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Abstract. Radar meteor echo data obtained by the equipment of thesOndfejov Astronomical Observatory in 1961—
1969 during the periods of the Orionid shower activity are presented. The hourly rates of echoes are given in four
duration classes. The echo amplitude distribution in the range scale and some other characteristics of the shower

and corresponding background are tabulated.

1. Introduction

The investigation of the Orionid meteor shower
has been included in the observational program of
the meteor radar equipment of the Ondfejov Astro-
nomical Observatory. During the period 1961—-1969,
about 40 000 meteor echoes have been observed
consisting of both shower and background activity
in a total observation time of 278 hours. Some re-
sults deduced from these observations have been
published earlier (Hajduk 1968a, 1968b, 1970).

Fig. 1. Examples of radar meteor echo records (Ondfejov 1965). The markers at the bottom indicate 1 sec. intervals,
horizontal lines are range markers in 50 km distances.

The apparatus of the Oadfejov meteor radar has
been discrebed in detail by Plavcova and Simek
(1960). The main characteristics of the apparatus
are as follows: radio frequency 37.5 Mc/s, peak
power 18 kw; beam width 52° in the vertical plane
between half power points.

The observations presented here were carried
out by the antenna fixed in elevation of 45° and in
azimuth of 180% The reductions of the radar re-
cords have been made at the ‘Astronomical Insti-
tute of the Slovak Academy of Sciences in Brati-
slava by measuring the 35 mm film record on a pro-
jection screen. Examples of records are in Fig. 1.
Each meteor echo is displayed twice on the record,
once single and the other time doubled. The dis-
tance between the single and the double echo cor-
responds to 300 kms. The true train distance is

¥ .

given by the single echo. The broad dark trails
close to the 0 — and 300 km marks correspond to
direct transmitted pulses and ground echoes.

The echo characteristics, considered in this ar-
ticle bave been read off with the following accu-
racy: time of appearence in secords; distance from
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the station to the nearest 5 km (including range
intervals 70—-270 km and 340-550 km); echo dura-
tion in tenths of a second. Echo amplitudes have
been derived from the range-time record in relative
units corresponding to a width of 0.05 mm of the
echo image measured perpendicularly to the film’s
motion at its brightest point. The determination of
meteor echo amplitudes from the range-time rec-
ord has been made earlier by means of independent
methods (Hajduk 1965b). Most of the data have
been reduced by therdigital computer ZRA 1 of the
Slovak Academy of Sciences.

The summary of observations is givenin Tab. 1,
where N is the number of echoes on the correspon-
ding date, t the net observing time in hours and
minutes, and f the mean hourly rate.

2. Hourly rates of echoes

In Tab. 1-5 these observations are listed in de-
tail. Tab. 2 includes observations of all echoes,
Tab. 3 echoes with duration 7>0.5 sec., Tab. 4
— echoes with 7>1 sec., and Tab. 5. echoes with
7>5 sec. Some of the records were not suitable

a

90

45

360

315

90-z

-1 50
- 40

270 — - 30
- 20
- 10

1 L L 1
21 0 3 6 9 h(cer)

Fig. 2. The position of the Orionid shower mean radiant
in dependence on the time (CET) for the geographic
itude of the Ondfejov Observatory; A — azimuth,
z — zenith distance.

for a precise determination of the echo durations,
therefore data on echoes with longer durations

are not complete. (Note: the echo frequencies on
Oct. 22 and 23, 1966 are questionable due to the
extreme noise level interfering at that time). The
date of each observation in each Table refers to
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the nearest time of radiant culmination which takes
place at about 04"20™ CET; this means e.g. that
the firstobservation in Tab. 2 begins at 22:00 CET
on Oct. 19, 1961.

There are many factors affecting radar meteor
echo duration. The correlation between the visual
magnitude and radar echo duration of meteors shows
a very wide spread (Lindblad 1956, Millman and
Mc Kinley 1956). A comparison of the hourly rates
of echoes with different duration, obtained with
more sensitive equipment, could therefore help
to solve the problem of relative importance of dif-
ferent factors involved.

Comparing the hourly rates of echoes of differ-
ent duration classes in Tab, 2-5 it was found (Haj-
duk 1968a) that the percentage of echoes with lon-
ger duration decreases symmetrically with decreas-
ing zenith angle of the shower radiant, reaching
a maximum at the radiant culmination. The motion
of the shower radiant in both azimuth and eleva-
tion is shown in Fig. 2, constructed for a = 93°,
& = 15°% geographical latitude ¢ = 50° and time
scale in CET (Central European Time).

3. The variation of echo amplitude and duration
with time

The question of the activity variations of the
Orionid shower in the visual and radar observations
since the beginning of this century, including most
of the results presented here, has been anélysed
earlier (Hajduk 1970). Additional data for the study
of the mass distribution along and across the
stream that could be derived trom the distribution
of the mean echo amplitude y (in relative units, as
mentioned above) is seen in Tab. 6, and the var-
iation of mean log duration r is in Tab. 7. The
meaning of the quantities in Tab. 6 and 7, given
for each hour and date, is as follows:

y= 2’: = lyi/n'

where only echoes with y>4 rel. units are taken
into account;

T1og = ©xp &f= 1 (n7) /m)

for the same material. The reason of this restric-
tions is to eliminate the influence of smaller ampli-
tudes, many of which can disappear in the noise
disturbances or due to the imperfections of the e-
mulsion. The observational material is made more
homogeneous in this way.

Both parameters y and 7 show relatively high
values in 1961, indicating probably a greater pro-
portion of larger particles in the corresponding part
of the stream. On the other hand, the data from 1961
are extended to the day-time hours in which the
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duration of echoes increases due to the better i-
onisation conditions in the atmosphere. This is
shown in Tab. 7. In comparing the summary data
of Tab. 1, itmust be taken into account. that there
are not always the same periods of the day com-
pared. In spite of this, the difference in values
of y and 7 are too high in 1961, and we are incli-
ned to explain them by the equipment properties
causing change of the echo image.

