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DOUBLE STATION OBSERVATIONS
OF TELESCOPIC METEORS IN MYKOLAIV

Meteor research using TV CCD unintensified techniques was started in 2011 at Rl “MAQO”. The method of meteor reg-
istration is based on the combined observation method developed at Rl “MAQO”. The main accent of the research is made
on the precise astrometry and meteoroid orbits calculation. In 2013 first double station meteors with low baseline were ob-
served. Estimation of uncertainties of visible radiant equatorial coordinates, geocentric velocity and heliocentric meteoroid

orbit parameters was carried out.
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The telescopic meteors are the meteors observed
by photographic or television systems having a
field angle less than 10° (lens focal length is over
50 mm) [2, 3]. The vast majority of researchers
around the world (both amateurs and profession-
als) use systems with a field angle over 20°, which
as a rule, are capable of recording meteors with a
magnitude of, at least, (2—3)™ [2]. In some cases,
image intensifiers that, in addition to raising the
system sensitivity, have an option of image scal-
ing and expand the field of view [4] are used. How-
ever, such systems have a number of disadvanta-
ges (high cost, inertness, low spatial resolution).
Therefore, the meteor telescopes of RI «MAO»
have no image intensifiers. It has been found that
systems with a small field of view and, therefo-
re, with a high spatial resolution are promising
in terms of studying the meteors weaker than
(2—=3)"[5].

TOOLS AND METHODS OF OBSERVATIONS

The first observations of meteors in test mode
commenced at the RI «xMAO» in 2011. In 2013 —
2015, regular observations of meteors by mod-
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ernized complex of telescopes using CCD televi-
sion devices (Watec cameras) were conducted.
The following optical systems were used for ob-
servations: Canon 85 f/1,8 (f=85 mm) and
LOMO f/2,0 (f=100 mm) lenses [2, 6, 7]. The
complex is based on meteor telescope design in
a sealed waterproof capsule [6, 7], which enables
to make observations without shelter in the auto-
matic mode.

The meteor observations were made using the
combined method [1]. The basic principle of the
combined method is the separation of imaging the
reference stars and the object studied. The first
advantage of the method is the possibility of ob-
taining a more accurate reference system due to
summing with shift a large number of frames with
stars (750 frames), which is a prerequisite for sys-
tems with a small fields of view (<10°). The sec-
ond advantage is the simultaneous possibility of
recording the object with a maximum frame rate
(50 half-frames per second in interlaced scan mo-
de), which increases the time resolution of mea-
surements and, as a result, improves the accuracy
of kinematic parameters. The mean-square error
of the reference system is (3—6)", the maximum of
star distribution by magnitude is 10™.
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OBSERVATION RESULTS

In 2011—2016, the RI «MAO» system of TV
meteor telescopes recorded 9377 single station
meteor trajectories. In 2013, from March till May,
a remote base station (telescopes 2 and 4, see Ta-
ble) was operating at a distance of 5 km from RI
«MAO» station (telescopes 1 and 3, see Table).

The MAO station coordinates are ¢=
=46°9716N; A=31°9730E. The remote station
coordinates are ¢ =46°.9550N; L =32°.0394E.

Since September 2014, a remote base station
(telescopes 5, 7, and 9, see Table) was launched
at a distance of 11.8 km from the RI «MAO»
station (telescopes 6, 8, and 10, see Table). The
coordinates of remote station are ¢ =46°.8716N;
A=32°.0183E.

Table shows the number of meteor trajectories
recorded by pairs of base telescopes, number of
nights when, at least, one meteor was reported, as
well as the number of reference meteors. In
2013—2016, the base observations resulted in
1236 meteor trajectories.

METEOR TRACK PARAMETERS DETERMINED
BY ONE-WAY OBSERVATIONS

For the meteor trajectories obtained by single
station observations the following parameters we-
re evaluated: duration in seconds; track angular
length in degrees; track angular width in degrees;

integral magnitude of the meteor; coordinates of
the pole of the large circle of meteor trajectory
(PLCMT) and their errors, in degrees. These pa-
rameters can be used for single station identifica-
tion of meteors with streams [3]. Time duration
of observed meteors varies within 0.05—0.6 sec-
onds; 70% of meteors has a duration ranging with-
in 0.1—0.2 s. The number of half-frames for the
same trajectory varies from 1 to 30, 86% of meteor
trajectories has more than 3 half-frames, which
enables to determine more reliably the angular
and, in the case of the reference meteor, the linear
velocity as well as to make analysis of meteor ac-
celeration. The track width of 90% meteor trajec-
tories ranges within (0.01—0.02)°. The meteor dis-
tribution by integral magnitude and angular length
has maxima at 3™ and 1°, which is interpreted as
predominance of faint and short meteor trajecto-
ries typical for the telescopic meteors.

