A RADIOLOCATION EXPERIMENT FOR THE DETECTION OF THE VARIATION
OF METEOR ECHO CHARACTERISTICS WITH THE DIRECTION
OF THE ANTENNA BEAM

A. HAJDUK

Astronomical Institute of the Slovak Academy of Sciences,
Bratislava, Czechoslovakia

Abstract: Observational data from an experiment of recording radar meteor echoes with the antenna beam alter~
natively directed to a shower radiant and 90° from the radiant, at the same elevation, are presented. The obser-
vations were made at the time of the Orionid meteor showers in 1962 and 1963, and some of the results have
been published elsewhere (Hajduk, 1975). Variations of the mean echo duration, echo amplitude, amplitude fluc-
tuations and other charact eristics are tabulated in this paper.

Observations

In addition to the previous paper (Hajduk,1975)
dealing with the results of an experiment carried
out with meteor radar of the Ondfejov Observato-
ry, the relevant observational data are presented
here in more detail.

The time intervals, of particular observations
are listed in Table 1, where A is the azimuth ,
A A the azimuthal difference between the direc-
tion of the antenna beam axis and the shower
radiant. As the antenna is fixed at the elevation
of 45° and steerable in azimuth, the observations
at A A =0° have been made with antenna beam
axis directed into the shower radiant and the ob-
servations at A A = 180° at a right angle to the
shower radiant. Check observations were made

with the antenna orientation to the north (A =
180°).

Echo Durations

As it was shown in the mentioned paper, the
differences in hourly rates and in the proportion
of long duration echoes can be explained by the
presence of shower meteors also in observations
with antenna beam axis oriented into the shower
radiant (see also Mclntosh, 1968). The shower
meteors appearing in these observations mostly
refer to overdense trains at higher distances.
The relative numbers of echoes and the mean
values of the echo duration in four duration lev-
els can be found in Tables 2 and 3.

Echo Amplitudes

The mean values of echo amplitudes do not
show any significant changes with antenna ori-
entation. If the smallest echo amplitudes are
excluded (y < 4 in relative units, measuring the
vertical size of the echo image on the range-
time record), a decrease of the mean echo ampli -
tude was observed at A A = 0° "The variation
‘of echo amplitude with radiant position relative
to the antenna beam axis can be examined in
more detail in Tables 4,5 and 6. The range dis-
tribution of echoes of different cathegories of
amplitude shows a very broad maximum at A A=
0° as compared with the other two cases. This
can be explained by the elimination of the main
shower maximums in the range distribution of
echoes, because the condition of specular reflec-
tion is not fulfilled at the distances of about
170 km, contrary to the regular observations at
A = 180° (see McKinley and Millman, 1949 and
Hajduk, 1968). An other aspect of this problem
can by swdied using the variation of the fluce
tuation rate of echo amplitudes with range.

Amplitude Fluctuations

Two categories of echo amplitude flucmations
have been examined: short period fluctuations
less than 1 second (category a) and long period
fluctuations of more than 1 second (category b).
The variation of the fluctuation rate with the
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Table 1

Year Month Day Int. No. Obs. time N.u Int. No Obs. time Nait
Observations at A A = 180° (shower period)
62 10 19 1 01:30-02:30 156 6 06:10-07:10 130
62 10 21 2 01:30-02:00 37 7 06:10-07:10 119
63 10 22 3 01:30-02:00 93 8 06:10-06:40 105
63 10 23 4 02:00-02:30 86 9 06:40—-07:10 73
62 10 24 5 02:00-02:30 89 10 06:40—-07:10 77
Observations at A A = 0° (shower period)
62 10 19 11 - - 16 - -
62 10 21 12 02:00-02:30 26 17 - -
63 10 22 13 02:00-02:30 35 18 06:40-07:10 40
63 10 23 14 01:30-02:00% 9 19 06:10—-06:40 55
62 10 24 15 01:30-02:00 31 20 06:10-06:40 52
Observations at A = 180° (shower period)
62 10 20 21 01:30-02:30 193 23 06:10-06:10 181
62 10 23 22 01:30-02:30 138 24 06:15-07:15 121
Observations at A A = 180° (background)
62 ] 10 27 25 01:30-02:00 39 26 06:10—-06:40 48
Observations at A A = 0° (background )
62 10 27 27 02:00-02:30 19 28 06:40—-07:10%% 21
*Net time 22 min,
XXNet time 20 min.
Table 2
Shower period Summary data Background
A A =180° AA=0° AA =180° A A = 180° AA=0°
(Int. 1-10) (Int. 11-20) (Int. 21-24) (Int. 25—26) (Int. 27-28)
Nall/h 148 74 158 87 48
N 965 248 633 87 40
N720.5 R 301 89 220 28 19
NT2 1s 94 33 69 8 7
™>5s 27 11 19 1 0
T 0.36 0.42 0.39 0.36 0.44
720.5s 0.99 1.19 0.98 0.90 0.83
F>1s 3.01 3.77 2.90 2.05 1.27
7>5s 11.84 20.39 9.77 5.50 -
NrelZO.S s 31.2 35.9 34,8 32,2 47.5
Neetz 1 2.7 13.3 10.9 9.2 17.5
Nmz 5s 2.8 4.4 3.0 1.1 0.0
Yaul 4.93 4.93 5.23 4.94 4.60
Vo> 4 5.44 5.35 5.59 5.11 4.78
N 767 204 547 80 36
Iéall 198.5 220.0 195.4 212.9 201.5
RR<300 167.1 179.6 172.2 167.0 168.9
R<300 841 209 567 70 35
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Table 3

