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Here we demonstrate the capability of the updated All-Sky Meteor Orbit System (AMOS) (called AMOS-
Spec) to measure the main element abundances of meteors. The AMOS-Spec program has been created
with the intention of carrying out regular systematic spectroscopic observations. At the same time, the
meteoroid trajectory and pre-atmospheric orbit are independently measured from data collected by the
AMOS camera network. This, together with spectral information, allows us to find the link between the
meteoroid and its parent body, from both dynamical and physical consideration. Here we report results
for 35 selected cases.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

A meteor is the phenomena created by ablation processes
when a meteoroid enters the Earth's atmosphere. Spectrograph
cameras allow us to observe the meteor spectra, which contain
emission lines belonging to meteoroid vapours as well as lines of
atmospheric origin. Studying the meteor spectrum gives us an
opportunity to determine the chemical composition of the
meteoroid itself, and in turn, the spectral characteristics of
meteors are a parameter that can be used to link a parent body to a
meteoroid stream. Most spectroscopic observations of meteors are
routine measurements carried out during meteor shower cam-
paigns. The AMOS-Spec program has been created with the
intention of use within a regular systematic survey to take full
advantage of meteor spectroscopy. Here, we report results from a
sample of meteor spectra collected by AMOS-Spec camera since
November 2013.

The study of meteor spectra started in XIX century (Millman,
1963). Nevertheless systematic works using photographic and video
techniques started in following centuries, with extensive spectro-
scopic programs that were and still are carried out in Europe and
North America (Borovicka, 1994; Borovička and Boček, 1995;
Ceplecha et al., 1998; Hemenway et al., 1971; Jenniskens
et al., 2014; Madiedo, 2014; Mukhamednazarov and Maltseva, 1989;
Zender et al., 2004). Meteor spectroscopy has received much
attention in recent years due to its ability to measure of the main
elemental composition of small bodies of the Solar System, which
offers important scientific information. In generally, meteoroids
wska).
originate from comets and asteroids. We are particularly interested
in meteor showers that originate from asteroids. As shown in sev-
eral recent papers (Borovička et al., 2013, 2015; Porubčan et al.,
2004; Tóth et al., 2011b; Trigo-Rodríguez et al., 2007; Schunová et
al., 2014; Spurný et al., 2003), there are various physical and
dynamical ways to form asteroidal meteoroid streams. Detection of
such weak meteor showers and study of their particular meteor
spectra by large field of view spectrographs such as the AMOS-Spec
camera can help us better distinguish between asteroidal and
cometary materials, especially among NEO parent objects, where
extinct cometary nuclei are also present (Jewitt, 2012).

In Section 2 we describe the spectroscopic AMOS-Spec camera
and data reduction of collected meteor spectra. Section 3 focuses
on the obtained results, while in Section 4 we present our con-
clusions and perspectives for future work.
2. AMOS-Spec system

The All-Sky Meteor Orbit System (AMOS), of which previous
version are described in Tóth et al. (2011a), Zigo et al. (2013) and
Tóth et al. (2015), has been upgraded by the addition of the AMOS-
Spec camera to record meteor spectra. Installed in Modra Obser-
vatory station, the camera is equipped with a 30 mm f/3.5 lens, an
image intensifier (Mullard XX1332), a projection lens (Opticon
1.4/19 mm), and a digital camera (Imaging Source DMK 51AU02)
with a resolution of 1600�1200 pixels and frame rate per second
of 12. The setup provides a circular field of view of 100° with the
centre pointing to the zenith. We used 500 (November 15, 2013–
July 16, 2014) and 1000 (July 17, 2014–present) grooves/mm
holographic grating in front of the fish-eye lens. The typical
absolute limiting magnitude of a meteor for our system is around
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Fig. 1. Spectral sensitivity curve of the AMOS-Spec camera.
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�2 magnitude. However, with optimal geometry of meteor light
in front of the camera, and meteor velocity, the limiting absolute
magnitude might be even higher at about 0.