4. The variation of the echo amplitude with range

According to the relations of Kaiser and Closs
(1952) and Greenhow (1952), the echo amplitude A
corresponding to a meteor train with a constant
value of the electron line density x depends on the
range R as a function of R™¥2. This dependence
is combined with the effect of the directional di-
agram G (9, ¥) of the aerial gain in vertical and
horizontal planes. Angles 3 and ¢ are measured
from the beam axis in both planes. The product
R™3/2 G (9, ¥) determines the relative sensitivity
in the point of given coordinates with respect to
the beam axis. The sensitivity contours of the On-
diejov meteor radar for a surface at the height of
100 km have been constructed by the author (Haj-
duk 1965a).

The real distribution of amplitudes in range can
be seen in Tab. 8, containing the number of echoes
recorded with a given amplitude (y) and range (R).
All echoes from a period of Oct.19.-24.1961 are
included in this Table. An increasing number of
higher values of amplitudes at the range of 170—
175 km in comparison with those at the range of
120-125 km is clearly recognizeable. The former
range is occupied mostly by the shower meteors
in donsequence of the fact, that for along time the
Orionid trains recorded at this range fulfill the
condition of specular reflection. The renges about
120-125 km represent the maximum in the range
distribution of sporadic meteors, detected with the
highest sensitivity of the apparatus. This effect
can be used for the separation of the sporadic
background from shower meteors (McKinley and
Millman 1949, Hajduk 1968).

The observed amplitude variations with range
can be shown in the distribution of amplitudes a-
long the range scale. Tab. 9. has been constructed
for a period of Oct. 19-24, 1961, 07:00~-12:30 h
(CET), when the range distribution of echoes was
characteristic for the sporadic distribution (inclu-
ding a small number of shower meteor echoes on-
ly). The echo numbers are here divided by the fac-
tor 4y, expressing the distance along the spherical
surface of the meteor layer between the zenith

point of the radar equipment at the height of 100
km and a given meteor train recorded at the dis-
tance R from the apparatus. Factor d; is connec-
ted with R by the relation

_m H?+ 2R H + 2R% — R?
“R= 150 (Rg + H) cos—! E E

2R%, 4 2RgH

where Ry is Earth’s radius and H the atmospheric
height of the meteors investigated.

In this way the lines of constant values of Np/dy
in Tab. 9 define the ampliwude-range dependence
for a uniform electron line density, irrespectively
of its numerical value.

The calculated values of the factor dy are given
in Tab. 10 for H = 100 km and different R. The
third and the fourth column of Tab. 10 contain the
totals of echo numbers observed at different dis-
tances corresponding to the ”sporadic” period of
Oct. 19-24, 1961, 07:00-12:30 h (CET), the form-
er with, and the later without echoes for which
y <5 rel.units. The fifth and the last column give
analogous totals for the whole ”shower” period of
Oct. 19-24, 1961 as represented in Tab. 2.

The dependence of echo amplitude on range can
be demonstrated using the mean values of the am-
plitude of ten brightest meteors observed at dif-
ferent ranges. This is denoted as y;, in Tab. 11,
deduced from the observations on Oct.20,1961. The
arithmetic mean y for all echoes observed at dif-
ferent distances is in the next column of Tab. 11.

For the sake of comparison, the values of
mean log duration (rbg) of the same echoes are giv-
en in Tab. 11, where

Tlog = €xP 2,x£=l (n7)/n

The corresponding echo numbers in the last col-
umn in Tab. 11 conclude these data.

Acknowledgement. The author wishes to express his
thanks to the staff of the radar meteor research at On-
diejov for the kind help in obtaining the observational
data and to Mr. A. Aldor for his assistance in the reduc-
tion of the radar records and in numerical calculations.

REFERENCES

Greenhow, J.S., 1952: Proc. Phys. Soc., 65, 169.

Hajduk, A., 1965a: Bull. Astron. Inst. Czechoslov.,
16, 132.

Hajduk, A., 1965b: Bull. Astron. Inst. Czechoslov.,
16, 135.

Hajduk, A., 1968a: In: Phys. and dynam. of meteors
(I. A. U. Symp. 33). Ed. . Kresak and P. M. Millman.
Dordrecht, D. Reidel Publ. Co. 45.

145

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



Hajduk, A., 1968b: Bull. Astron. Inst. Czechoslov.,
19, 338.

Hajduk, A., 1970: Bull. Astron. Inst. Czechoslov.,
21, 37.

Kaiser, T.R., Closs, R.L., 1952: Philos.Mag., 63,
1

Lindblad, B.A., 1956: Medd. Lunds Astron. Observ.

Ser. I., No. 198.

146

Mc Kinley, D.W.R., Millman, P.M., 1949: Publ.
Dom. Observ., 11, No. 8.

Millman, P.M., Mc Kinley, D.W.R., 1956: Contr.
Dom. Observ., 2 No. 20.

Plavcova, Y., Simek, M., 1960: Bull. Astron. Inst.
Czechoslov., 11, 6.

Kresakova, M.. 1966: Contr. Skalnaté Pleso, 3, 75.