all 7>0.5s T>1s T>5s
Int. No. N rlcg N N‘,el rlog N N:el log el
1 156 0.37 56 35.9 0.97 17 10.9 2.7 6 3.8
2 37 0.33 11 29.7 0.82 4 10.8 1.4 0 0.0
3 93 0.35 25 26.9 1.04 7 7.5 4.8 3 3.2
4 86 0.38 25 29.1 1.19 10 11.6 3.9 5 5.8
5 89 0.38 31 34.8 0.89 10 11.2 2.1 2 2.2
6 130 0.38 45 34.6 0.86 11 8.5 2.4 2 1.5
7 119 0.39 40 33.6 1.16 14 11.8 3.9 5 4.2
8 105 0.37 29 27.6 1.00 8 7.6 3.8 2 1.9
9 73 0.29 14 19.2 0.97 5 6.8 2.3 0 0.0
10 77 0.38 25 32.5 1.02 8 10.4 3.5 2 2.6
11 - - - - - - - - - -
12 26 0.48 10 38.5 1.56 4 15.4 7.0 2 7.7
13 35 0.35 9 25.7 1.62 4 11.4 4.4 2 5.7
14 9 0.38 5 55.6 0.68 1 11.1 1.5 0 0.0
15 31 0.48 10 32.3 1.30 5 16.1 2.8 1 3.2
16 - - - - - - - - - -
17 - - - - - - - - - -
18 40 0.41 19 47.5 0.90 5 12.5 2.8 1 2.5
19 55 0.41 20 36.4 1.09 7 12.7 3.2 2 3.6
20 52 0.41 16 30.8 1.51 7 13.5 4.9 3 5.8
21 193 0.39 76 39.4 0.94 24 12.4 2.4 6 3.1
22 138 0.50 65 47.1 0.99 22 15.9 2,6 5 3.6
23 181 0.36 44 24.3 1.24 14 7.7 5.4 7 3.9
24 121 0.34 35 28.9 0.81 9 7.4 2.4 1 0.8
25 39 0.45 16 41.0 0.95 5 12.8 2.4 1 2.6
26 48 0.31 12 25.0 0.84 3 6.3 1.6 0 0.0
27 19 0.51 10 52.6 0.92 5 26.3 1.2 0 0.0
28 21 0.38 9 42.9 0.75 2 9.3 1.3 0 0.0

range in different observations can be seen in

Table 7.

It can be clearly recognized that both the fluc-
tuation rate per second (N ;. ) and the relative
number of fluctuations (Np;,/N,;)! in the obser=
vations with beam directed into the radiant
‘A A =0° e.g. Int. No.11-20 of Table 1) continu-
ously decreases up to the range 160-185km,
and increases again towards larger distances.
The only significant exception is the range inter-
val 190-215 km. ’

The range interval 160—185 km coincides with
the specular reflection in regular observations
of the Orionids at A = 180° (see Hajduk,1968).
The absence of shower meteors in the observa-
tions at A A = 0° even in this range interval,
suggests a dependence of the fluctuation rate on
the orientation of a méteor train. The fluxctuation
rate increases with increasing angular distance
between the train and the beam axis.

In the same way we can explain an increase of
the fluctuation rate at the range interval 190-215
km at A A = 0° as mentioned above. In the period

of the Orionid shower Taurid meteor showers are
already active. The difference in A.R. between
the radiants of the Taurids and the Orionids is
about 45°. Hence, at the time when the axis of
the antenna beam is oriented to the Orionid show-
er radiant (at A A = 09), the Taurid radiants are
45%from the beam axis.-Due to the higher decli-
nation of the radiant, the maximum of recorded
Taurid meteors is shifted towards larger .distan-
ces. This location of the Taurids in the range

distribution of echoes has been also shown in
the analysis of the Orionid data (Hajduk,1968).

