com-
bat, but one day had a violent disagreement. Pallas was
about to strike Athene when Zeus interposed the aegis,
startling Pallas, who was fatally wounded by Athene.
The aegis was a tasselled goatskin apron or shield, that
bore the face of the Gorgon Medusa, which was later
often an adjunct of the adult Athene’s.

Athene was appalled at her actions. Grief-stricken,
she made a wooden image of Pallas, and wrapped the
aegis about its breast. She set it up beside one of Zeus in
the Olympian heaven, and paid it homage. Later, Elec-
tra, ancestress of Ilus, tried to hide from Zeus at the
Palladium, but Zeus flung both the Palladium and Ate
down into the Ilian country, caught and raped Electra.
Electra was the Pleiad who disappeared (the mytholog-
ical explanation for why only six naked-eye stars can
be seen in the Pleiades star cluster, Messier 45, rather
than the supposedly original seven). She was said to
have done so because of the death of her and Zeus’ son
Dardanus, and the loss of Troy — see Hyginus’ Fabulae
CXCII ‘Hyas’ (Grant, 1960, pp. 148–149).

After he recovered it, Ilus built a temple for the
Palladium, and honoured it. Although not stated by
Apollodorus, Athene also took Pallas’s name and added
it to her own, although there are other tales of why
Athene was so-named (e.g. Library, Book I, VI.2).

As usual, Apollodorus made no comment concern-
ing the obvious contradictions, such as having the Pal-
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ladium land on the Hill of Ate, just as Ate was being
flung from heaven too. These two falls from heaven
carry us back to Homer.

Y � �J� ��� � �
Iliad

As mentioned earlier, the Palladium does not appear in
Homer’s works, but both Ate and Athene descending
meteorically to Earth do. These descriptions may be
forerunners of the later Palladium beliefs.

Ate’s powers of bringing folly and blinding people to
the truth were once turned on her father Zeus. When
he realized what had happened, he went wild, ‘and im-
mediately he seized Ate by her bright-tressed head, an-
gered in his mind, and swore a mighty oath that never
again to Olympus and the starry heaven should Ate
come, who blinds all. So said he, and whirling her in
his hand flung her from the starry heaven, and quickly
she came to the tilled fields of men.’ Iliad Book 19:
126–131 (Murray & Wyatt, 1999b, pp. 342–343).

This description of Ate’s fall is an aside to the ac-
tion at Troy, but from the discussion above regarding
Apollodorus, there is a clear link between Ate and Troy.
There is no mention here of Electra (Zeus is blinded over
an entirely different matter in any case) or the Palla-
dium, but the description calls to mind Greek imagery
concerning comets and meteors, both of which are de-
scribed as hairy in various places. ‘Comet’ in Greek
is literally ‘long-haired’, while shaggy-haired ‘goats’ —
Greek ‘aiges’, remembering Athene’s goatskin aegis —
were names for very bright meteors (cf. Aristotle’s Me-
teorologica Book I, IV.1-35 (341 b 1), e.g. (Lee, 1952,
pp. 28–33)).

The Athene passage occurs significantly earlier in
the Iliad, in Book 4: 73–84. The deities on Olympus
were discussing the war at Troy. Zeus ordered Athene to
go there and make the Trojans break their oaths: ‘So
saying, he stirred on Athene, who was already eager,
and down from the peaks of Olympus she darted. Just
as the son of crooked-counselling Cronos sends a star to
be a portent for seamen or for a wide army of warriors, a
gleaming star, and from it the sparks fly thick; so darted
Pallas Athene to earth, and down she leapt into their
midst; and amazement came on all who saw her, on
horse-taming Trojans and well-greaved Achaeans; and
a man would turn to his neighbor and say: “We shall
certainly again have evil war and dread din of battle, or
else friendship has been placed between both armies by
Zeus, who is for men the dispenser of battle.” ’ (Mur-
ray & Wyatt, 1999a, pp. 168–171.) After her meteoric
descent, Athene regained human form, but as a man,
and went about her work.

The ‘son of crooked-counselling Cronos’ is of course
Zeus. Although Athene clearly descended as a shooting-
star long after Troy was founded, the fact that she, and
only she, appears in such a specifically meteoric form in
the Iliad seems quite plausibly the origin of, or at least
a variant of, beliefs in the Palladium descending from
the sky.

Spurred on by deities on both sides, the Iliad pro-
gresses from this point into a description of bloody and

violent warfare, which continues into Book 5, before the
deities withdraw from the conflict for a time. The mete-
oric imagery here is thus used in a very negative sense,
and could be interpreted as a dire warning.