A disadvantage of the wide-field camera is interference from
the moonlight. As a consequence, some of our detections were
hampered by moonlight or a bright spectrum of the Moon. This
reduces the number of usable meteor spectra. We will improve the
system in the close future by shifting the orientation of the centre
of the field of view by 30° from zenith to the North. The collected
data has been reduced and the first stage of spectral analysis has
been conducted. The spectral events were corrected for dark cur-
rent, the flat-field, and the camera's spectral response. The cur-
vature of the spectra due to the all-sky geometry complicates
measurements. Because we have not yet developed automatic
software to reduce curved spectra, we measure the intensities of
spectral lines on individual video frames manually using ImageJ
program.1 The scale for each spectrum was determined by means
of known lines in the calibration spectrum, with a spectral reso-
lution of 2.5 nm/pix and 1.3 nm/pix, using grating with 500 and
1000 grooves/mm respectively. The spectral response curve of the
AMOS-Spec camera systems is shown in Fig. 1. Our system covers
whole visual spectrum range from 300 nm and beyond 900 nm,
with the sensitivity level of 10% at 900 nm. The curve was obtained
by measuring the spectra of Jupiter, and is normalized to unity at
480 nm.

If an event was recorded simultaneously by more than one
AMOS station (AGO Modra, Arboretum T. Mlyňany, Kysucké Nové
Mesto Obs., and Važec), we were able to determine a heliocentric
orbit for that meteor. Using the trajectory and orbit from AMOS,
combined with the simultaneously measured spectrum from
AMOS-Spec, we can identify the source of the meteoroid and its
characteristics.

We have already developed Matlab code for the identification
of spectral lines, correction of the spectral response efficiency, and
calculation of ratio of the relative intensity of spectral lines. Most
parameters of the data reduction pipeline are provided manually.
The outcome of our findings will extend our knowledge of the
chemical composition of meteoroids.
3. Results

The AMOS-Spec camera has been in operation every clear night
since November 15, 2013. Up until the end of 2014, we were able
to collect 2361 meteors, including 433 cases captured with meteor
spectra of variable quality. At least 339 of these spectra are too
faint to be used for further analysis. The S/N ratio of these faint
meteor spectra is typically lower than 4, as was estimated by
measuring the S/N ratio for 10 faint spectra per frame and calcu-
lating the average value. Other difficulties with reducing spectra
are related to occurrences such as saturation, the presence of the
Moon, the acute angle of the meteor or missing part of the spectra
in the field of view. In this paper, we present results for 35 reduced
cases shown in Figs. 3–6 and Tables 1 and 2. Double or multi-
station observations from other AMOS cameras are available for 22
of these meteors, enabling us to determine their orbital
characteristics.

Table 1 contains a summary of all meteors analysed in this paper,
providing atmospheric trajectory and spectral information, if avail-
able. The first column in both tables shows a reference number for
each event that is used further in the paper in figures. Additionally,
each event has its own ID describing the moment of its detection
(the second column). In Table 1 a meteor's ID is preceded by the
1 http://imagej.nih.gov/ij/index.html
absolute magnitude of meteor (M), the photometric mass (mp)
calculated according to Hill et al. (2005), and its geocentric velocity
(vg). Next are the beginning and terminal heights of the meteor (Hb

and He). The following three columns describe the quality of a
spectrum (Q), measured average intensity ratios (Na/Mg, Fe/Mg),
and spectral classification. In the last columns we present material
strength parameters (KB and PE), a meteor class according to those
parameters (Ceplecha, 1988), and the Tisserand parameter to enable
direct comparison of orbital classification with spectral and physical
one. Table 2 provides the orbital elements (a, q, ω, Ω, and i) of all
meteors for which spectral and double-station observations are
available. The heliocentric orbital parameters are followed by the
Tisserand parameter TJ, and the meteor shower designation.

