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ABSTRACT. More than 8000 visual records of the Geminids from the Skalnaté
Pleso Observatory, made over a period of 8 years, have been employed in speci-
fying the activity of the Geminid shower in the years 1944 - 1974, using the
exponent Y = 1.47 in the reduction factor cosﬁéR.

AKTYBHOCH METEOPHOI'O [IOTOKA MEMVHMI B 1944 - 1974 I'T'. Ha oCHOBS8HUM CBHme
8000 naGappeHut IeMUHUL HEBOODYREHHHM TIJIA30M noﬁyqeuﬂnx B OGcepparopuu CkarHa-
Te [l1eco B Tevyenue 8 Jer ucCmOXbSYS NOKAsETEAb cTemeHu ¥ = 1.47 Y OOnpaBoOYHOTrO
daxropa cos"'zR 6Haa onpeneseHa aKTUBHOCTb NOTOKS ["eMuHMZ B rozex 1944 - 1974.

AKTIVITA METEORICKEHO ROJA GEMINID V ROKOCH 1944 - 1974. Na zdklade viac
ne¥ 8000 vizudlnych zdznamov Geminid ziskanjch na Observatdriu Skalnaté Pleso
podas 8 rokov pouZitim exponentu 27 = 1.47 v reduk&nom faktore cosrzR bola
spresnend aktivita roja Geminid v obdobi rokov 1944 -.1974.

1. INTRODUCTION

The Geminids are one of the best known meteoric showers in the Northern
Hemisphere. They appear between December 4 and 16. According to Denning and
King (Plavec, 1956) they last from December 1 to 17. Maximum of the shower
occurs at the solar longitude 261.1°, i.e. on December 13/14 (Millman and
McKinley, 1963). The maximum is relatively short and sharp. The hourly rate of
70 meteors is considered to be normal at the maximum for one visual observer
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under good observating conditions. At the boundaries of the shower the density
of meteors is so small that it is difficult to determine the duration, espe-
cially if the observation conditions are not ideal. Ideal observation conditi-
ons, of course, occur only rarely. The limiting factors are: a) twilight pheno-
mena, changes in the brightness of the celestial background related to the po-
sition of the Sun below the horizon (Slan&ikovd, 1975), b) the moonlight during
the whole period the Moon is above the horizon, its intensity depending on its
phase and position. When the phase is small, its effect can be neglected, par-
ticularly as it occurs only during dusk or dawn. Close to full moon, the Moon
has a disturbing effect nearly throughout the whole night and the decrease in
the observed rate substantially diminishes its statistical weight even if the
appropriate correction factors are applied. c¢) The third limiting factor is
cloudiness which may either prevent observations altogether, or decrease the
observed rate.

At the time of the Geminids activity, i.e. in December, the weather in Eu-
rope is unstable. In the extensive files of observations of the Skalnaté Pleso
Observatory there is not a single case of a continuous series of Geminid obser-
vations for more than 4 consecutive nights. The total number of nights in which
more than 100 meteors were observed, is 7. The usable material contains 8296
records of meteors of which 5763 are Geminid records. Of the total number of
observed Geminids 4397 were selected for further treatment. The total net time
of observations cf all observers is 158,88 hours.

If the limiting factors mentioned above and the dependence of the observed
hourly rate on the zenith distance of the radiant are considered, only very few
data are available to determine the activity curve (Zvoldnkovd, 1983).

2. THE DATA AND THEIR ANALYSIS

Visual observations of the Geminid meteoric showers of 1944, 1946, 1947,
1948, 1949, 1953 and 1958, made as part of the program of systematic visual ob-
servations of sporadic and shower meteors at the Skalnaté Pleso Observatory,
and of 1974 when the observations were made as part of a special program of In-
terkosmos related to the research into interplanetary matter, have been analy-
sed.

This material has already been processed in detail in the past by a number
of authors (Porubdan et al., 1980; Porubdan and Stohl, 1979) using 7" = 1 in
the reduction factor cos zp. This analysis, in which the activity of the Gemi-
nid shower was determined for % = 1.47,as found by Zvoldnkovd (1983), is com-
plementary to the earlier papers.

The method of observation has not changed substantially over the whole pe-
riod mentioned. The group of observers usually consisted of a recorder and four
observers who watched the sky at an elevation of 45° above the horizon in the
four main directions (E, S, W, N). The cloudiness was recorded at intervals of
10 minutes in each direction. If it changed rapidly, it was recorded every 5
minutes. Each of the observers, on being asked by the recorder, reported the
percentage of the observed area covered by clouds. The limiting stellar magni-
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tude was usually not recorded because, as demonstrated by Kresdkovd (1966), it
is practically constant at the high altitude of the Skalnaté Pleso Observatory.

