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ABSTRACT

Context. The enhanced activity of the Draconid meteor shower was observed on October 8, 2005 using video and photographic
cameras.
Aims. The aim of this paper is to use a higher than usual number of recorded meteors to look at some physical properties of the
Draconid meteoroids, to describe the activity profile, and to infer meteor orbits.
Methods. Video data on meteors are used for the determination of the meteor shower activity. Double station data provide precise
beginning heights of the meteors as well as their radiants and orbits. Beginning heights and light curves of all meteors are used for
investigation of meteoroid properties.
Results. Only the descending branch of the enhanced activity was observed between 17:30 and 19 UT. The mass distribution index is
similar to the 1998 return. Beginning heights of the Draconid meteors are several kilometres higher in comparison with other meteors
of similar velocity. Light curves are nearly symmetrical, with a slight preference of early maxima. Both results are consistent with the
very fragile nature of Draconid meteoroids.
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1. Introduction

The Draconid or Giacobinid meteor shower is a minor periodic
meteor shower, which sometimes produces brief but spectacu-
lar meteor storms. Such storms occurred twice during last cen-
tury, in 1933 and 1946 (e.g., Jacchia et al. 1950). Lower activ-
ity was observed in 1952 (Davies & Lovell 1955), whereas in
1985 and 1998 the shower produced moderate meteor rates (Arlt
1998). The shower is active between October 6th and 10th, with
a maximum occurring between October 8th and 9th. The activ-
ity of the meteor shower depends on the position of the parent
comet 21P/Giacobini-Zinner on its orbit.

In 2005 the parent comet returned to perihelion in July,
but it was not clear whether it would influence activity of the
Draconids that year. According to the modeling of the Draconids
(http://www.imcee.fr/, J. Vaubaillon), no storm was ex-
pected to happen in October 2005. Nevertheless an enhancement
due to the proximity of the comet to perihelion was not possible
to exclude. Thus the observers were encouraged to look for some
signs of higher activity of this shower.

Campbell-Brown et al. (2006) reported the Draconid out-
burst, which occurred around the solar longitude λ� = 195.42◦
corresponding to 16.1 UT, October 8, 2005. Between 14.5 UT
and at least 18 UT, the CMOR radar detected meteor activity
significantly above the sporadic background at multiple frequen-
cies. The equivalent hourly binned zenithal hourly rate (ZHR)
during the peak of the activity was higher than 150. The en-
hancement, although not as strong as that found in the radar data,
was also observed by visual observers located in Asia, Europe,
and North America. The visual observations provided ZHR
of 40. Refined numerical simulation of the Draconid shower,

which additionally included smaller particles, identified that the
2005 outburst was caused by the material released during the
1946 perihelion passage of the parent comet.

In this paper we report the results of the double-station video
experiment, which was carried out in the Czech Republic during
the time of the Draconid meteor shower activity. Despite vari-
able weather conditions, the enhanced activity was detected and
simultaneous data on some of the Draconid meteors recorded.
Due to later sunset in Central Europe only the descending branch
of the activity curve was probably observed. Clouds did not al-
low us to precisely determine if the peak still occurred before the
observation started or was already observed.

We discuss here the activity profile, mass distribution, radi-
ants and orbits, beginning heights, and light curves of meteors.
The second paper (Borovička et al. 2007) is devoted to detailed
study of atmospheric deceleration we detected for the meteors
and also to Draconid spectra.

2. Instrumentation, observation, data processing

The double-station video observations were carried out on the
base Ondřejov – Třebíč during three consecutive nights between
October 6th and 9th, 2005. Both stations are separated by the
distance of 109.3 km, and the azimuth of the second station
is 314.3◦ (azimuth of south = 0◦). Each station was equipped
with two videocameras, which were connected to the 2nd gen-
eration image intensifiers. At the Ondřejov observatory, the di-
rect camera equipped with a Mullard XX1332 intensifier and
a Jupiter 2/85 mm lens provided a field-of-view of 32◦. The sec-
ond camera, connected to the Dedal-41 intensifier with an Arsat
1.4/50 mm lens and spectral grating with 600 grooves/mm
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Table 1. Atmospheric trajectories and physical properties of Draconid video meteors. αG and δG are coordinates of the geocentric radiant, vG
geocentric velocity, Mmax absolute maximum brightness, mphot photometric mass, HB beginning height, KB parameter according to Ceplecha
(1988), HE terminal height, cos(z) cosine of the zenith distance of the radiant, and F parameter describing the meteor light curve shape. All
meteors were observed in the night of October 8/9, 2005.