In order to get an insight into the chemical composition of
collected spectra, the emission from multiplets Mg I (2), Na I (1),
and Fe I (15) has been analysed according to the Borovička et al.
(2005) meteor spectra classification. According to this classifica-
tion, the most distinct classes are irons, Na-free, and Na-rich.
However, a majority of meteoroids represents one of the main-
stream classes: normal, Na-poor, Fe-poor, and enhanced Na
meteoroids. The contribution of Mg I (2), Na I (1), and Fe I (15)
multiplets to our meteor spectrum was measured frame by frame
in a video. Next, these measures were summed to obtain their
integrated intensity along the atmospheric path of the meteor. The
spectral response correction, removal of the blackbody continuum
and atmospheric lines was also applied before the Na/Mg and Fe/
Mg intensity ratios were calculated.

3.1. Meteor spectra description

Fig. 2 shows examples of a meteor spectra measured with 500
and 1000 grooves/mm grating. In the figures we present mostly
the brightest meteor spectra. Those meteors were recorded
simultaneously by other AMOS stations to facilitate trajectory and
orbit calculations. This allows us to identify them as members of
particular meteor showers: November λ Draconids, σ Hydrids, μ
Virginid, and one sporadic meteor (No. 1, No. 3, No. 8, and No. 32,
respectively). The spectra presented in Fig. 2 and the line inten-
sities plotted in Fig. 3 are obtained by integration along the whole
path of the meteor, i.e. we sum up signals for a given wavelength
that is read from each frame with spectrum individually.

The spectrum of the σ Hydrid (No. 3) meteoroid has been
captured together with spectrum of Jupiter. The latter is used
to obtain the spectral response of a camera. Another
three cases are examples of difficulties that we may come
across during data reduction process. For example, a few
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Fig. 2. Examples of meteor spectra of November λ Draconids, σ Hydrids, μ Virginids, and sporadic meteor (Nos. 1, 3, 8, and 32, respectively). In the right column are shown
profiles of meteor spectra without sensitivity correction.
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frames of a video with meteor No. 1 are saturated. Therefore,
we did not use them to determine the total integrated profile of
the November λ Draconid spectrum. Similarly, when a part of a
recorded meteor spectrum occurs outside the field of view of
the camera, the integrated profile that we analysed does not
include that part of the spectral information. We captured also
lines of meteoroid and/or atmospheric origin but without a
meteor itself (zero order). These are shown in the last two
examples in Fig. 2, where μ Virginid and sporadic No. 32 are
outside the field of view, on the left.



Fig. 3. The measured relative intensities of the Mg I (2), Na I (1), and Fe I (15)
multiplets. Line intensities are obtained by integration along the whole path of the
meteor.

Fig. 4. Meteor beginning height as a function of speed. Our data (red) are com-
pared to those derived by Borovička et al. (2005), defining several classes of
meteors; symbols represents: ■ normal, � Na-poor, ♦ Fe-poor,▴ enhanced Na, �
irons, ◯ Na-free, and ▵ Na-rich. The lines mark the mean beginnings of average
strength meteoroids and their limits obtain empirically in Borovička et al. (2005).
(For interpretation of the references to colour in this figure caption, the reader is
referred to the web version of this paper.)

Fig. 5. Observed spectra of two Southern δ Aquariids meteors integrated along
their trajectory; presented without the spectral response correction.
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In Fig. 2 it appears that meteor No. 1 (M ¼ �6) is brighter than the
brightest case in our sample meteor No. 8 (M ¼ �8:7). Both meteors
were captured using the 500 grooves/mm grating. The impression that
the fainter meteor seems brighter is caused by the distance of the
meteor from our station. The first meteor in Fig. 2 – No. 1 – was
captured closer to zenith. The meteor No. 8 (the third case in Fig. 2)
was much further from this point, and only the first order of its
spectrum is in the field of view. Thus, the impression that No. 1 is
brighter than No. 8 is a result of the differences in their apparent
magnitudes (caused by their different distance to the station), while
their absolute magnitudes demonstrate the opposite.