Head Echoes

The number of meteoric head echoes recorded
is small due to the limited observing time. How-
ever, in comparison with the usual method of
observation at A = 180° when 10 head echoes
were recorded in 4 hours, at the observatians
at A A = 0° only 2 head echoes were recorded
in 3.4 hours. The observations at A A = 180°
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Table 4 Table 5_§ggl_tinued
AA = 180° . N ‘ -
y 2 3 4 5 6 7 8 10 11 12 13 2 3 45 6 7 89 10 11 12 13
R
85 1 : 180 1 3 111
90 2 2 2 | 185 3 2 2 1
95 2.1 1 ! 190 2 21
100 16 3 1 1 | 195 1 41 1
105 1 26 3 3 2 1 200 2 1 2
110 1 9 6 5 2 2 4 1 205 .61
115 1 413 1 2 4 1 210 2.1 2 1 1
120 1 986 3 1 3 1 | 215 1 3 2 1 1
125 395 2 2 2 1| 220 11 1
130 813 2 2 4 2 1 1 225 1 1 2 1 1
135 2 1213 6 5 2 3 2 2 230 3 2 1
140 1 101610 9 7 1 s 1 1 235 2 1
145 1 1215 3 6 1 6 2 2 | 240 3 3 1 1
150 1 199 3 3 1 2 2 1 | 245 11 3 1
155 714 8 4 3 312 E 250 12 1
160 1 1111 5 5 3 1 1 1 1 | 255 1
165 4 8 6 5 4 2 [ 260 1 3 2 1
170 810 6. 4 1 1 265 ' 1
175 1 51 2 1 1 1 ; 270 . 3 1
180 1 718 2 3 1 1
185 1 556 3 1 2
190 461 3 11 __ Table 6
195 5 7 4 1 1 A = 180° _
200 8 4 3 1 y2 3 45 6 7 89 10 11 12 13
205 2 6 3 1 1 R :
210 53 1 1 85 1
215 4 5 1 4 2 90 2 1
220 351 4 2 2 95 2 2 2 1
225 2 43 5 1 2 : 100 1 5 4 1
230 75 2 3 1 1 | 105 2 2 4 11
235 2 3 2 3% 1 . | 110 511 2 11
240 2 6 4 4 1 5 115 4 7 3 3 1
245 2 6 1 3 1 120 1 612 3 3 1 020 1
250 2 2 1 1 1 | 125 4 3 3 1 2
255 361 1 ¢ 1 1 130 211 2 2 1 3 1
260 1 7 4 1 1 135 1 8 7 3 4 2 1 1 1
265 15 2 140 510 5 3 1 1 1
270 166 21 145 4.9 2 5 1 21 1
150 10 4 7 1 2 3
155 1 45 2 1
: Table 5 160 1 7 4 7 1 2 1 1
AA=0° 165 6 6 3 1 1 1
y 2 3 45 6 7 8 100 11 12 13 170 2 5 4 1 2 11 1 1
R : 175 333 1 1 1 1
85 1 180 .11 4 1
90 1 185 153 2 4 4
95 1 190 1 5 4 2 4 1 1 2 1
100 1 1 195 9 2 2 2 1 2 1 1
105 1 200 73 1 2 23 1
110 1 2 1 205 1 43 1 1 1
115 3 1 1 210 15 1 113
120 1 41 1 2 215 4 2 1 1
125 2 2 1 220 2 8 4 1 1
130 3 1 225 2 2 1 311
135 31 1 1 1 1 230 1 3 4 4 2 21
140 213 1 235 111 2 1
145 2 2 1 1 240 2 7 1 111
150 3 1 1 245 2 8 1 1 11
155 2 3 2 250 1 3 1
160 2 7 2 2 1 255 3 3 2 2 11
165 31 1 260 2 6 3 1 1 :
170 311 2 1 2 265 1 3 1
175 3 1 270 2 4 2 1_2
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Table 7

AR Int. No. NA R Niin (2) Nincwy | Nmin @’ | Nmin /S | Nmin (2)/NAR Nmin (b)/NAR
70 1-10 11 20 11 1.44 0.44 1.82 1.00
11-20 3 6 111 0.33 2,00 1.67
125 21-24 8 16 5 1.50 0.25 2.00 0:63
130 1-10 13 36 23 1.63 . 0.35 2.77 1.77
11-20 5 10 4 1.20 0.18 2.00 0.80
155 21-24 13 24 12 1.32 0.35 1.85 0.92
160 1-10 21 46 39 1.53 0.28 2.19 1.86
11-20 8 12 7 1.24 0.09 1.50 0.88
185 21-24 17 39 14 1.52 0.31 2.29 0.82
190 1-10 9 19 7 1.56 0.26 2.11 0.78
11-20 5 6 9 0.75 0.50 1.20 1.80
215 21-24 10 23 16 1.52 0.34 2.30 1.60
220 1-10 28 55 41 1.53 0.29 1.96 1.46
11-20 9 15 14 1.27 0.18 1.67 1.56
275 21-24 15 40 29 1.76 0.29 2.67 1.93
300 1-10 34 80 32 1.67 0.17 2.35 0.94
11-20 8 23 26 1.84 0.26 2.88 3.25
600 21-24 10 31 15 1.97 0.24 3.10 1.50
1-10 116 256 153 1.58 0.26 2.21 1.32
R,, 11-20 38 72 65 1.29 0.21 1.89 1.71
2 21-24 73 173 91 1.60 0.29 2,37 1.25