In order to eliminate inhomogenity of the data, observations during which
cloudiness exceeded 30%, as well as observations affected by the moonlight and
.all observations of observers with little experience were omitted.

Tab. 1

Year Mc Gc G

1944 814 415 336
1946 1508 1036 240
1947 885 545 488
1948 232 133 40
1949 614 514 441
1953 927 591 587
1958 2233 1593 1476
1974 1083 936 789
>3 8296 5763 4397

Table 1 summarizes the total number of meteors Mc’ the total number of Ge-
minid records Gc and the number of Geminid records G accepted for further pro-
cessing in each individual year.

Tab. 2

Name Abdbr. 2 I‘Ip p3 tp
Antal M. Al 587 801
Antalovd A. Aa 235 470
Bedv4ar A. T 440 1067
Bouska Bu 19 107
Dzubdk ' M 72 500
Forgdd M. F T2 270
Guth V. G 78 166
Hajdukova M, Hj 90 170
Kiss V. Ki 6 _ 86
Kresdk L. K 502 1071
Kresdkova M. Ka 299 553
Mrkos A. A 257 574
Olejnik 3. 0 36 261
Pajduddkovd L. L 563 1518
Paroubek A. Pa 145 210
Podstanicka R. 3 103 210
Porub&an V. Po 168 240
Svoren J. Sv 142 218
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Name Abbr, z Np Zt

p
Stohl J. St 224 440
Tremko J. Tr 80 150
Uhlér J. U 19 133
Zvolénkova J. S1 260 318
2 4397 9533

Table 2 gives the name and abbreviation for each observer, the sum of all
observed meteors used in the present paper, and the total net observing time in
minutes.

The observed Geminids were divided into half-hour intervals. For each of
these intervals and for each observer p the number of observed Geminids ND, the
net time t_ for which he observed and the average cloudiness were determined.
These data and personal coefficients were used to calculate the corrected
hourly rates per one observer according to the formula

£ =60 5N [5 v k]-1 (1)

o =N |2 4/ kp Kip
where fo is the corrected hourly rate, Np the number of meteors observed by
observer p in the given interval, t_ the net observing time, ko the cloudiness
coefficient, kip the personal coefficient, and £ the number of all ous=rvers
who observed in the given interval.

The cloudiness coefficients ko , calculated by Guth (1941), were used in
this paper. Guth considered two types of cloudiness: a) a circular cloud and
b) a continuous cloud cover limited by a great circle. The two coefficients
are the same up to the clodiness of 30%. Since the records do not specify the
type of cloudiness, all observations at which the cloudiness esceeded 30% were
eliminated from further analysis.

For the years 1944-1949, the personal coefficients as determined by Stohl
(1969) were used for the individual observers. In the other years, personal fac-
tors determined by Porublan et al. (1980) were used.

The corrections mentioned above were used to calculate the hourly rates fo
for all half-hour intervals. To be able to these hourly rates with each other,
the rates had to be reduced to the radiant in the zenith. We denote the zenith
hourly rate per one observer as fz and the reduction factor as cosyéR. Hence,

_ kg
fz = fo/cos Zge (2)

Tab. 3

No. Date T 11950 z Np th fz Observers
1 44.12. 4. 19:15 252.61 1 84 2.43 MOKi
2  44.12. 5. 18:45 253.61 1 39 5.21 TLM
3 19:15 253.63 1 90 1.80 TLM
4 19:45 - 253.65 4 90 5.48 TLM
5 44,12. 9. 23:45 257.88 4 21 17.27 L
6 44.12.11. 18:45 259.71 4 38 23.48 LU