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



Table 1

N t / N t f
1961 Oct. 20 | 2983 13h27m 221.8 1965 Oct. 20 494 05" oo™ 98.8
21 | 1979 10 54 181.6 21 328 03 56 83.4
22 | 2245 12 41 177.0 22 365 03 26 106.3
23 706 06 04 116.4 Nov. 3 305 02 54 105.2
24 | 1363 13 31 100.9 4 666 03 02 219.6
2| 348 [03 14 107.6 1966 Oct. 19 | 232 | 01 46 1313
1962 Oct. 8 347 02 47 124.7 20 761 05 42 133.5
9 550 03 30 157.1 21 957 04 49 198.7
10 468 03 08 149.4 22 807 03 36 224.2
16 894 08 04 110.8 23 834 03 50 217.2
17 | 1088 07 09 152.2 24 | 1259 05 01 251.0
;g gz; (1); g? iég; 1967 Oct. 20 857 07 30 114.3
' : 42 91.6
21 | 1253 | 09 50 127.4 2L} 797 | 08 "
23 | 1128 | o8 38 130.7 22| 2l ) 08 124'3
2 | 1075 |08 12 131.1 23 | 1064 | 083 o
27 821 08 57 91.7 24 507 0713 703
Nov. 4 919 08 26 109.0
1963 Oct. 22 | 1885 10 32 179.0 5 135 01 19 102.5
23| 141 | 1053 132.4 1968 Oce. 19 | 859 | 02 34 334.1
1964 Oct. 16 206 02 45 74.9 20 743 02 38 282.4
1965 Oct. 14 435 02 46 157.2 1969 Oct. 21 203 03 56 51.7
15 373 02 11 170.8 22 404 04 41 86.3
19 326 02 34 127.0
Table 2
Hourly rates ot all echoes
1961
Oct. 22 23 00 01 02 03 04 05 06 07 08 09 10 11
20 141 190 195 220 249 261 278 329 324 292 174 160 156 106
21 127 180 168 217 265 299 212 181 156 99 91
22 90 109 200 235 233 258 226 229 183 179 169 138 86 61
23 120 123 130 137 124 117 64
24 94 129 107 123 149 145 100 85 86 129 79 70 67 51
29 113 115 101 94
1962
Oct.
8 104 144 122
9 140 177 176 117
10 82 138 169 177
16 86 98 107 147 133 114 128 97 74
17 122 154 147 146 169 167 185 129
19 128 148 160 136 132 122 137 93 96 86 68 76
20 114 167 202 175 192 187 197 145 126
21 85 123 129 104 166 122 145 137 144 115 150
23 114 132 130 147 133 142 125 122 128
24 124 96 169 145 140 119 132 137 114
27 105 78 65 119 76 111 90 113 91 62
A4
1963
Oct
22 110 148 167 169 126 218 225 242 M7 189 183 134
23 117 117 144 113 175 135 149 246 143 143 130 105 77
147
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Conmtinuation Table 2

1964
Oct. 22 23 00 01 02 03 04 05 06 07 08 09 10 11
16 97 83 50
1965
Oct.
14 145 170 156
15 151 181 204
19 178 137 94 108
20 201 132 84 83 69 60
21 164 127 74 71
22 213 104 89 53
Nov.
3 120 52 148
4 206 220 240 105
1966
Oct.
19 197 133
20 105 120 150 121 151 153 78
21 237 232 192 183 152 168
22 215 150: 196 235 194 168
23 253: 191: 144: 227: 234
24 312 320 289 188 143
1967
vct
20 109 167 144 138 140 107 83 57 36
21 79 96 91 101 105 89 116 101 104 75
1967
Oct.
22 85 124 148 126 171 164 148 160 202 150
23 133 152 115 129 136 140 106 116 101
24 89 85 80 74 81 83 68 60
Nov.
4 95 76 146 116 136 116 108 99 95
S 102 108
1968
Oct.
19 443: 372: 348:
20 264: 290: 399: 345:
1969
Oct.
21 90 224 174 147 91 71
22 123 103 136 129 80 35
148
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Table 3

Hourly rates of echoes with duration 7 > 0.5 sec.

1961
Oct. 22 23 00 01 02 03 04 05 06 07 08 09 10 11
20 71 90 100 112 128 137 114 127 131 | 125 74 72 75 55
21 66 86 81 86 82 107 78 73 83 50 48
22 42 57 99 100 82 130 96 108 71 78 72 60 46 34
23 65 56 56 52 54 35 31
24 43 68 47 59 60 57 33 27 30 39 32 33 24 24
1962
Oct.
17 43 37 54 38 35 38 52 31
19 48 70 45 42 37 34 47 24 34 28 27 28
20 44 62 94 68 65 70 56 39 30
21 38 51 39 32 47 33 36 43 52 34 90
23 55 65 45 53 39 36 35 43
24 49 3 62 55 47 38 46 42 39
27 4 1 1 0 4 2 1 2 5 4
1963
Oct
22 45 56 45 43 33 60 51 66 60 58 49 43
23 48 40 46 | 37 47 29 35 52 48 32 31 37 20
1965
Oct.
14 52 44 36
15 46 50 40

19 19 22 10 36
20 45 25 11 10 14
21 40 25 12 12
22 41 19 16 12
Nov.

3 30 11 39

4 59 45 47 15

Table 4
Hourly rates of echoes with duration 7 > 1.0 sec.

1961

Oct 22 23 00 01 02 03 04 05 06 07 08 09 10 11
20 29 31 34 42 37 38 27 28 28 31 17 32 35 28
21 21 20 29 28 26 27 26 19 30 23 21
22 12 20 29 32 35 45 27 26 23 27 16 22 15 5
23 20 16 20 21 23 _ 14 19

24 8 30 21 14 23 28 11 11 9 13 13 9 11 12
1962
Oct.

17 24 15 22 5 3 9 26 13

19 18 21 15 11 16 6 12 9 14 8 9 8
20 12 14 25 25 15 20 14 6 10
21 14 10 13 15 11 12 11 14 16 1 30

23 16 18 14 17 12 6 9 14

24 13 13 25 17 16 5 19 11 11

27 22 8 13 7 8 4 7 10 10 6
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Continuation Table 4

1963

Oct. 22 23 00 01 02 03 04 05 06 07 08 09 10 11
22 21 23 19 15 16 29 27 25 13 24 15 14

23 15 17 9 7 18 6 12 16 15 14 11 13 8

1965

Oct.

14 17 19 4

15 9 15 12

19 8 11 3 0

20 18 12 5 4 8

21 20 8 8 7 2

22 13 7 9 6

Nov.

3 9 6 16

4 22 15 11 0

1966

Oct,

19 13 4

20 5 10 8 11 -5 6 6

21 ‘ 15 20 12 11 10 19

22 8 11 8 10 15 24

23 14 7: 10: 23 14

24 16 18 13 14 17

1967

Oct.

20 21 .18 12 9 8 3 4 7

21 8 20 6 13 10 14 4 3 5 15

22 12 23 11 13 8 15 13 10 5 8

23 17 18 8 12 12 7 1 8 9

24 11 10 3 3 2 5 4 5

1968

Oct.