Meteor Time αG δG (vG)∗ Mmax mphot HB KB HE cos(z) F
[UT] [◦] [◦] [km s−1] [mag] [g] [km] [km]

05A08030 18:55:02 264.0 ± 1.0 55.2 ± 0.6 20.9 ± 0.6 3.6 0.006 100.5 6.76 92.0 0.87 0.40
05A08054 20:33:13 263.2 ± 0.3 55.26 ± 0.08 21.0 ± 0.2 1.9 0.03 101.8 6.70 88.7 0.74 0.52
05A08057 20:39:31 264.5 ± 0.3 55.2 ± 0.2 21.0 ± 0.2 2.0 0.05 105.2 6.47 87.3 0.74 0.46
05A08078 21:59:01 261.1 ± 0.5 55.67 ± 0.09 21.0 ± 0.3 2.5 0.04 102.6 6.70 88.6 0.61 0.64
05A08096 22:56:44 264.3 ± 2.8 55.8 ± 0.7 21.0 ± 0.5 3.7 0.012 102.0 6.76 92.9 0.55 0.24
05A08128 00:13:22 262.7 ± 0.2 55.28 ± 0.16 20.9 ± 0.5 3.5 0.016 104.0 6.66 91.0 0.44 0.31

∗ Computed on the assumption of v∞ = 23.57 km s−1.

Table 2. Heliocentric orbits (J2000.0) of the Draconid video meteors. DSH is the orbital similarity criterion computed according to Southworth &
Hawkins (1967). The orbit of the comet 21P/Giacobini-Zinner (2005) provided by the JPL Horizons program was used as the reference orbit.

Meteor a [AU] e q [AU] ω [◦] Ω [◦] i [◦] DSH

05A08030 3.7 ± 0.5 0.73 ± 0.04 0.9965 ± 0.0006 173.8 ± 0.7 195.517 31.5 ± 0.7 0.05
05A08054 3.7 ± 0.2 0.73 ± 0.013 0.9960 ± 0.0002 173.3 ± 0.2 195.585 31.6 ± 0.3 0.05
05A08057 3.8 ± 0.2 0.739 ± 0.014 0.9968 ± 0.0001 174.2 ± 0.2 195.589 31.6 ± 0.3 0.04
05A08078 3.4 ± 0.2 0.71 ± 0.02 0.9948 ± 0.0003 171.9 ± 0.3 195.643 31.9 ± 0.4 0.04
05A08096 3.6 ± 0.4 0.72 ± 0.03 0.9968 ± 0.0015 174 ± 2 195.683 31.8 ± 0.6 0.03
05A08128 3.5 ± 0.3 0.72 ± 0.02 0.9957 ± 0.0001 172.9 ± 0.2 195.736 31.5 ± 0.5 0.05
Comet 3.526 0.706 1.038 172.535 195.423 31.811 –

was used for meteor spectroscopy. Both cameras on the sec-
ond station were coupled to Dedal-41 intensifiers. The first one,
equipped with an Arsat 1.4/50 mm lens, provided a field-of-view
of 28◦ in diameter. The second one connected with a Zenitar
2.8/16 mm lens served as a wide-field system with a field-of-
view of about 85◦. In addition to the video observations, one
bright Draconid meteor was also recorded by three all-sky pho-
tographic cameras of the Czech part of the European fireball net-
work (see Spurný et al. 2007 for network description).