114

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



No. Date T l1950 ZN zt f Observers

PP 2

7 19:15 259.73 4 60 11.77 LU

8 19:45 259.75 6 60 15.77 LU

9 20:15 259.77 2 14 24.99 U
10 21:15 259.81 1 31 34.19 LUT
11 21:45 259.83 31 90 32.19 LUT
12 44.12.13. 00:45 260.98 28 22 92,21 ™
13 18:15 261.72 34 66 130.87 TLMO
14 18:45 261.74 62 120 101.85 TLMO
15 19:15 261.76 71 120 103.72 TLMOKi
16 19:45 261.78 23 60 65.76 ™
17 44.12.16. 18:15 264.77 3 120 7.30 TLOKi
18 21:45 264.92 2 24 6.71 TLMO
19 22:15 264.94 7 120 4.34 TLMO
20 22:45 264,96 5 120 2.91 TLMO
21 23:15 264,98 7 96 4.86 TLMO
22 44.12.17. 20:45 265.90 4 30 14.83 TMO
23 21:15 265.92 1 90 1.02 TMO
24 21:45 265.94 2 60 2.65 ™
25 22:15 265.96 3 60 3.59 ™
26 46.12. 1. 04:15 248.43 3 60 4.22 LA
27  46.12. 4.  02:45 251.41 7 53 8.77 LA
28  46.12.13. 18:15 261.21 21 63 101,74 LKBu
29 18:15 261.23 39 90 105.71 LKBu
30 19:15 261.25 2 6 65.97 LKBu
31 19:45 261.27 49 72 92.84 TLKA
32 20:15 261.29 84 106 94.42 TLKA
33 46.12.14, 20:45 262.33 10 38 26.34 KA
34 21:15 262.35 " 61 16.71 MKA
35 46.12.15.  20:45 263.35 2 180 1.28 TLMKABu
36 46.12.16.  20:45 264.36 6 108 6.53 MKABu
37 47.12.12.  20:45 260.03 10 34 30.98 TLKF
38 : 21:15 260.05 47 120 37.07 TLKF
39 21:45 260.07 38 120 27.25 TLKF
40 22:15 260.09 36 120 23.88 TLKF
41 22:45 260.11 45 120 28.00 TLKF
42 23:15 260.13 42 110 27.09 TLKF
43 23:45 260.15 40 120 22.96 TLKF
44 47.12.13.  00:15 260.18 57 120 32.09 TLKF
45 00:45 260.20 26 60 29.66 TKF
46 01:45 260.24 32 43 52.43 LK
47 02:15 260.26 40 60 48.25 1K
48 02:45 260.28 37 60 46.95 LK
49 03:15 260.30 36 60 48.83 1K
50  47.12.17. 20:15 265.09 2 60 3.69 AF
51  48.12. 9.  00:45 256.89 4 25 12.62 A

115

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



No. Date T 11950 ZNP St f Observers

ol zZ
52 01:15 256.91 1 30 2.65 A
53  48.12.10.  01:45 257.95 1 15 4.38 L
54 02:15 257.97 5 30 11.34 L
55 02:45 257.99 1 15 4.78 L
56  48.12.12.  02:15 260.01 11 20 46.47 A
57 02:45 260.03 15 30 44.50 A
58 03:15 260.05 2 10 19.02 A
59  49.12.12,  20:45 260.52 26 36 69.09 TA
60 21:15 260.54 32 56 48.51 TA
61 21:45 260.56 31 60 40.00 TLA
62 22:15 260.58 27 46 41.73 TL
63  49.12.13.  20.45 261.53 30 54 53.15 TA
64 21:15 261.55 52 60 74.10 TA
65 21:45 261,58 55 60 71.06 TLA
66 22:15 261,60 50 60 59.23 TL
67 22:45 261.62 56 60 62.72 TLA
68 23:15 261.64 49 60 52.50 TA
69 23:45 261.66 1 6 10.36 TA
70 49.12.14.  19.45 262.51 9 40 28.84 TA
71 20:15 262.53 " 60 20.09 TA
72 20:45 262.55 1 4 23.96 TA
73 53.12.13.  23:15 261.63 60 72 45,77 A1PaSKa -
74 23:45 261.65 115 120 51.63 A1PaSKaG
75  53.12.14.  00:15 261.67 78 110 39.06 A1PaSGK
76 01:45 261.73 19 50 20.78 A1PaSGK
77 02:15 261.75 94 150 35.58 Al PaGKS
78 02:45 261.77 132 150 54.17 A1 PASGKKa
79 03:15 261.80 34 25 90.11 A1 PaSGKa
80 53.12.15.  00:15 262.69 23 72 17.74 Pa3CKa
81 00:45 262.71 26 120 11.97 PadGKa
82 01:15 262.73 6 48 6.96 PaSGKa
83  58.12.12. 17:45 260.09 8 100 24.87 StAlAaLHj
84 18:15 260.11 18 150 28.54 StKaAaLK
85 18:45 260.13 13 150 17.24 AlKaAaTrK
86 19:15 260.15 39 150 37.82 StAlKaLK
87 19:45 260.17 33 150 26,46 StAlAaLHj
88 20:15 260.19 40 150 28.08 StAaKaLK
89 20:45 260.22 69 150 4417 AlKaAaTrK
90 21:15 260.24 71 150 38.43 StA1KaLK
91 21:45 260.26 56 150 27.34 StAlAaLHj
92 22:15 260.28 93 150 42.98 StKaAalK
93 22:45 260.30 100 150 45,17 AlKaAaTrK
94 23:15 260.32 107 150 43.64 A1StKaLK
95 23:45 260.34 123 150 48.14  A1StAalHj
96 58.12.13. 00:15 260.36 93 150 36.53 StKaAaLK