19 38: 29: 24:

20 35: 27: 24: 20:

1969

Oct

21 10 8 14 12 14 9 0
22 ) 5 2 11 17 6 0

Table 5
Hourly rates of echoes with duration 7 > 5.0 sec.

1961
Oct 22 23 90 01 02 03 04 05 06 07 08 09 10 11
20 0 5 4 2 3 12 5 12 5 7 4 11 13 13
21 2 4 4 1 3 10 . 10 8 10 5 2
22 9 6 11 13 7 13 9 10 11 10 7 7 4 3
23 0 4 4 4 6 5 5
24 2 5 1 3 4 10 5 5 3 6 2 2 3 4
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Continuation Table 5

1962
Oct.

22

23

03 04

08

Q9

10

11

17
19
20
21
23
24
27

1963

22
23

1965

14
15
19
20
21
22
Nov.
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w
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Variation ot mean echo amplitude with time

Table 6

1961

22

23

00

01

02

03

04

06

07

08

09

10

20
21
22
23
24

7.5
7.4
6.5
5.8
5.7

6.6
7.5
7.2
6.2
6.6

7.3
7.7
6.6
6.0
6.5

6.8
7.0
6.4
6.1
6.3

7.0
6.5
6.1
5.9
6.2

7.3
6.9
6.7

5.8

6.9

6.8

6.3

7.2

6.6

7.2
6.6
7.4

6.2

7.3
6.8
6.9
5.8
6.3

7.4
6.6
6.8
5.8
7.1

6.9
6.9
7.0

5.8

7.1
6.4
6.7

4.7

1962

6.1

5.5
5.8
5.7
5.7
6.2
5.6
5.7

5.8
5.1
5.5
5.5
6.3
5.3
5.1

5.5
5.5
6.0
5.2
5.5
5.6
5.5

5.5
5.3
5.7
5.3
5.8
5.7
5.4

5.4
5.3
5.3
5.2
5.6
5.7
5.2

5.2
5.4
5.7
5.2
5.6
5.7
5.2

5.3
5.6
5.8
5.0
5.5
5.7
5.4

5.1
5.4
5.7
5.3
5.5
5.6
5.4

5.4
5.2
5.4
5.3
5.4
5.1

5.3

5.0

4.9

5.7

5.4

5.4
5.0

5.3
5.5

5.2
5.3

6.2
5.7

5.1
5.3

5.4
5.1

6.2
5.1

6.2
5.6

5.7
5.4

5.5
5.2

5.4
5.0

5.2
5.1

4.9
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Continuation Table o

T

1965
Oct. 22 23 00 01 02 03 04 05 06 07 08 09 10 11
14 5.6 5.5 5.6
15 5.8 5.8 5.7
19 5.3 5.4 5.4 6.4
20 5.8 5.6 5.8 4.9 5.2
21 5.6 5.4 5.5 5.5 4.8
22 5.3 5.3 5.3 S.4
Nov.

3 5.8 5.7 5.8

4 6.1 5.6 5.7 7.2

Table 7
Variation of mean log duration with time

1961
Oct 22 23 00 01 02 03 04 05 06 07 08 09 10 11
20 0.47 0.46 0.51 0.51 0.51 0.56 0.44 0.42 0.42 0.42 0.49 0.62 0.64 0.14
21 0.54 0.47 0.54 0.41 0.39 0.41 0.41 0.46 0.60 54 0.55
22 0.50 0.54 0.53 0.50 0.42 0.51 0.47 0.50 0.52 0.55 0.49 0.51 0.58 0.57
23 0.51 0.46 0.47 0.44 0.56 0.42 0.68
24 0.46 0.58 0.48 0.45 0.45 0.51 0.45 0.44 0.42 0.42 0.47 0.52 0.48 0.62
1962
Oct.
17 0.39 0.30 0.36 0.36 0.25 0.27 0.39 0.34
19 0.37 0.46 0.31 0.33 0.39 0.36 0.40 0.36 0.45 0.39 0.44 0.39
20 0.42 0.36 0.45 0.43 0.37 0.38 0.36 0.32 0.31
21 0.47 0.42 0.21 0.46 0.35 0.34 0.35 0.37 0.43 0.35 0.64
23 0.47 0.35 0.42 0.39 0.35 0.33 0.35 0.44
24 0.38 0.44 0.43 0.41 0.39 0.35 0.42 0.37 0.38
27 0.44 0.41 0.45 0.32 0.35 0,32 0.35 0.33 0.37 0.39
1963
Oct.
22 0.46 0.49 0.38 0.38 0.36 0.39 0.28 0.30 0.36 0.43 0.40 0.45
23 0.41 0.44 0.37 0.40 0.37 0.33 0.34 0.38 0.38 0.37 0.35 0.45 0.35
1965
Oct.
14 0.38 0.32 0.30
15 0.33 0.33 0.30
19 029 o030 029 [0.33
20 034 |031 |0.27 |o.24 [o0.33
21 0.36 0.27 0.32 0.34 0.22
22 0.25 |o0.26 |0.29 {o0.37
Nov.