The content of σ Hydrid (No. 3) is nearly normal class with sig-
nificantly lower iron, representing Fe-poor class meteoroids. The
material strength of meteoroids is classified by the beginning of the
meteor luminous path. It is observed that depending on an entry
speed and meteoroid mass the ablation starts at higher heights for
meteoroids of cometary origin than meteoroids of the asteroidal one
(Ceplecha and McCrosky, 1976; Koten et al., 2004). The corresponding
graph for our meteors with known heights from double-station
observation is shown Fig. 4. σ Hydrid meteoroid have high begin-
ning heights of ablation (Hb ¼ 118:3 km). Thus, they have an average
material strength that is lower than typically expected for comets. This
is also characteristic for Fe-poor class.

The brightest case in our sample (No. 8) was detected by the AGO
Modra and AFO Ondřejov stations. The determination of its orbit, and
further identification as member of μ Virginid meteor shower, was
possible thanks to private communication with P. Spurny. This meteor
occupies the middle part of the ternary diagram, with the intensity
ratios of Na/Mg¼1.30, Fe/Mg¼1.11 (Fig. 3). Its spectrum is close to
chondritic, classifying our μ Virginid as a normal meteoroid. Moreover,
meteoroid strength parameter KB (Ceplecha, 1968) place our μ Virginid
in groups similar to carbonaceous chondrites (column 13 in Table 1). In
this work, the air density required in the PE and KB equations is taken
from the MSIS-E-90 Atmosphere Model (Hedin, 1991).

In our sample we have also two meteors (No. 11 and No. 12) that
belong to the same meteor shower, i.e. Southern δ Aquariids. Both
meteors were captured using the 1000 grooves/mm grating, though,
only meteor No. 11 was in the field of view for the whole flight. For
meteor No. 12 we have its first order of spectrum only. Interestingly,
the spectra are quite different. While No. 11 meteor is located in Na-
poor class, meteor No. 12 is shifted further, due to a stronger Na line
(Fig. 5). The Na-poor meteoroids with its content do not create a
homogeneous group. In case of meteor No. 11, the most characteristic
feature of its spectrum is a strong emission of magnesium multiplet,
with a low sodium abundance. From our analysis we obtained
intensity ratios: Na/Mg¼0.25 and Fe/Mg¼0.41. Similar behaviour was
reported for another SDA by Borovička et al. (2005) and Cardona et al.
(2013). The value of perihelion distances of these two meteors are
small, q¼ 0:058 AU and q¼ 0:106 AU, respectively. Southern δ
Aquariids are Sun-approaching meteoroids, which explains the lower
content of sodium also in meteor No. 11. Meteoroid that have less
near-sun approaches may experience less strong solar heating, and as
a result retain volatile Na. This is demonstrated by the second SDA
meteor in our sample. For this meteor (No. 12) we obtained intensity
ratios of Na/Mg¼1.09 and Fe/Mg¼0.49. For both SDA meteors the KB
and PE parameter are high, placing them close to the boundary of
ordinary chondrites and carbonaceous chondrites. The material
strength of our SDAs is large, possibly due to the close solar approa-
ches that alter the meteoroid material.

An example of a meteor of asteroidal origin in Fig. 2 is sporadic
meteor No. 32. It is an example of a normal meteoroid spectral type.



Fig. 6. Plot of double-station events in Tisserand parameter and KB criterion space which helps us to link object strength with source region (left). The same in Tisserand
parameter and PE criterion space (right). Varying size of shapes represents logarithm of photometric masses. While colours represent material originating in the Halley type
comets ( ), Jupiter family comets ( ), and asteroidal-chondritic objects (◊).

Table 1
Absolute magnitude, photometric mass, beginning and ending height of the single- and double-station meteors (marked d). Following three columns describe the quality of
captured spectrum (F0 – in the FOV with zero order (meteor), F – in the FOV without zero order, P0 – partially in the FOV with zero order, P – partially in the FOV without
zero order), and average intensity ratios of sodium and iron with the magnesium spectra of reference. Last columns include parameters of KB and PE with a meteor class
according to those parameters (Ceplecha, 1988). Precision of values are on the order of the last digit.