The recorded video data were stored on S-VHS video tapes.
These tapes were searched using automatic meteor detection
software MetRec (Molau 1999). Meteor records were digital-
ized with resolution 25 images per second and 768 × 576 pixels.
Semi-automatic measurement software MetPho (Koten 2002)
was used for the measurement of the records. The output pro-
vides not only positional measurements, but also photometry of
the meteor. Atmospheric trajectories and heliocentric orbits were
first computed using our standard procedures for video meteors.
At this moment we recognized that significant meteor decelera-
tion strongly influences the results. We investigated this problem
more deeply. Another paper, which analyses this phenomenon
and its implication for the meteoroid structure is in preparation
(Borovička et al. 2007). To compute heliocentric orbits in this
paper we took the initial velocity of the photographic fireball,
which does not show deceleration and has an orbit that is deter-
mined very precisely, as the initial velocity for all video mete-
ors. The video data proved to be consistent with this assumption
(Borovička et al. 2007).

The meteor shower membership was determined using the
Southworth-Hawkins DSH criterion (Southworth & Hawkins
1967). The orbit of the parent comet taken from JPL Horizons
web program (http://ssd.jpl.nasa.gov/horizons.cgi)
was used as the reference orbit. All meteors satisfying condi-
tion DSH < 0.20 were considered as Draconids. The light curves
were used for determination of the photometric mass using lu-
minous efficiency according to Ceplecha (1988).

3. Recorded data

The detection software MetRec has relatively large tolerance in
the shower assignment and identified 12 video meteors observed
from both stations as possible Draconid shower members. More
precise measurement and reduction of these records confirmed 7
of them as real Draconids. One of them was recorded only in the
zero order of the spectral camera and by the wide-field camera.
Unfortunately, the small angle of planes resulted in a big trajec-
tory uncertainty and this meteor was finally excluded from the
sample. Atmospheric trajectories and physical properties of the
six remaining double station Draconid meteors are summarized
in Table 1. Table 2 shows heliocentric orbits of these meteors,
and Table 4 provides geophysical and heliocentric data on the
photographically recorded meteor.

26 single station meteors were labeled by MetRec as the
Draconid members. They were measured, too, and it was de-
cided, according to their angular velocity and to the distance
of the prolonged path from the radiant, whether they could be-
long to the Draconid meteor shower. 10 of them were rejected;
16 were supposed to be suitable for another analysis. Using
mean values of apparent radiants and velocities of the double
station meteors the atmospheric trajectories of the single station
ones were calculated. Results are given in Table 3. We should
note that the values of the beginning height of the single station
meteors are only approximate and in comparison with the same
quantity of the double station meteors, which are typically deter-
mined with the precision of 0.1 km, these are affected by much
bigger errors. The estimate is that the single station data may dif-
fer from real values up to 5 km. Subsequently the value of the pa-
rameter KB (Sect. 4.4) is affected in the same way. Nevertheless
the comparison with more precise double station data shows that
these approximated values are reasonable and we can use them
for some kind of analyses. The photometric mass is not affected
by this uncertainty neither is the parameter F (Sect. 4.5).
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Table 3. Data on the single station meteors recorded by the Ondřejov direct camera.

Meteor Date Time mphot Mmax HB KB HE F
2005 [UT] [g] [mag] [km] [km]

05A06067 6.10. 22:12:59 0.013 3.3 101 6.8 90 0.51
05A06161 7.10. 01:07:59 0.0055 4.0 109 6.2 106 0.47
05A07073 7.10. 21:54:03 0.007 3.8 100 6.9 93 0.54
05A07088 7.10. 22:27:07 0.0073 4.0 107 6.3 98 0.52
05A07120 7.10. 23:37:09 0.0076 4.2 109 6.0 106 0.39
05A07129 7.10. 23:52:53 0.0027 4.7 105 6.5 102 –
05A08001 8.10. 17:36:50 0.0031 4.6 102 6.6 93 –
05A08002 8.10. 17:40:52 0.0016 3.8 103 6.5 89 0.35
05A08007 8.10. 17:51:02 0.013 2.8 106 6.8 98 0.27
05A08008 8.10. 17:59:00 0.028 2.4 108 6.2 96 0.43
05A08013 8.10. 18:24:52 0.016 2.8 98 7.0 85 0.70
05A08014 8.10. 18:32:16 0.0027 4.4 107 6.3 98 –
05A08015 8.10. 18:32:37 0.037 2.6 105 6.4 84 0.54
05A08017 8.10. 18:34:54 0.0008 5.4 101 6.7 96 –
05A08020 8.10. 18:39:04 0.0033 4.4 107 6.2 98 –
05A08024 8.10. 18:45:30 0.004 4.1 97 7.0 89 0.55