3 0.32 0.31 0.34

4 0.33 0.29 0.27 0.20
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Table 8
Amplitude — range distribution of echoes

y
R 3 41 5|1 6} 7 8] 9|10 J11 |12 | 13| 14|>14 R 3 4151617 819 |10 |11 |12 | 13| 14|>14
75 41 21 51 3 350 111813110 7 913 3 213 2 2
80 31 7160 51 2] 21 355 3110 9f11] 5| 3 2
85 21 31 7] 3| 8 211 360 7132|1721 |12 | 4] 3| 2] 4] 1 1] 1
90 |6 13) 6] 8] 3| 5| 1] 1] 2 1 365 7025|2150 6| 5| 1] 1
95 512711926 9|12} 4| 3| 3| 4 1|1 370 al37|1sf1af o 11| 1|s]| 2] 4
100 51283612312 10| 2| 2| 3| 7] 4 10 375 s|34l16|251 8| 6| 6| 4| 4
105 313712413023 |12 6|12 41 3 1 380 13 136 129118 |13 715 1 212 112 1
110 fi7|39|42]|4720f15| 7|12 | 9| 4] 4 4 385 | 6|20]22)1a) o) ol 211|211 2
115 19| 72150146 |20 {21 |17 | 14 514511 5 390 7123|1414 5 512 3 1
120 P21 8117773 |26 |31 |13 |15 12| 5| 2|1 5 395 2118121 7] 2 2
125 P2169(50|58124 29|12 |19| 6| 6] 2|2 3 400 sl29f17|13) 9|12 4|3 |3]6}j1iL]3
130 P8 10217264 |28 {2618 |20 (20| 9 3|3 3 405 7129120110 3 711 bl
135 1915615914929 {2710 11| 8J12 |5 |3 5 410 10§24 20|15 3 6l s 1 31212
140 191775315829 |31}20]30|14|14]6}|6 | 8 415 9l24f11] 83| 4| 1 1 114111
145 131965752122 |28)15 |14 12| 7}13]2]6 420 15 (3222111 6| 4{ 3 5 3 1 1
150 9167|5247 (29 |22j13 |19 |13|10 } 2|1 9 425 8129 8|1 6|1 4 1 5 2
155 12| 47 38|30 |24 |26 |12 |15 5131112 430 |11 |36 |11|14 | 4 4 3 1
160 16 | 76 |43 |48 |24 12119 |17 11|11} 2} 3 4 435 7|16 8| 8| 4 2 1 2 1
165 13| 5448|4128 |30]|13 |21 |12}16 | 4| 2 6 440 6| 14]12]11] 6 3 1
170 14| 75|60}51 |30 |31]20 |31 (18|13 ) 4| 2 9 445 11 9] 6] 4] 3 3
175 111634341126 ]125)16 )16 |24 8 1314 6 450 21131 8] 6} 3 1] 2 1
180 13561394229 |14|12| 8116|13 | 6|5 3 455 4 8111 6| 3 2 111
185 111341292519 |13} 5 S111| 9| 51]4 3 460 6122(12) 9 1 2
190 1152462520 )21 )11 |13 |13)12 ]| 5] 3 2 465 4117) 3| 4| 1 21 2
195 9142139133118 |26} 3 7 316112 1 470 411211011 ] 4 1
200 6128|2338 |19|10| 3 6 4112 1312 7 475 S|111| 7| 311 2 1
205 211711913020 (19} 5 5 6] 3121 480 12 (23]12])10 1 3
210 5134121127 |19}113}| 8| 6 5141313 4 485 1111 6|10} 1 1
215 2140028133 (17|19 6 7 51713 490 6 51 4] 41 2 111
220 6|44 30|28 |15 |15 3| 4|10) 3| 2} 4 495 51 2 1
225 2120|1616 |14 51 5 3 61 31|1 1 500 1 S| 41 3| 2 1 1
230 |3|24(34|16|15 (11| s{ 8] 1| 2]2]1{2 505 | 3] 7] 6 1 1
235 1120)15]19 10 21 3 3 315 1 1 510 2113) 5| 4
24C 20122125113 ]12 8112 4 51312 2 515 1 41 7] 5 1
245 2117|118} 7|14 51 21 .2 1 1 2 520 1 71 3] 4 1 1
250 9l 8| 3] 4| 7| 2| 6| 2] 6 11 525 1| 4| 2| 4| 4
255 10l 91 717 6] 1] 3] 3]2]1 2 530 1| 4| 4] af 211
260 111201612 )11} 1} 4| 3} 1|1 535 1] 2] 2| 4 1
265 sfi0f12] 7 7 1 7 2 311 540 4 1 1
270 1| 6] 9{10}] 3} 4| 1| 6| 1| 2 545 1] 1
33D 1) s 1f 1} 31| 1] 1] 1|1 550 31 1) 1) 1]1
345 2 51 21 5 5 3 2 1
Table 9
Amplitude — range distribution of reduced echo numbers
y
R 3 4 5 6 7 8 9 10 11 12 13 14 >14
105 6.2 58.8 34.1 58.8 24.8 9.3 9.3 21.7 6.2 3.\1
110 2.2 26.0 39.0 51.9 15.2 10.8 6.5 15.2 8.7 4.3 6.5 4.4
115 7.0 62.9 35.0 35.0 15.7 17.5 14.0 10.5 5.2 1.7 7.0 1.7
120 1.5 38.9 28.4 25.4 16.4 22.4 9.0 12.0 4.5 3.0 3.0 L5 3.0
125 6.6 41.0 17.2 19.8 9.3 18.5 93 11.9 2.6 5.3 L3 2.6
130 7.2 27.5 28.7 20.3 .8 9.6 13.1 6.0 8.4 6.0 2.4 2.4
135 5.5 10.9 8.8 14.2 7.7 6.6 4.4 5.5 4.4 5.5 2.2 2.2
140 2.0 22.3 11.1 15.2 11.1 9.1 3.0 12.2 4.1 3.0 2.1
145 0.9 17.0 17.0 9.5 4.7 6.6 0.9 2.8 2.8 3.8 0.9 0.9
150 2.7 16.0 10.6 9.8 5.3 2.7 2.7 5.3 3.5 1.8
155 1.7 18.4 4.2 7.5 6.7 4.2 1.7 2.5 0.8 0.8
160 12.7 7.1 5.6 2.4 4.0 3.2 2.4 1.6 1.6
165 1.5 11.3 6.0 6.0 9.8 5.3 3.8 L5 2.3 2.3 0.8
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Continuation Table 9