No Meteor ID Mag mp (g) vg (km/s) Hb (km) He (km) Q Na/Mg Fe/Mg Type KB PE TJ

d1 M20131202_230835 �6 17.3 72.2 48.3 123.1 82.6 F0 1.00 0.39 Fe poor 5.97 D �5.73 IIIB 0.70
d2 M20131203_050007 �2 0.22 70.05 41.5 100.8 83.7 F0 0.63 0.53 Normal 7.35 A �5.32 IIIAi 1.44
d3 M20131204_021033 �5 4.9 70.7 58.6 118.3 82.7 F0 0.89 0.33 Fe poor 6.40 D �5.47 IIIAi �0.04
d4 M20140302_030933 �3 0.4 70.1 62.1 114.3 94.7 F0 0.68 0.73 Normal 6.68 C2 �5.89 IIIB �0.13
d5 M20140309_002205 �7 104 711 35.6 109.5 71.4 P0 1.41 0.90 Normal 6.51 D �5.49 IIIA 2.47
d6 M20140312_033755 �5 4.6 70.6 58.3 120.5 81.9 F0 1.16 0.53 Fe poor 6.21 D �5.47 IIIAi �0.29
d7 M20140427_193525 �3 4.1 70.4 21.9 99.8 76.2 P0 1.86 1.00 Normal 6.87 C1 �5.49 IIIA 2.23
d8 M20140427_215250 �8.7 1326 7126 28.3 98.1 45.1 P 1.30 1.11 Normal 7.37 A �4.41 I 2.45
d9 M20140617_231251 �3 1.01 70.11 62.9 112.5 86.1 F0 1.31 0.46 Fe poor 6.94 C3 �5.03 II 0.68
10 M20140725_000836 -.- -.- -.- -.- -.- F0 2.06 0.58 Fe poor -.- -.- -.- -.- -.-
d11 M20140726_001002 �2 0.37 70.06 41.5 94.1 82.0 F0 0.25 0.41 Na poor 7.93 A �4.90 II 2.35
d12 M20140803_010827 �3 1.65 70.20 38.2 92.4 72.6 F 1.09 0.49 Fe poor 8.03 ast �4.63 II 2.74
d13 M20140302_034033 �4 3.89 70.48 38.1 95.0 61.7 F 1.45 0.52 Fe poor 7.76 A �4.42 I 1.13
14 M20140305_022134 -.- -.- -.- -.- -.- F0 0.66 0.44 Normal -.- -.- -.- -.- -.-
d15 M20140424_013244 �1 0.60 70.06 28.3 94.7 70.6 F0 1.03 1.17 Normal 7.56 A �4.44 I 3.20
d16 M20140429_000332 �2 2.25 70.21 32.1 101.2 52.2 P 0.97 0.84 Normal 7.14 B �3.61 I 3.32
17 M20140816_013622 -.- -.- -.- -.- -.- F 1.18 0.81 Normal -.- -.- -.- -.- -.-
18 M20140817_193127 -.- -.- -.- -.- -.- F0 1.37 0.80 Normal -.- -.- -.- -.- -.-
19 M20140817_195614 -.- -.- -.- -.- -.- P0 1.24 1.73 Normal -.- -.- -.- -.- -.-