give 17 head echoes in 6.5 hours. As thehead
echoes appear within the most sensitive region
of the radar we can conclude that the proportion
of head echoes belonging to the shower meteors
in regular observations may be even higher than
2:1 as it was estimated previously (Hajduk,1972).
The lack of head echoes at AA = 0° may be due
to geometrical effects of the head echo fommation

Most of the head echoes observed were imme-
diately followed by long duration echoes.

Conclusions

The present data in connection the results de-
rived previously from the same experiment (Haj-
duk, 1975), support a fairly large variation of the
echo parameters in dependence of the angle be-
tween the antenna beam axis and the position of
the meteor radiant.

The geometry of the reflection modifies the
range distribution of echoes at different ampli-
tude levels. The amplitude fluctuation rate in-
creasis with increasing angular distance to the-
position of radar. The ratio of head echoes shows

a strong dependence on the trail orientation, pre-
ferring meteors passing at high angular distance
from that of parallel with the beam axis.

"'Due to the radiant distribution of sporadic me-
teors, with concentrations in particular directions
(Hawkins, 1956; Davies, 1957) and with seasonal
changes (Stohl, 1968), the hourly rates and other
parameters of sporadic meteor echoes should also
depend on the direction of the antenna beam.
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EXPERIMENT NA URCENIE VARIACIE CHARAKTERISTIK RADAROVYCH OZVIEN
METEOROV ZMENOU SMERU LOKACIE METEORICKYCH STOP

A.HAJDUK

Astronomicky dstav Slovenskej akadémie vied,
Bratislava, Ceskoslovensko

Sdhrn

Prica obsahuje dal3ie vysledky experimentu uskutocneného v obdobi Cinnosti meteorického roja Orio-
nid vr. 1962 a 1963 metbédou striedavych zmien smeru osi anténnej sistavy. Dopliia predchddzajticu pré-
cu (Hajduk,1975) dal$imi analyzami. Pre tri zvolené smery anténneho zvazku voli radiantu roja si uréené
frekvencie ozvien jednotlivych kategbrii trvani, priebeh ‘strednych hodndt trvani a amplitid pozdiz osi
vzdialenosti a dalSie charakteristiky radarovych ozvien meteorov. Vysledky ukazujd zavislost fluktudcie
amplitid ozvien a vyskytu elnych ozvien meteorov od geometrickych faktorov.

PAZIMOJIOKAUMOHHBI IKCTIEPUMEHT AJi5i JETEKLMM U3MEHEHUA XAPAKTEPUCTUK
METEOPHHX 3XO C HAINPABJIEHMEM A0 CJIEJA METEOPA

A. XAH]JVE
Acmponomuneckui uncmumym Cr06ayKo0l axadermuu Hayx,
bpamucaasa, Yexocrosarus

PeswoMme

Ipennaraiorcs pe3yabTarb 9kcnepumerpa ¢ 1962: (19-24 oxT.) u 1963 (22-23 okr.) rr. no Habawone-
HAAM DAIMo9X0 METeopoB C M3MEHeHMEM HaNpaBieHusi aHTEHHbl B COTBETCTBMM C PajMaHTOM noroka, [o-
NOJMHSIOTCS JaHHble NpemmecTByouero anamsa (Xainyk, 1975). IlpuBoasTcs yacoBbie uMc/ia 9XO 1O Ka-
TeropusM AJMTeJbHOCTEl, CpeiHMe 3HAUCHUS AANTENbHOCTE! U aMILIUTYA 9X0 B pacnpejeneHy uX najb -
HOCT€it M [pyrue XapaKTepuCTUKM METeopHbIX 9Xo. PesyibraThi HabmoAeHni MOKa3biBAOT 3aBUCUMOCTb
dayKTyaimit aMIumT yi 9X0 ¥ 4acoThl NOSBJEHUS MOJOBHBIX 9X0 OT MeoMeTpUYECKX 3¢ deKToB,
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