y
R 3 4 5 6 7 8 9 10 1 11 12 13 14 >14
170 2.2 7.2 5.8 4.3 2.2 7.2 2.9 3.6 2.2 3.6 0.7 0.7
175 1.4 11.7 6.2 6.9 L4 2.1 4.1 L4 2.8 0.7 0.7 0.7
180 0.7 4.6 5.3 4.0 3.3 2.7 3.3 0.7 1.3 1.3 13 0.7 0.7
185 0.6 3.8 3.8 3.2 13 2.5 1.9 0.6 0.6 0.6
190 1.2 8.0 7.4 1.2 1.8 1.8 1.2 0.6 2.5 1.2 0.6 0.6
195 1.8 7.1 5.9 5.9 2.4 2.4 0.6 0.6 0.6 0.6
200 2.9 4.0 4.0 1.1 0.6 0.6 1.1 0.6 0.6 1.8
205 0.6 2.2 2.8 3.3 2.2 3.9 L1 0.6 0.6
210 1.1 4.3 3.8 4.8 1.6 1.6 0.5 0.5 1.6 0.5
215 5.7 3.1 5.2 1.6 1.0 1.6 2.6 1.0 0.5 0.5
220 1.0 5.1 2.5 5.1 0.5 0.5 0.5 0.5 1.0
225 3.0 2.0 1.0 1.0 L5 1.0
230 1.0 1.9 3.4 3.4 0.5 1.0 1.0 0.5 0.5 0.5 0.5
235 2.8 0.9 2.8 0.5 0.5 0.5 0.9 1.4
240 L4 3.6 0.5 2.3 1.4 2.7 0.9 0.9 0.5 0.5
245 0.4 2.2 0.4 0.9 2.2 1.8 0.9 0.9 0.4
250 1.3 0.9 0.4 0.4 1.3 0.4 0.9 0.4
255 0.4 0.8 0.8 2.1 0.8 0.4 0.4
260 0.4 0.4 1.2 0.4 0.8 0.4 0.4 0.8 0.4
265 0.4 1.2 0.8 0.8 1.2 0.8 0.8 0.8
270 0.4 0.8 1.2 0.8 1.2 0.4
340 0.3 1.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
345 0.3 0.9 0.3 0.6 0.3 0.3
350 2.7 1.8 0.6 0.3 2.1 0.3 0.3 0.6 0.3
355 0.9 0.6 1.7 0.3 0.9
360 0.3 3.4 2.0 2.6 1.4 0.6 0.3 0.6
365 0.3 3.1 1.4 1.4 1.1 0.6 0.3
370 1.1 5.6 2.2 1.1 0.6 1.4 0.3 0.6
375 0.5 3.6 1.6 3.0 0.8 0.5 0.5 0.3
380 1.4 3.2 2.4 1.9 1.1 0.8 0.8 0.3 0.3 0.3
385 1.3 2.1 2.7 0.5 1.1 0.3 0.3 0.5 0,3
390 0.3 2.4 1.3 1.3 0.3 0.3 0.3 0.3
395 2.1 1.6 1.0 0.3 0.5
400 0.8 3.6 1.3 2.0 0.8 1.8 0.3 0.3 0.5 0.5 0.5 0.3
405 0.8 2.8 2.3 L5 0.3 0.3 0.8
410 0.7 2.0 1.7 1.2 0.2 0.7 0.7 0.2 0.2
415 0.2 2.2 0.5 0.5 0.2 0.5 0.2 0.2 0.2 0.2
420 0.5 2.9 2.9 0.7 0.5 1.0 0.2 0.7 0.5 0.2 0.2
425 0.5 4.1 0.7 0.2 0.7 0.7 0.2
430 0.7 3.6 1.4 1.9 0.5 0.7 0.5
435 0.9 1.4 0.9 0.7 0.2 0.2
440 1.2 0.9 1.4 0.7 0.2 0.2
445 0.9 0.7 0.2 0.2 0.2
450 1.6 0.9 0.2 0.5 0.2 0.2
455 0.2 0.9 0.7 0.7 0.4 0.2
460 0.7 1.8 0.7 0.7 0.4
465 0.2 1.1 0.2
470 0.2 L5 0.4 0.9 0.4
475 1.1 0.6 0.4 0.2 0.2
480 0.2 1.5 1.3 0.2 0.4
485 0.8 0.6 1.7 0.2 0.2
490 0.2 0.2 0.4
495 0.6 0.4
500 0.4 0.2 0.4
505 0.2 0.6 0.2 0.2
510 0.4 0.8 0.4
515 0.4 0.2
520 0.2 0.2 0.4
525 0.2 0.4 0.2
530 0.6 0.2 0.2 0.4
535 0.6
540 0.6 0.2
545 0.2 0.2
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Table 10

R 19R,H =100 km | Nsp,y>3 | Nsp,y>5 | Nsb,y>3 | Nsb,y>s R ldp =100 km | Nsp,y>3 | Nsp.y>s | Nsb,y>3| Nsb,y>s
75 5 5 14 10 350 337 30 21 73 54
80 12 8 26 16 355 343 15 12 43 30
85 13 10 26 21 - 360 348 39 26 105 66
90 19 14 46 27 365 354 29 17 82 50
95 65 49 114 82 370 359 46 22 107 61
100 0 69 56 142 109 375 364 40 25 108 69
105 35 75 54 155 115 380 369 46 29 130 81
110 48 88 75 220 164 385 374 34 29 89 63
115 58 122 82 279 188 390 379 24 14 74 44
120 67 113 86 363 260 395 384 21 13 43 23
125 76 110 74 -302 211 400 390 49 32 106 72
130 83 119 90 396 266 405 395 34 20 82 46
135 91 71 56 293 218 410 400 32 21 91 57
140 99 94 70 365 269 415 405 21 11 68 35
145 106 72 53 327 218 420 410 43 29 103 56
150 113 68 47 293 217 425 415 30 11 64 27
155 119 58 34 215 156 430 420 39 21 84 37
160 125 51 35 295 203 435 426 19 9 49 26
165 131 67 50 288 221 440 431 20 15 53 33
170 137 59 46 358 269 445 436 10 6 26 16
175 143 58 39 286 212 450 441 16 9 36 21
180 150 45 37 256 187 455 247 4 9 36 24
185 156 30 23 173 128 460 452 19 8 52 24
190 162 46 31 234 171 465 457 7 1 33 12
195 168 47 32 190 139 470 462 16 8 42 26
200 174 30 25 161 127 475 467 12 7 30 14
205 180 31 26 129 110 480 472 17 9 61 26
210 185 38 28 152 113 485 477 17 13 30 18
215 191 44 33 167 125 490 483 4 3 23 12
220 197 33 21 164 114 495 488 5 2 8 3
225 203 18 12 92 70 500 543 5 3 17 11
230 208 29 23 124 97 505 508 6 5 18 8
235 214 22 16 83 62 510 513 8 6 24 9
240 219 32 29 110 86 515 518 3 3 18 13
245 225 23 17 71 52 520 523 4 3 17 9
250 230 14 11 49 40 525 529 4 4 15 10
255 235 14 13 51 41 530 534 7 4 16 11
260 241 13 12 81 69 535 539 3 9 10 7
265 247 17 16 55 50 540 544 4 1 6 2
270 252 12 9 43 36 545 549 2 1 2 1
340 4 326 12 7 16 10 550 555 - - 7 4
345 332 9 8 25 18