Table 4. Atmospheric trajectory, geocentric radiant, and heliocentric
orbit (J2000.0) of the photographic Draconid meteor. The notation has
the same meaning as in Tables 1 and 2. For the classification of the
fireballs, the PE criterion is usually used (Ceplecha 1988). According to
this criterion the fireball EN081005B belongs to the group IIIB.

Meteor EN081005B
Date October 8, 2005
Time [UT] 18:46:04.2 ± 0.1∗
αG [◦] 262.96 ± 0.17
δG [◦] 55.67 ± 0.07
vG [km/s] 20.93 ± 0.09
MMax [mag] –5.5
m∞ [g] 10
HB [km] 98.37
HE [km] 83.11
PE criterion –6.38
a [AU] 3.53 ± 0.07
e 0.717 ± 0.005
q [AU] 0.99606 ± 0.00010
ω [◦] 173.25 ± 0.12
Ω [◦] 195.51097 ± 0.00001
i [◦] 31.74 ± 0.10
DSH 0.02

∗ The beginning of the meteor.

4. Analyses of data

4.1. Shower activity

Tables 1 and 3 show that a large number of reported Draconid
meteors occurred on October 8 around 18 UT. The Draconid an-
nual meteor shower usually does not show activity with ZHR > 1
(Jenniskens 1995). The enhancement of the activity is even more
noticeable in comparison with previous two nights, when only
several randomly separated Draconids were observed (Fig. 1).

Due to later sunset in our country the observation started at
17:32 UT. Unfortunately it was partly cloudy at the Ondřejov
station and almost overcast at the Třebíč station at this time.
Cloudiness changed quickly during the first half of the night and
influenced observed numbers of the meteors. Despite not ideal
weather conditions, we tried to construct the activity profile of
the meteor shower. Only meteors recorded by the Ondřejov di-
rect camera were used for this attempt. They were binned into
half hour intervals. The rough numbers were corrected to the

zenith distance of the radiant, which significantly changed dur-
ing the night. For each time interval the cloudiness was also eval-
uated and its influence on the total numbers was estimated. We
keep in mind that the correction to the cloudiness is only approx-
imate, which is nicely illustrated by the artificial “peak” around
23 UT. This peak was caused by only one meteor, which ap-
peared in the hole between the clouds at the time when the over-
all cloudiness in the field-of-view was very high.

Figure 1 shows that only the end of the enhanced activity
was very probably observed. According to this plot the enhance-
ment of the activity ended at about 19 UT. The cloudiness after
19 UT was low and the drop in activity is real. For the rest of the
night the numbers of meteors did not exceed the annual Draconid
level. This result is in good agreement with the observations of
Campbell-Brown et al. (2006). According to their paper the max-
imum activity occurred at 16.1 UT. Their activity curve ceased
after 18 UT when the sensitivity of the radar dramatically de-
creased. Nevertheless, the activity was still significantly above
the background at that moment. This is consistent with our data
showing that the activity continued for at least one more hour.

4.2. Masses

Tables 1 and 3 show that the recorded meteors cover a range of
photometric masses between 8 × 10−4 and 4.9 × 10−2 grams.
Although the total number of the Draconid meteors is rather
small, we tried to determine the mass distribution index of the
meteor shower. For this purpose we used the generally accepted
form of the mass distribution

dN = Cm−sdm,

where dN is the number of meteors with masses between m
and m + dm and C is a constant. We used the integrated form
of this equation and determined the slope of the plot of the log-
arithm of the cumulative number of meteors as a function of the
logarithm of the photometric mass. If the slope is k then the mass
distribution index s = 1 − k.