Average random error for the PLCMT coordi-
nates is (0.05—0.1)°. The number of processed
tracks taken for statistical analysis is 2869. The
dependence of random error of PLCMT coordi-
nates on integral meteor magnitude shows an in-
crease in the error for magnitudes fainter than 2™
Typically, random error of the PLCMT coordi-
nates grows as the length of observed trajectory
decreases. The random error of the PLCMT coor-
dinates does not exceed 0.02° for magnitudes over
2™ and angular lengths larger than 1.5° [5, 6].

Statistical Data of Observations for Base Telescope Pairs

Telescope . Azimuth, | Altitude, Field angle, . Reference
.~ Period deg. deg, deg. f,mm | D, mm Nights Meteors meteors
! 01.2013—05.2013 630 80.50 4.2x3.2 85 1.8 67 161 18

9 201305, 3577 | 8050 2x3. /1 18 66

3 10.50 80.50 101 185
1.2013—07.201 4.2%3.2 1. 4

g | 0120130720131 oo 80.50 x3 8 | /18 55 167 >

5 1.79 61.02 317 1083
06.2013—07.2016 4.2%3.2 85 1.8 520

6 374 65.25 x // 500 92991

7 4.89 50.74 171 605

g 06.2013—07.2016 10.96 6448 4.2x3.2 85 | f/1.8 439 oy 277

9 355.79 59.23 240 820

10 06.2013-07.2016 | 359 74 66.12 3.6x2.7 100 | £/2.0 337 1153 376
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METEOR PARAMETERS DETERMINED
BY DOUBLE STATION OBSERVATIONS

These parameters include the radiant equatorial
coordinates, geocentric and heliocentric velocities
and elements of the meteoroid heliocentric orbit
(semi-major axis, perihelion distance, eccentricity,
declination, argument of perihelion, longitude of
the ascending node). The radiant position (Fig. 1)
is calculated according to the Bolin rule, i.e. as coor-
dinates of «the pole of the large circle of the meteor
circle poles» [3]. Average random error of the radi-
ant equatorial coordinates is estimated as 0.5° for
right ascension and as 0.4° for declination (Fig. 2).
About 80% of meteor trajectories has an error less
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Fig. 1. Map of individual meteor radiant points in the equa-
torial system
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Fig. 2. Distribution of standard deviations of radiant coor-
dinates: a — right ascension; b — declination
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than 0.2°, which is comparable with the accuracy of
radiant calculations published in the Journal of the
International Meteor Organization (IMO WGN)
[8, 9]. Anomalous errors are also possible (>2°
reaching tens of degrees), which has been reported
in foreign catalogs. This is caused by spatial arrange-
ment of the actual meteor trajectory in relation to
the base line. If the trajectory and the base are in the
same plane, then the calculation of the radiant coor-
dinates is impossible, insofar as the trajectory pro-
jections observed from the two stations do not have
a crossing point that, according to the Olbers prin-
ciple, is the radiant [3]. About 10% of the observed
meteor tracks is oriented at a small angle to the base
line and therefore has anomalous error of the radi-
ant equatorial coordinates calculation.

For 347 out of 1236 reference meteors, the basic
parameters of the atmospheric path (apparent and
geocentric velocities and altitude above sea level)
and the elements of heliocentric orbits, as well as the
radiant coordinates have been calculated with the
radiant coordinates adjusted for diurnal aberration
and zenith attraction [3]. The key linear parameters
of the atmospheric trajectories are direct range (the
perpendicular from the observer to the meteor tra-
jectory) and height. Most of the meteors (>80%)
was recorded at a direct range of 70—130 km and at
a 70—150 km height of the middle of the track. It
should be noted that for small bases (<30 km) and

suboptimal angle of intersection of the telescope
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Fig. 3. Distribution of meteor geocentric velocities (a) and
their standard deviations (b)
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Fig. 4. Meteoroid heliocentric orbit elements, dependences: @ — semi-major axis on eccentricity;
b — argument of perihelion on perihelion distance; ¢ — perihelion distance on declination; d —
eccentricity on declination

fields of view the linear parameters are slightly over-
estimated. That is why out of 481 two-way trajecto-
ries observed in 2013—2014, the orbits and atmo-
spheric parameters have been calculated for 347
trajectories only. In the future, the telescopes are ex-
pected to be redirected in order to optimize the base
and to determine the trajectory more accurately.
The distribution of meteors by velocities (Fig. 3)
shows a predominance of the meteors of cometary
origin (peak at 60 km/s) over that of asteroid one
(peak at 10—15 km/s) [10, 11]. Based on the calcu-
lation results a catalog of meteoroid heliocentric or-
bits including the parameters of atmospheric trajec-
tory and equatorial coordinates of adjusted radiants
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has been being formed. A graphical presentation of
the elements of meteoroid orbits is showed in Fig. 4.
Standard deviation of velocity averages 0.5 km/s.
Random error of heliocentric orbit elements is eva-
luated by the following standard deviations:

+ Semi-major axis — 3.5 A.U.;

+ Eccentricity — 0.03;

+ Declination — 0.6

+ Argument of perihelion — 1.4°.

CONCLUSIONS

In 2011—2016, 9377 meteors were observed; 1236
of them by base observations. The coordinates of
the pole of large circle of meteor trajectory and
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the equatorial coordinates of meteor apparent radi-
ants have been estimated with a random error of
(0.05—0.1)° and (0.4—0.5)°, respectively. For 347
meteors the heliocentric orbit elements and atmo-
spheric trajectory parameters have been obtained
with radiant coordinated corrected. A catalog of
heliocentric orbits is under formation.
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BA3UCHI CIIOCTEPEXEHHA TEJTECKOIITYHUX
METEOPIB ¥ m. MUKOJIAEBI

¥ 2011 p. B HAI «MukosaiBchka acTpoHoMiuHa obcep-
Baropisgy» (H/I «MAO») posmouaTo foctikeHHst METEOPiB
3 BUKOPHCTaHHSM TeJeBi3iitHol TexHiku. MeTos peecrtpartii
MEeTeopiB 3aCHOBaHUI Ha KOMGIHOBAHOMY METOJI CIocTepe-
skerb, pospobaeromy B HIT «MAO» [1]. OcobmBy yBary
30cepe/iPKeH0 Ha BUCOKOTOUHIH acTPOMETPii Ta PO3paxyHKy
esieMenTiB opbiT MeTeopoimis. ¥ 2013 p. posmoyaro mepiiri
OJIHOYACHI CIIOCTEPEKEHHSI IBOMA CTAHI[SIMU 3 MaJioto Oa-
3010 (< 20 km). [TpoBenena orinka BeJIMYUH BUTIAIKOBHX T10-
XHOOK y PO3PAXYHKY eKBATOPIaJbHUX KOOPAUHAT BUAUMOTO
pamianTa, reoleHTPUYHOI NIBUIKOCTI Ta MapaMeTpiB Tesio-
LHeHTPUYHOI 0pOiTH MeTeopoia.

Kuwouoesi cnoea: mereop, Mereopoil, KoMGiHOBaHMIA Me-
TOJL CIIOCTEPEKEHD.
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BASMCHDBIE HABJIIOJIEHWA TEJTECKOIINMYECKNX
METEOPOB Br. HUKOJIAEBE

B 2011 r. s HUU «Hukonaesckas acTpoHOMUYECKasA 00-
cepsaropust> (HUU «<HAO» ) HauaTbl HaGJI101eHYSI METEO-
POB C UCTIOIb30BAHUEM TEJICBU3NMOHHOM TeXxHUKU. MeToz pe-
[UCTPAIUK METEOPOB OCHOBAH Ha KOMOUHUPOBAHHOM METOJIE
Habuozenuii, pazpaboranHom B HUM «HAO» [1]. Ocoboe
BHIMaHME y/IeJIeHO BBICOKOTOYHOHM aCTPOMETPUN U PacueTy
3JIeMeHTOB opouT MeTeopouoB. B 2013 1. 3atiyIieHs! riepsbie
OJIHOBPEMEHHbIE HAOJIIO/IEHUS] METEOPOB JIBYMSI CTAHI[USIMU C
Masioii 6asoii (< 20 km). [IpoBe/ieHa OLIEHKa BeJIMYKH CJIydaii-
HbIX HOI‘peH.IHOCTeﬁ B BbIYMCJICHUUN 9KBATOPHUAJIbHBIX KOOP/IN-
HAT BUMMOTO PA/MAHTA, TEOIEHTPUUYECKON CKOPOCTH U dJie-
MEHTOB TeJIMOLEHTPUYECKOI OPOUTHI METEOPOU/IA.

Kuarwueesoie cioea: mereop, MeTeOPOU, KOMOMHUPOBAH-
HBII MeTO/ HaOMIOeHUIA.
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