d20 M20140821_211827 �2 0.28 70.05 43.6 109.9 87.7 F0 0.77 0.69 Normal 6.57 D �5.66 IIIAi 0.98
21 M20140810_210036 -.- -.- -.- -.- -.- F 1.62 0.57 Fe poor -.- -.- -.- -.- -.-
d22 M20140125_014156 �3 0.7 70.1 56.5 111.4 74.3 P0 1.28 0.48 Fe poor 6.79 C2 �4.68 II 0.14
d23 M20140306_185249 0 0.35 70.04 18.4 83.1 60.9 F0 1.81 0.64 Fe poor 8.06 ast �4.17 I 3.43
d24 M20140509_001833 �2 0.05 70.03 55.9 94.1 90.9 F0 1.28 0.62 Normal 8.32 ast �4.96 II 2.74
d25 M20140726_000917 �2 1.0 70.1 36.8 106.9 75.4 F0 1.21 0.72 Normal 6.73 C3 �4.82 II 8.50
26 M20140815_230554 -.- -.- -.- -.- -.- F0 1.36 0.38 Fe poor -.- -.- -.- -.- -.-
27 M20140827_214638 -.- -.- -.- -.- -.- F0 1.60 0.69 Normal -.- -.- -.- -.- -.-
28 M20140623_011139 -.- -.- -.- -.- -.- F0 1.36 0.54 Fe poor -.- -.- -.- -.- -.-
29 M20140714_002000 -.- -.- -.- -.- -.- F0 1.64 0.49 Fe poor -.- -.- -.- -.- -.-
30 M20140808_021713 -.- -.- -.- -.- -.- F0 0.79 0.99 Normal -.- -.- -.- -.- -.-
31 M20141119_030211 -.- -.- -.- -.- -.- F 0.79 1.47 Normal -.- -.- -.- -.- -.-
d32 M20141224_010952 �6 92 79 23.5 86.3 39.5 F 1.33 1.87 Normal 7.95 A �4.10 I 3.32
33 M20141226_002007 -.- -.- -.- -.- -.- F0 0.50 0.29 Fe poor -.- -.- -.- -.- -.-
d34 M20140210_021052 �2 0.11 70.03 57.7 99.5 88.5 F0 0.80 0.93 Normal 7.86 A �5.15 II 1.26
d35 M20140220_185430 0 0.50 70.02 15.0 84.9 52.6 P0 2.56 0.70 Na enhanced 7.70 A �4.08 I 3.38
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Here, the measured average intensity ratios are Na/Mg¼1.33 and Fe/
Mg¼1.87. This 92 g particle has been classified as a member of the A
and I group in the KB and PE meteoroid strength classifications, i.e. a
dense particle.
3.2. Tisserand parameter vs. KB and PE parameters