Table 11

R Yo y log N R Y10 y Tlog N
75 3.1 5.2 0.27 5 150 13.8 7.2 0.46 92
80 4.4 4.3 3.04 11 155 10.8 6,6 0.46 71
85 5.3 4.7 0.90 13 160 13.3 6.4 0.42 105
90 7.0 5.0 0.52 22 165 13.6 7.2 0.51 97
95 10.8 6.6 0.53 45 170 13.7 7.3 0.47 94
100 12.2 6.8 0.49 40 175 13.7 7.3 0.44 83
105 10.8 6.0 0.63 44 180 12.5 6.7 0.44 75
110 11.6 6.1 0.45 82 185 13.0 7.1 0.54 62
115 14.8 6.4 0.48 91 190 12.3 7.0 0.53 84
120 12.7 5.8 0.43 130 195 11.1 6.5 0.54 71
125 11.3 6.0 0.44 102 200 12.5 6.7 0.56 53
130 11.9 5.9 0.38 112 205 11.2 6.9 0.55 49
135 13.7 6.7 0.49 97 210 13.2 7.8 0.66 45
140 13.7 6.6 0.43 129 215 10.1 6.5 0.47 49
145 11.9 6.5 0.45 96
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Continuation Table 11

R 1o 5 Tlog N R Y10 y rlog N
220 11.7 7.2 0.53 41 420 9.6 5.2 0.40 35
225 10.4 6.9 0.50 36 425 6.3 5.4 0.58 14
230 11.2 7.0 0.54 39 430 6.4 45 0.38 28
235 10.1 7.1 0.44 24 435 6.2 5.3 0.47 15
240 10.1 6.7 0.47 38 440 6.4 5.4 7 0.34 17
245 7.7 6.1 0.57 21 445 5.0 4.6 0.34 12
250 7.8 7.2 0.77 12 450 5.5 5.1 0.35 12
255 9.2 7.5 0.58 17 455 4.4 5.3 0.41 8
260 9.1 6.8 0.43 27 460 5.2 4.6 0.33 16
265 8.0 7.4 0.57 23 465 3.9 3.9 0.28 10
270 8.8 7.1 0.50 18 470 5.3 0.63 6
340 6.0 4.02 6 475 5.2 5.3 0.54 10
345 5.8 6.0 3.05 8 480 6.0 4.5 0.33 24
350 9.9 6.3 0.71 31 485 4.5 5.4 0.82 8
355 6.2 5.4 0.40 15 490 3.5 4.7 0.42 7
360 10.1 6.4 0.53 39 495 4.0 0.20 1
365 8.8 5.7 0.70 26 500 4.2 6.3 0.88 ¢
370 8.7 5.7 0.49 39 505 3.7 0.48 3
375 6.6 5.3 0.34 23 510 3.2 4.1 0.75 7
380 7.2 5.1 0.39 37 515 4.5 0.82 2
385 8.5 6.1 0.59 23 520 4.0 0.24 2
390 6.7 5.0 0.66 23 525 5.3 0.41 3
395 3.9 4.8 0.25 -9 530 6.7 0.69 3
400 9.7 6.5 0.66 28 535 4.0 0.20 1
405 6.2 5.3 0.53 18 540 7.0 1.40 1
410 8.0 5.6 0.42 30 345 5.0 0.40 1
415 7.1 5.0 0.38 23 550 2.6 6.3 0.34 3

RADAROVE POZOROVANIE METEORICKEHO ROJA ORIONID
A. HAJDUK

Astronomicky tstav Slovenskei akadémie vied, Bratislava, Ceskoslovensko

Resumé

Prica obsahuje Gdaje 7 pozorovani meteorického roja Orionid v rokoch 1961-1969 ziskané meteoric-
kym radarom Astronomického Gstavu CSAV v Ondfejove a spracované na Oddeleni medziplanetirnej hmo-
ty Astronomickéhodstavu SAV v Bratislave. Prehlad pozorovani obsahuje Tab. 1. V Tab. 2-5 sd uvede-
né hodinové frekvencie radarovych ozvien pre Styri kategérie stdp meteorov s trvaniami 7>0,0 sek.,
7>0,5 sek., 7> 1,0 sek. a 7>5,0 sek. Vysledky ukazuji dbytok ozvien s trvanim nad 0,5 sek.a nad 1,0
sek. v okoli kulminacie radiantu. (Obr. 2 zndzorniuje pohyb radiantu roja v azimute a vyske.) Vysvetlenie
mozno hladat v zavislosti trvania stopy od uhla vstupu meteoroidu do atmosféry (Hajduk 1968a). Zavis-
lost charakteristik ozvien od vysky radiantu vidiet aj z Tab. 6 a 7, obsahujicich zmeny priemerného
trvania a priemernej amplitidy ozvien v priebehu pozorovani. Vassie hodnoty tychto charakteristik oz-
vien v r. 1961 nemusia byt nevyhnutne ddsledkom zmeny funkcie jasnosti, resp. excesu vadsich Castic
v zodpovedajicej oblasti meteorického priidu. Niektoré ndznaky sved&ia skor o zmene zobrazovacich
vlastnosti aparatiiry. Pri pouziti siborov ozvien z vhodne volenych intervalov vzdialenosti, ktoré v dos-
ledku kombindcie podmienky kolmosti odrazu so smerovou citlivostou aparatiry charakterizuji raz pre-
vaZne rojové meteory, inokedy prevazne meteory sporadické, dd sa zistit pomer rojovych meteorov k me-
teorom sporadickym (Tab. 8—9). Ten v8ak zavisi este aj od zvoleného rozpatia slneénych dlZok, denne;j
doby a metédy pozorovania (Hajduk 1968b). Pre pozorované kategdrie meteorov sa uréila strmost funkcie
jasnosti k= 2,7 pre rojové meteory a k, = 3,6 pre meteory sporadické ktord je vo velmi dobrej zhode
s vysledkami optickych pozorovani (Kresdkova 1966) a potvrdzuje relativny nedostatok drobnych Cias-
todiek v meteorickych rojoch. Priebeh frekvencii ozvien pozdlZ drahy Zeme i v jednotlivych névratoch
potvrdzuje filamentarny charakter Struktiry pridu Orionid, odvodeny z rozsiahlych pozorovani tohto roja
od zadiatku naSho storolia (Hajduk 1970).
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PAIMOJIOKALMOHHBE HABJWAEHUE METEOPHOI'O [I0TOKA OPMOHIA