The mass distribution is plotted in Fig. 2. As usual, there
is a bias against detection of the faintest meteors in the sam-
ple, which causes the distribution not to be linear within whole
range of the masses. Therefore the linear fit is applied only on the
meteors with a logarithm of the photometric mass above −2.3.
The slope of this fit is k = −0.78, which results in the mass
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Fig. 1. Activity of the Draconid meteors as observed from the
Ondřejov station using a narrow-field camera. The plot shows numbers
of the Draconids recorded during three consecutive nights in half hour
intervals. The bars represent numbers corrected for the zenith distance
of the radiant as well as for the cloudiness.

distribution index of the Draconid meteors s = 1.78 ± 0.15.
Using only meteors contributing to the peak of the activity, we
received a somewhat higher value of s = 1.87 ± 0.15.

Our value is not in contradiction with Campbell-Brown et al.
(2006), who reported s = 2.0 ± 0.1 for the 2005 outburst.
Watanabe et al. (1999) derived s = 1.81 ± 0.36 for the 1998
Draconid outburst using the HDTV technique. Šimek & Pecina
(1999) reported even lower s values for the 1998 maximum ob-
served by radar. The 1985 return was reportedly richer in faint
meteors, the s being between 2.0 and 2.1 (Šimek 1986, 1994).
Visual observations tend to give higher s values for both 1985
and 1998 returns (Koseki 1990; Arlt 1998), but they may suf-
fer from uncertain detection probability corrections. For the ma-
jor Draconid storms of 1933 and 1946, visual observations gave
s values about 2 (Watson 1934; Kresák & Slančíková 1975),
while the photographic observation in 1946 gave lower s values
(Jacchia et al. 1950).

From our limited data we conclude that the mass distribution
of the 2005 Draconid meteoroids was not significantly differ-
ent from the 1998 return. The comparison with the literature is
somewhat difficult because most values cited above were derived
from either maximum meteor magnitude or radar echo duration,
not from individually determined meteoroid masses, as was done
in our case.
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Fig. 2. Mass distribution plot for the Draconid meteors. The faintest me-
teors are not used for the linear fit.

4.3. Radiants

The geocentric radiant distribution of double-station Draconid
meteors is presented in Fig. 3. In addition to our video and pho-
tographic data, the results of the radar observation and numer-
ical modeling presented in Campbell-Brown et al. (2006) are
also included in the plot. We can see that all radiants of op-
tically detected meteors lie within one degree of the theoreti-
cal radiant, which was computed for the particles ejected from
the parent comet in 1946. The comparison with the results of
Campbell-Brown et al. (2006) is given in Table 5. The optical
data are in significantly better agreement with the theoretical
model than the radar data.

We can only speculate what causes the offset of the radar ra-
diants. It may be an instrumental effect or effect of different me-
teoroid masses. Note that most of our double station meteors do
not actually belong to the outburst, since they were observed af-
ter 20 UT. The exceptions are the 05A0830 meteor and the pho-
tographic meteor. Both fit well. The cluster of radiants around
the theoretical radiant also coincides well with the Draconid ra-
diants observed during the 1998 outburst (Tomita et al. 1999;
Suzuki et al. 1999; Fujiwara et al. 2001).

4.4. Beginning heights

Figure 4 shows the beginning heights of Draconids in com-
parison with sporadic meteors of similar velocity as a func-
tion of photometric mass. We searched our database and found
55 sporadic meteors with geocentric velocities between 17 and
24 km s−1, which are similar to the geocentric velocity of the
Draconids. The beginning heights of the Draconid meteors lie
between 100 and 110 km. The photographic meteor was not in-
cluded because of much lower sensitivity of the photographic
cameras. In comparison with other meteors with similar geocen-
tric velocity, Draconids are among the highest. The vast majority
of sporadic meteors start their luminous trajectories lower than
Draconids. If the beginning height reflects the structure of the
meteoroids, then the Draconid meteoroids belong to the most
fragile material.
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Fig. 3. Radiant distribution of Draconid meteors. Meteors recorded by
videocameras are represented by small black diamonds. The mean ra-
diant determined from radar observations by Campbell-Brown et al.
(2006) is shown as a black square, whereas theoretical radiant of the
modeled stream filament from 1946 (the same paper) is shown as a big
cross.