Meteoroids material strength can be classified into different
populations on the basis of KB and PE parameters (Ceplecha and



Table 2
Orbital elements for the double-station meteors (semi-major axis, perihelion distance, argument of perihelion, longitude of ascending node, inclination, Tisserand para-
meter) and meteor shower assignation. Precision of values are on the order of the last digit.

No Meteor ID a (AU) q (AU) ω (deg) Ω (deg) i (deg) TJ Shower Code

1 M20131202_230835 10.6 0.923 210.5 270.8 81.0 0.70 NLD #441
2 M20131203_050007 5.1 0.918 212.8 251.0 69.8 1.44 DKD #336
3 M20131204_021033 15.5 0.249 120.8 71.9 128.7 �0.04 HYD #016
4 M20140302_030933 11.7 0.683 249.1 341.3 125.9 �0.13 FMV #516
5 M20140309_002205 2.7 0.200 311.1 348.2 3.4 2.47 NVI #123
6 M20140312_033755 139 0.967 161.2 351.3 106.9 �0.29 spo
7 M20140427_193525 4.4 0.762 242.4 37.3 17.8 2.23 ABO #138
8 M20140427_215250 3.03 0.374 290.2 37.366 7.1 2.45 DLI #047
9 M20140617_231251 3.5 0.905 138.0 86.5 138.3 0.68 spo
11 M20140726_001002 2.5 0.058 155.3 302.8 27.6 2.35 SDA #005
12 M20140803_010827 2.2 0.104 147.2 310.5 21.3 2.74 SDA #005
13 M20140302_034033 9.4 0.941 153.3 341.3 61.9 1.13 spo
15 M20140424_013244 2.1 0.377 292.8 33.6 5.5 3.20 GLI #139
16 M20140429_000332 1.9 0.243 308.7 38.4 5.8 3.32 XLI #140
20 M20140821_211827 7.9 0.665 253.6 148.5 72.5 0.98 spo
22 M20140125_014156 13.8 0.638 253.8 304.8 105.2 0.14 spo
23 M20140306_185249 2.1 0.990 186.6 345.9 29.5 3.43 spo
24 M20140509_001833 1.6 0.935 138.3 48.1 122.1 2.74 spo
25 M20140726_000917 0.6 0.021 355.5 122.8 168.8 8.50 spo
32 M20141224_010952 2.1 0.807 238.1 271.9 33.6 3.32 spo
34 M20140210_021052 3.1 0.986 176.5 321.1 113.0 1.26 spo
35 M20140220_185430 2.2 0.892 222.4 331.9 15.8 3.38 spo
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McCrosky, 1976). According to KB parameter, which takes into account
meteor beginning height, meteoroids can belong to groups: A, B, C,
and D. A-group contains particles similar to carbonaceous chondrites
(7:3rKBo8). B-group includes particles of dense cometary material
(7:1rKBo7:3). Regular cometary material is reserved for particles in
C-group (6:6rKBo7:1), which is divided into three subgroups
depending on orbital elements (semi-major axis and inclination). The
last, D-group, consists of soft cometary material (KBo6:6). Later,
Ceplecha (1988) also added a fifth group, asteroidal (‘ast’), for
meteoroids with KBZ8:00.

Unlike KB parameter, PE takes into account the terminal point of
the luminous trajectory (Ceplecha and McCrosky, 1976). Depending
on values of PE, groups of meteoroids are divided into following
groups. Type I are particles associated with stony asteroidal material
(�4:6oPE). Type II is associated with carbonaceous material of
either asteroidal or cometary origin (�5:25oPEr�4:6). Type III is
split into two subtypes: Types IIIa (�5:70oPEr�5:25) and IIIb
(PEr�5:70), both are assumed to be cometary in origin.

The Tisserand parameter with respect to Jupiter may be used to
distinguish between types of orbits (cometary, asteroidal) as they have
vastly different orbital parameters related to their source regions. It is

obtained according to: TJ ¼ aJ=aþ2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ða=aJÞð1�e2Þ

q
cos i, where

aJ¼5.2 AU is the semimajor axis of Jupiter, and a, e, i are the semimajor
axis, eccentricity and inclination of the meteoroid, respectively
(Table 1). Objects with T43 are not Jupiter-crossing and are therefore
associated with asteroids (Nos.: 15, 16, 23, 32, 35). Nearly isotropic
comets have To2 (long-period and Halley-type, Nos.: 1, 2, 3, 4, 6, 9,
13, 20, 22, 34), while ecliptic comets have T42 (Jupiter family comets,
Nos.: 5, 7, 8, 11, 12, 24). One of the orbits is retrograde with a small
semi-major axis (No. 25). Meteoroids on Halley type orbits have
mostly weak type material represented by KB and PE parameters
(Table 1), but there are some exceptions like case No. 13. The
meteoroid strength varied more widely in the group of JFC and HFC.
The correlation between the Tisserand parameter and the KB and PE
criterion is shown in Fig. 6. The asteroidal group is composed of only
the strongest category of meteoroids in our sample, which is naturally
expected. The KB parameter correlate with PE parameter in most cases
mentioned in Table 1, but there are exception (e.g. No. 13, No. 16),
where KB parameter (function of beginning height) suggests regular
cometary material while PE parameter (function of terminal height)
indicates ordinary chondritic material. This might be explained by
different components in meteoroids (weak and strong) or by different
internal structure of the same meteoroid material. According to
Ceplecha (1988) small particles of cometary origin were also observed
in the group A or group I.
4. Conclusion