� � �V� �,�Q�O�o�Q������� � � �����M���3���J�3�
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Ovid’s Fasti VI: 417–436 (Frazer, 1931, pp. 350–353)
provides a description of how the powers of the Palla-
dium were discovered. The Fasti was almost complete
by 8 AD, when Ovid’s exile began (as we discussed pre-
viously (Gheorghe & McBeath, 2003)), and was further
refined during it. In the Fasti, the image was described
as being of Minerva, the Roman equivalent of Athene,
which had leaped down from the sky to the hills of
Troy. The god Mouse Apollo, Apollo Smintheus, was
consulted in his sacred grove and answered: ‘Preserve
the heavenly goddess, so shall ye preserve the city. She
will transfer with herself the seat of empire.’ (Fasti VI:
427–428). Ovid continued that Ilus had kept the Pal-
ladium shut up on top of the citadel at Troy. Its care
passed to his heirs in time, until the reign of Priam,
Troy’s king in the Iliad, when it was taken away by
either Diomedes, Ulixes (anglicized to Ulysses in trans-
lation; in Greek Odysseus), both Achaian Greeks, or
the Trojan Aeneas.

Indeed, there is little agreement among the sources
to mention the Palladium’s theft as to who actually
stole it. The Greek versions had Diomedes and
Odysseus going together to accomplish the task, but
varied as to which one carried out the deed. Apol-
lodorus provided a useful description of why and how
the theft took place in his Epitome Book V: 10–13
(Frazer, 1921, pp. 222–229, including footnotes), with
Odysseus as the actual thief. Frazer’s footnote 2 to this
section of the Epitome covers the alternative variants.
These included that the Trojan Priestess of Athene,
Theano, was said by some to have given the Palladium
treacherously to the Greeks. This act, under threat
of violence, sweetened by bribery, allowed Antenor to
take the Palladium, according to Dictys of Crete’s Tro-
jan War, 5.8 (Frazer, 1966, p. 109), probably composed
in the 1st century AD.

The Roman versions (as outlined in (Frazer, 1921,
pp. 38–39, footnote 2)) had the Palladium remain in
Troy until the city had fallen, after which Aeneas res-
cued it, and took it with him to Italy, depositing it in
the Temple of Vesta at Rome. This is entirely incompat-
ible with the Greek beliefs about Troy’s security until
the Palladium was removed, and ingenious reasons were
thought up by the Romans to account for the discrep-
ancy. These included that the Palladium displayed at
Troy was really an exact copy, and that the true Pal-
ladium remained hidden until Aeneas carried it out of
the city, and brought it eventually to Rome (according
to Dionysius of Halicarnassus2). The idea that the Pal-
ladium’s powers included controlling where the empire

2In Antiquities of Rome, Book I.69 and Book II.66 (Cary, 1937,
pp. 226–229 and 502–507).
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had its capital in Ovid’s conception, fits to this Roman
view of why it was taken to Rome. Ovid (Fasti VI: 437–
454; (Frazer, 1931, pp. 352–353)) went on to describe in
humorous terms the alarm shown in the Senate when
Vesta’s temple caught fire in 241 BC, almost burning
the Palladium. What a potential end for a supposedly
once-fiery meteoric object!

Virgil’s Aeneid (Book II, 162–194) contains an in-
teresting version of the Palladium’s theft by Ulysses/
Odysseus and Diomedes, which included the following
description of portents generated by the idol after the
event (lines 172–175):

Scarcely was the image placed within the camp, when
from the upraised eyes there blazed forth flickering
flames, salt sweat coursed over the limbs, and thrice,
wonderful to relate, the goddess herself flashed forth
from the ground with shield and quivering spear. (Fair-
clough, 1932, pp. 306–307).

Fairclough added a footnote to say that the unex-
pected triple appearance of Athene was described using
phrasing indicating an apparition which showed itself
suddenly, like lightning, a fascinating comment bearing
in mind the link between meteors and lightning. In Vir-
gil’s tale, the seer Calchas interpreted these omens as
meaning the Greeks needed to flee back to Argos on the
Greek mainland, to seek fresh signs and portents.