Table 5. Radiants of the Draconid meteors from different sources. (C-B)
refers to the paper of Campbell-Brown et al. (2006).

Source αG δG vG
[◦] [◦] [km s−1]

mean of 6 video meteors 263.3 +55.4 21.0
photographic meteor 262.96 +55.67 20.93
radar meteors (C-B) 256.9 +56.6 19.9
1946 filament model (C-B) 263.8 +55.6 20.86

Meteor showers of cometary origin usually exhibit increas-
ing beginning height with increasing photometric mass (Koten
et al. 2004). Figure 4 indicates that such an increase may also
occur in the case of Draconid meteors. Nevertheless, there are
only six double station Draconid meteors used for this kind of
plot, thus we cannot confirm this hint at the moment. Because of
the uncertainty of the single station data, we avoid using these
data for the decision. The data of Fujiwara et al. (2001) seem to
confirm the height increase.

The beginning height of the meteor can be affected by the
different zenith distance of the radiant as well as the different ini-
tial velocity. To avoid this influence, we used the parameter KB,
which eliminates the potential effect of both quantities. This
parameter transforms the problem of classification into a one-
dimensional parameter as defined by the equation

KB = log ρB + 2.5 log v∞ − 0.5 log cos zR + 0.15,

where ρB is the atmospheric density [g cm−3] at the beginning
height HB, v∞ is the initial velocity [cm s−1], and zR is the
zenith distance of the radiant (Ceplecha 1988). Lower KB means
more fragile meteoroids.

According to Ceplecha (1988) meteoroids with KB < 6.6 be-
long to group D formed by the “soft cometary material”. The
exact boundary value of KB may, however, slightly depend on
the observational technique. Draconids have been used as a pro-
totype of group D. Figure 5 shows the comparison of Perseid,
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meteors of similar geocentric velocity. Draconids are shown as circles
(double station meteors as full circles and single station ones as open
circles), whereas grey diamonds represent the sporadic meteors.
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Quadrantid, and Draconid meteors. Among meteors with similar
maximum brightness, Draconids belong to the group of meteors
with the smallest value of KB. There are also Perseid meteors in
this figure with comparable values of KB, but these are brighter
meteors with higher beginning heights that influence the values
of KB.

4.5. Light curves

Another characterization of a meteor can be determined from
its light curve. If the meteor reaches the maximum bright-
ness later in its luminous trajectory, it is considered that me-
teoroid was a rather compact body. On the other hand, dust
ball meteoroids should produce light curves, which are nearly
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Table 6. Comparison of mean values of the parameter F for different
meteor showers.

Meteor Number Parameter Source
shower of meteors F of data
Draconids 17 0.46
Leonids 2000 72 0.49 (1)
Quadrantids 28 0.50 (2)
Taurids 42 0.54 (1)
Perseids 160 0.54 (1)
Orionids 108 0.55 (1)
Geminids 64 0.58 (1)

(1) Koten et al. (2004).
(2) Koten et al. (2006).

symmetrical (Hawkes & Jones 1975). Previous studies already
showed that video meteors indeed exhibit light curves closer to
the symmetrical ones (Murray et al. 1999; Campbell et al. 2000;
Koten et al. 2004), which is generally considered as proof of the
dust ball model.

We used the traditional parameter F (e.g., Flemming et al.
1993) for the classification of the light curves. The parameter
expresses the position of the maximum along the light curve. In
addition to the double station meteors, for which the calculation
of the absolute meteor brightness was straightforward because
of known atmospheric trajectory, we included some of the single
station meteors, too. Using their estimated heights and distances,
we constructed the light curve in the absolute brightness scale.
This procedure significantly increased the number of available
meteor light curves to 17. Of course, only complete light curves
can be characterized in this way. The photographic meteor was
excluded from this analysis because of its much larger mass and
different atmospheric behavior.