This work provides first results from the recently initiated Slovak
meteor spectroscopic survey. We demonstrated how the inclusion of
spectroscopic cameras significantly expands the meteor information
that can be obtained from the existing AMOS system: spectroscopy
analysis is a powerful tool for understanding meteoroids and their
parent bodies (Borovička et al., 2005; Jenniskens, 2007; Kasuga et al.,
2005; Rudawska et al., 2014; Trigo-Rodriguez et al., 2003). In this
study we analysed a sample of meteor spectra collected by AMOS-
Spec camera since November 2013. The main conclusions of this work
are as follows:

� Until the end of 2014 the AMOS-Spec camera system collected
433 meteors with meteor spectra of variable quality. The
difficulty in the spectra reduction and analysis is caused by
occurrences such as saturation, the presence of the Moon, the
acute angle of the meteor or missing part of the spectra in the
field of view. In consequence, 8% of collected meteor spectra
were used for further analysis, i.e. 35 cases.

� We have obtained the trajectory, radiant and orbital elements for
22 meteors of analysed cases. According to the Tisserand para-
meter, among them are: ten cometary Halley type meteors, six
Jupiter family comet type meteors, and five asteroidal meteors.

� Moreover, we observed also one retrograde orbit with a small
semi-major axis. Meteors with high inclinations and retrograde
cometary-type orbits with asteroidal physical properties were
observed already in the past (Harvey, 1974; Spurný and Bor-
ovička, 1999; Borovička et al., 2005). Their orbital properties
suggest a cometary origin. It is still unclear how these high-
strength material could be on cometary type orbits. The exis-
tence of such a population of meteoroids could be connected
with the inhomogeneous interior of comets (Borovička et al.,
2005), or they could be fragments of retrograde NEAs transferred
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to retrograde orbits due to near main-belt resonances (Green-
street et al., 2012). However, in comparison to the cases pre-
sented in the literature, the sodium line in the spectrum of our
high-inclined retrograde meteor is visible and is relatively similar
to magnesium. The classification according to KB and PE criteria
indicates that meteor No. 25 is also cometary in nature.

� The emission spectrum produced by meteors in our sample has
provided the relative abundances of the main elements in the
meteoroid. In addition to the orbital elements of individual
meteors, we calculated the parameters KB and PE, which are
connected with the composition and strength of meteoroids.
Most of the detected meteors have normal type spectra, with
such exceptions as Fe-poor class members. Even though spectra
observed by us belong to the mainstream types, our results
show also some diversity of material on Halley type and Jupiter
type cometary orbits (similar to Borovička et al., 2005; Kikwaya,
2011). As Fig. 6 shows, the meteoroid strength varied more
widely in those groups as well.

� The majority of collected meteor spectra are meteors that represent
single members of a given meteor shower or sporadics. The
exceptions are two meteors that belong to Southern δ Aquariids
meteor shower (SDA, #005). Our result, even from two cases,
implies that the SDA do not create a homogeneous meteoroid
stream, and perhaps it was not formed in one perihelion passage.

� We are particularly interested in meteor showers that originate
from asteroids. Among collected data we have some cases of
meteors of asteroidal origin. However, our sample is too small yet
to provide statistically significant conclusions yet. We do plan to
continue observations of meteor showers of asteroidal origin.

� The AMOS-Spec camera covers intermediate limiting magni-
tudes between faint meteors (Borovička, 2001; Borovička et al.,
2005; Jenniskens et al., 2014; Rudawska et al., 2014) and
fireballs (Borovička, 1993; Madiedo et al., 2013). Already gath-
ered data and preliminary analysis show that the meteor
spectroscopic survey initiated by Slovak Video Meteor Network
will support well other existing meteor spectroscopic observa-
tions (mostly carried out during meteor shower campaigns),
which will allow us to create a database of elemental composi-
tions for meteoroids on known orbits.

� We plan to improve the AMOS-Spec. For example, we work on
the way to avoid Moon in the field of view. Improvements
should let us reduce the amount of spectra that are hampered
and/or deteriorated by the Moons light, which at the moment
reaches 14% of collected data.
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