Certainly, one of the alternative legends had the Pal-
ladium taken to Argos, and perhaps later to Sparta,
although Pausanias (circa 120–180 AD) in his Descrip-
tion of Greece (Book II, XXIII.5) expressly denied this,
saying Aeneas had taken it to Italy instead. Indeed,
there is no real consensus between the ancient authors
as to who of Odysseus, Diomedes or Aeneas took the
Palladium away after its theft, or where it ended up.
It does seem to have been considered important wher-
ever it was taken though. Pausanias again (Description
of Greece Book I, XXVIII.8–9 (Jones, 1918, pp. 150–
151)) described the court of involuntary homicide at
Athens, known as ‘At Palladium’. In this, Diomedes
landed by night in what he believed was hostile terri-
tory, but which was actually Phalerum in Attica, the
Greek peninsula Athens is situated on. Troops led by
Demophon, unaware of who had landed, attacked
Diomedes’ party, killing a number of them and captur-
ing the Palladium. Demophon was the first to be tried
at Athens ‘At Palladium’ as a result.

The Roman accounts do agree that the Palladium
was at last brought to Rome, where it was still main-
tained in the temple of Vesta in Ovid’s day and after.
There is no news of what happened to it later, but it
may have been lost in the sack of Rome by the Goths
under Alaric in 410 AD. Procopius, writing in the mid-
6th century AD (History of the Wars V.xv.8-14 (Dew-
ing, 1919, pp. 150–153)), described how Diomedes fell
ill, and was told he should only recover after he gave
the stolen Palladium to a man of Troy. Consequently,
he gave it to Aeneas after a chance meeting, and so it
passed to the Romans. Procopius continued that the
Romans in his day did not know where the statue was,
but they had a copy chiselled in stone in the Temple
of Fortuna, before a bronze statue of Athene, set up

under the open sky in the eastern part of the Tem-
ple. Procopius had clearly seen this copy for himself.
He described it as showing a woman warrior, spear ex-
tended as if in combat, wearing a long chiton reaching
her feet, the face seeming unlike the Greek portrayals
of Athene, but more Egyptian in character. However,
the Byzantines said the Emperor Constantine had dug
up the statue in the Forum named after him, and set it
in the Temple instead, again according to Procopius.

� �#�J� � �Q�e;n���M�V��;:���J� ;n�Q�o� �
Dictys of Crete in his Trojan War, 5.5 (Frazer, 1966,
p. 107), had the image of the Palladium fall from heaven,
but while Ilus was building Minerva’s (Athene’s) tem-
ple for his new city. The structure was nearly finished
when this occurred, but it had no roof, so the image was
able to drop straight into its correct location within the
temple.

Frazer’s notes (1921, pp. 40–41) referring to Clement
of Alexandria’s Protreptikos, iv.47, mentioned Clement
suggested the Palladium was made of the bones of
Pelops. This may be due to a misreading of a source-
text however, as Apollodorus’ Epitome V.10 (ibid.,
pp. 224–225) cited three preconditions for the fall of
Troy, the first of which was that the bones of Pelops
must be brought to the besieging army. The second was
that Neoptolemus must fight for the Achaians, and the
third was that the Palladium must be stolen. Clement’s
dates are circa 150–215 AD.

John Malalas in his Chronicle, Book 5.43, completed
in the 560s AD, had a curious variant on the matter
of the Palladium’s first appearance. He described the
image of Pallas as being small and wooden, enchanted
to bring victory and to protect the city it was kept in
safe from capture. So far, nothing unusual, but next
follows a distinct break with past traditions:

A certain Asios, a philosopher and wonder-worker,
gave this Palladion to the emperor Tros when he was
about to build the city. In gratitude and in his memory
the emperor Tros gave the name Asia to all the land
subject to him, which previously was known as Epitropos
(Jeffreys et al., 1986, p. 57).

Malalas is notable for a large number of variant
retellings of ancient tales, although he was generally
recounting these from other sources he used. While he
drew on Dictys’ Trojan War for much of his own ver-
sion of the siege of Troy, this origin for the Palladium
is not in Dictys’ tale, and Malalas’ version of the Pal-
ladium’s arrival is certainly notable for being entirely
non-meteoric!

� � �J���������}�o�J�
Despite being a wooden idol, the Palladium clearly had
meteoritic overtones, and was undoubtedly an object of
veneration. Thus even if it were not a meteorite in any
sense we would recognise now, it was formerly believed
to have fallen from the skies, so can be taken as an ex-
ample of ancient meteorite worship. The whole purpose
of the Meteor Beliefs Project is to examine what people
thought, and still think, to be true of meteors and allied
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objects, without being scientifically correct in modern
terms, after all. That other objects said to have fallen
from the skies in ancient Greek and Roman traditions
were also venerated is undoubted, and this is a topic
we hope to return to later, as it is far too involved to
be properly discussed now. Whether any of these ob-
jects were genuine meteorites is unknown, as none have
survived to allow an examination today.