Light curves of the Draconid meteors exhibit wide scatter
of the F values between 0.24 and 0.70. We observed also sim-
ilar scatter among other meteor showers (Koten et al. 2004).
Generally, we can say that the majority of the light curves are
symmetrical with parameter F closing to the value of 0.5. The
mean value for all 17 meteors is F = 0.46 ± 0.10. This value
is the lowest among all meteor showers characterized this way
(Table 6). Again, the Draconid meteors are produced by parti-
cles, which belong to the most fragile among all meteor streams.

Figure 6 provides a more detailed look at the distribution
of the parameter F. Besides the Draconid meteors, Leonids and
Geminids are also shown. Although the histograms of all meteor
showers reach the maximum in the interval between 0.5 and 0.6,
there are substantial differences among all three distributions.
The Draconids show an excess of meteors with F < 0.5. For
higher F, the number of meteors steeply decreases and there are
no Draconid meteors with F > 0.7. Thus the histogram is not
as symmetrical as is usual among other meteor showers. The
Geminids show an opposite pattern with a lack of meteors be-
low F = 0.3 and many meteors with F > 0.5. The Leonids lie
between these two showers.

5. Discussion

On the basis of the video observation of the Draconids meteor
shower in 2005 we can confirm the enhanced activity reported
by Campbell-Brown et al. (2006). The number of optically de-
tected meteors was not as high as the radar (i.e., fainter) me-
teors. Apparently, we were able to observe only the descend-
ing branch of the reported peak. Despite unfavorable weather
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Fig. 6. Histograms of the parameter F for the Draconid (faintly dotted
bars), Geminid (crossed bars), and Leonid (black dotted bars) meteors.

conditions it is clear that the enhanced activity ceased around
19 UT on October 8. Later the hourly numbers of meteors did
not exceed annual Draconid counts. Scattered Draconid meteors
were also observed during the two previous nights. The determi-
nation of the mass distribution index suffered from low number
statistics, nevertheless, it seems that the index was similar to that
in 1998 and somewhat lower than that in 1985.

The radiants of several Draconids recorded simultane-
ously from two stations lie close to the theoretical value of
Campbell-Brown et al. (2006) and also to the radiants reported
in other papers describing earlier Draconid outbursts. We did not
observe meteors from the radiant detected by the radar, which
was shifted by about 4 degrees to the West. Unusual properties
of Draconids were already recognized by Jacchia et al. (1950)
on the basis of more than 200 photographic meteors recorded in
1946. They found that the beginning heights of the Draconid me-
teors are significantly higher in comparison with other meteors
of comparable geocentric velocity. Moreover the Draconids were
also characterized by exceptionally short trails according to their
paper. Jacchia et al. (1950) concluded that the meteoroids ob-
served in 1946 were composed of softer than usual material.
A similar conclusion was also reached by other authors. Beech
(1986) analyzed photographic data from several other papers and
found good agreement with the dust ball model of Hawkes &
Jones (1975). According to his paper, the energy necessary for
the fragmentation of the unit mass is significantly lower than
a similar value found for other meteor showers.

Our video results are in very good agreement with all pre-
vious photographic observations of the Draconid meteors. It
is necessary to note that video cameras cover lower photo-
metric masses (i.e., fainter meteors) than photographic ones.
Nevertheless we found higher than usual beginning heights, too.
Also, the values of the parameter KB are lower in comparison
with the same quantity of other meteor showers. Finally, faint
Draconid meteors reach the maximum brightness earlier in their
luminous trajectory than showers such as Perseid, Orionid, or
Leonids do. Thus, all these features confirm the fragile nature of
the Draconid meteoroids. The structure of Draconid meteoroids
will be further discussed in the forthcomming paper (Borovička
et al. 2007).
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