A. XAHJIYE

Acmponomuyecud uncmumym Crosayxoi Axademuu Hayx,
Bpamucirasa, Yexocrosarus

Pesiome

MpeanaraioTcs naHuble HaGmoneHult MeTeopHoro noroka OpuOHUA MoJyyeHHble B Teyenne 1961-1969
rr., annapatypoii ActpoHomuueckoit o6cepsaropun YCAH B Onnpxeese u obpaboTanuble B ACTPOHOMHU-
ueckom uncruryre CAH B Bparucaase. Cymmaprble nanuble npuBegenbl B Ta6. 1, moka Ta6. 2—5 npu-
BOJST YACOBBIE UMCJIA METEOPHBIX 9X0 JJs YeThipex rpynn gmrenbHocreii: 7> 0, 7> 0.5 cek., 7> 1.0 cexk.,
7>5.0 cek. PesyabraThl nMoKa3biBaioT YMEHbIUEHUE UKCJAA HAOMOAAEMBIX 9XO0 C AJIMTEJbHOCTSMM Yepes
0.5 u 1.0 cex. Bo BpeMs KyJbMMHAIMK pammManTa notoka. (/IBuxeHue B asuMyTe ¥ BBICOTE pPafMaHTa mo-
TOKA TpUBEeHo Ha puc. 2.) BosMoxHOCTh obsicHeHns 9toro ddeKTa HAXoaMTCS B 3ABUCMMOCTH [JH-
TEJbHOCTY 9Xa OT YIJa NajeHus MeTeopHoro Teja B atMocdepy 3emmu (Xahmyk 1968a). 3aBucumoctn
XapaKkTepuCTMK METEOpHbIX 3X0 OT BBICOTHI pajMaHTa BhbipaxeHa naxe B Tab. 6 u 7, npuBogswmMX u3Me-
HEHUS] CPENHMX BENMUMH JJMTEJbHOCTY M aMIIMTYAbl 9Xa B Teuenne HaGmonenuil. Beicume snavyenus npu-
BeJeHbIX XapakTepuctuk 9xa B 1961 r. He obozHauaT HEOGXOAUMOCTH U3MEHEeHHS QYHKIMM CBETUMOCTH
MeTeopoB. OHM OGSCHSIOTCS M3MEHEHMEM CBOJICTB ammaparypbl, U3MEHSOWMUX M300paxeHue METeopHbIX
9xo. B pabore cpaBHMBAIOTCS Ipymmbl METEOPHBIX X0 [ W30paHHBIX MHTEpPBAJIOB JalbHOCTEH CaenoB
MereopoB. BeaencTeue yuera onTuMabHOrO YIiia OTPaxXeHus paguocursaia OoT MEeTEeopiHoro ciena u ydue-
ta KoedduUMEeHTa HANpaBJIEHHOro AeiCTBUA aHTeHbl 3GpaHHble MHTEpBanbl fanbHoCTel comepxar Bopr
HOM ClyYae NpeuMMyueCTBeHHO MeTeopbl MOTOKAa X B [PYroM Ciyyae GoJbWMHCTBO CHOpagMuecKuX Me-
teopoB. U3 Ta6. 8—1]1 Bo3MOXHO 3TUM CIOCOGOM ONpeAeuTb OTHOWIEHWE UMCJA CIOpaIUYECcKMX MeTe-
OpOB K UACJYy METEOPOB NMOTOKA. IT0 OTHOWEHUE 3aBUCHT faxe OT uHTepBasa noarorbl CosHIa, THEBHOIO
nepuoaa u MetonoB HabmopeHuit (Xaitnyk 19686). [na cpaBHMBaeMbIX rpynn METEOpOB ONpE/IeIeHbl Koed-
duUMenTbl QYHKUUU CBETUMOCTH kg =2.7 115 METEOpOB NOTOKA U Kk ,=3.6 11 cropamryeckux mere-
0poB. 3TM pesyJbTaThl CXOAATCS C pe3yibraramy ontudeckux Habmomenuit (KpecakoBa 1966) u moxreep-
XIa0T OTHOCUTENbHbI/I HEIOCTATOK MEJIKMX YaCcTHL B METeopHbIX NMOoToKaX. Bapuaumus uyacosoro uucia
MeTeopoB B HampaBJeHMsX opOuThl 3eMay u OpOUTHI oSt MOATBEPXIAeT BOJOKHUCTHI XapakTep CTpo-

enus pos OpuOHM[ ‘OTOXIECTBJEHHbI/I C yuyeToM GorarbiX gaHHbIX HabMoOmeHK! OT Hauaja Hamero CTo-
netus (Xaiigyk 1970).
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