If anyone already has notes on the topic of ancient
Greek and Roman meteorite worship they would like
to discuss with us, we would welcome learning about
them. As always, the Project moves forward faster and
better with input from people besides ourselves. Also
as usual, we would encourage anyone interested to read
more fully in the texts we have merely skimmed or men-
tioned here. For those wanting to find out more about
events surrounding the Palladium, the references given
by Frazer (1921, pp. 38–41) are reasonably comprehen-
sive for the surviving ancient and early medieval texts
and fragments. Since the above article was submitted,
a new reference for Lesches’ Little Iliad has come to
the authors’ attention, of interest as it contains both
the original Greek, and an English translation. It is in
pages 118–143 of (West, 2003).

� Z � ;n����� �!�M�
Despite their similar names, the rare metallic element
palladium, the asteroid 2 Pallas and the pallasite mete-
orites have no connection with either Pallas Athene or
the ancient Greek Palladium. All three instead derive
their names from the 18th century German natural his-
torian, P.S. Pallas. He was the first to describe in detail
a pallasite meteorite (in 1776), and after whom both the
asteroid (discovered by Olbers in 1802) and the element
(discovered by Wollaston in 1803) were later named.
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Fireballs are unpredictable events, and networks of
cameras have been set up to record them reliably. Be-
fore these networks were set up there were occasional
high-quality records of fireballs, however. This short
historical note records one such from 1866. These de-
tails come from (Dunkin, 1880), as does the illustration
above, which sadly is without attribution or further de-
tails.

The bolide ‘appeared about a quarter to eleven on
the morning of June 20th, 1866, and was visible as a
very brilliant object from various parts of England and
the continent, principally, however, in the counties of
Kent and Sussex, at Boulogne, Calais, and Lille, in
France, and as far away as Delft in Holland. [It prob-
ably] exploded over some part of the district between
the towns of Boulogne and St. Omer.’ (ibid.)

Nasmyth saw it and recorded a pleasingly profes-
sional description, quoted in the same book. ‘While
walking in my garden at about a quarter to eleven on
the forenoon of June 20th, I was startled to see a bright
red comet-shaped object rapidly moving across the clear
blue sky about 35◦ above the horizon. The length of the
meteor was about 1◦, or twice as long as the Moon ap-
pears in diameter. The motion was majestic, yet rapid,
for it traversed a space of 80◦ in rather less than two

seconds. The direction was from N.W. to S.E. The ad-
vancing end of the meteor was brilliant red, with a white
or shining envelope or head ; the after part, or tail, was
a ragged fan-shape, with a waving motion, accompanied
by white vapours, and followed by a faint white vapour-
trail. It disappeared from my sight behind a mass of
clouds, and I listened for some time to catch any report
or sound of explosion, but I heard none. The passage
of the meteor was nearly parallel to the horizon, but
with a slight dip or decline to the S.E. It is impossible
to convey by words the impression left by the appear-
ance of this mysterious object, majestically traversing
the clear blue sky during bright sunshine. Had it made
its appearance at night, the whole of England would
have seen more or less of its light.’ (ibid.)

Dunkin is frustrating in his lack of proper references.
He merely refers to the author of this quote as ‘Mr. Nas-
myth’. It is presumably James Nasmyth (1808–90), a
renouned engineer and amateur astronomer, and inven-
tor of the Nasmyth focus for telescopes.

^ � � ���:�3����� �
Dunkin, Edward (c.1879–80) “The Midnight Sky (New

and Revised Edition)”, The Religious Tract Soci-
ety, London, 333–334.
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Perseids 2004

Montage of twelve Perseids recorded on video on 2004 August 11, between 21h00m and 21h10m UT.
Intensifier: ‘Delnocta’ first generation 3-traps intensifier from ‘Olde Delft Instruments’.
Camera: Sony DCR-TRV900E PAL (720 × 576 pixel) camera in black & white mode.

Lens: Sony V-mount f = 25 mm, f/2.8, field of view 35◦.
From every meteor one frame was pasted into a total view of the video to give an impression of the event.

Observations from Britzingen, Germany, by Carl Johannink, Koen Miskotte, Romke Schievink and
Rita Verhoef. Video processing by Romke Schievink.