116

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



No. Date T ‘1.1950 2N =t f Observers

p p z
97 . 00:45 260.39 131 150 53.29 AlKaAaTrK
98 01:15 260.41 98 150 38.10 A1StKalK
99 58.12.13. 01:45 260.43 98 150 38.64 Al1StAaLHj
100 - 02:15 260.45 100 150 42.23 StKaAalK
101 02:45 260.47 103 150 47.20 AlKaAaTrK
102 03:15 260.49 42 90 40.00 StLk
103 03:45 260.51 41 60 69.13 AaHj
104 74.12.13. 21:41 - 261.16 85 120 51.21 PoS1SvAl
105 22:11 261.18 83 120 47.33 PoS1SvAl
106 23:53 261.25 11 90 68.19 PoS1Al
107 T4.12.14. 00:23 261.27 99 90 59.94 PoS1Al
108 02:26 261.36 60 53 67.78 S1SvAl
109 03:57 261.42 112 120 T70.45 PoS1SvAl
110 04:27 261.45 99 120 69.41 PoS1SvaAl
1 20:23 262,12 25 60 43.78 S1Sv
112 22:49 262.22 38 81 28.67 PoS1Sv
13 23:19 262.25 54 118 26.68 PoS1SvAl
114 T4.12.15. 01:23 262.33 23 58 21.42 S1Al
f,
- ¢
1944 - 1974 o 1944
5 + 1946
120 y=147 a 1947
L O 1948
v
100 °
R x
m -
60
w -
20 -
[e]
0 C'l @ 1 1 Il 1 4 =+ 1 j
257° 258° 259° 260° 261° 262° 263° 264° 265" | yg50
Fig. 1 Zenith hourly rates of the Geminid shower for 7 = 1.47 and all years

considered in dependence on the solar longitude. The individual years
are distinguished by symbols.
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Table 3 gives for all half-hour intervals the zenith hourly rates fz, cal-
culated using exponent 7" = 1.47. Apart from these hourly rates, the table also
gives the following data: the ordinal number, the date, the time T of the middle
of the half-hour interval in UT, the solar longitude 11950, the total number of
meteors ZXN_ observed in the given interval by all observers, the total net ti-
me of observation 2t_ of all observers in that interval, and the abbreviations
of the individual observers participating in the observations. The data is writ-
ten for the first half-hour interval of a particular day and applies until the
next date is given.

Figure 1 gives the zenith hourly rates of the Geminids for 7'= 1.47, all
years and solar longitude 11950 = (256° - 266°). The individual years are
distinguished by symbols.

Tab. 4
L1950 f, n 1,950 £, n
248° - 9° 4.22 1 260° - 1° 39.88 42
251° - 2° 8.77 1 261°% - 2° 67.25 30
252° - 3° 2.43 1 262° - 3° 22.76 12
253% - 4° 4.33 3 263° - 4° 1.28 1
256° - 7° 7.64 2 264° - 5° 5.44
o o o o ‘r
257° - 8 9.44 4 265° - 6 5.10 5
259° - 260° 23.73 6 ’
f,
70...
w-
w.—
w.—
30-
20-
10

2 Y/ 7% 7 ;
29 250° 251 253" 254° 255° 256* 257 258" 259" 260 261° 262° 263" 264" 265° | g5

Fig. 2 Mean zenith hourly rates of the Geminid shower for ¥ = 1.47
in dependence on the solar longitude.
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Table 4 gives the mean zenith hourly rates fz in one-degree intervals in
dependence on the solar longitude, and the number of half-hour intervals n
from which the average was calculated. These values are illustrated in the his-
togram in Fig. 2.

3. CONCLUSION

As a result of the lack of continuous observations mentioned earlier, it
is difficult to determine the hourly rate curve as a whole reliably. Observa-
tions are completely lacking for some longitudes of the Sun (or they had to be
omitted due to the disturbing effects of the Moon or clouds) and for most lon-
gitudes observations made only in one year are available.

The maximum zenith hourly rate per one observer under undisturbed observa-
tion conditions for ¥ = 1.47 is 130 meteors at solar longitude 261.72° (Dec.13,
1944).

If the zenith hourly rates calculated for the exponent 7 = 1.47 are com-
pared with those for 2= 1 (Porub&an et al., 1980, Tab. 4), we can see that the
former are substantially higher than the latter. The histogram in Fig. 2 shows
that the maximum of the shower’s activity occurs at the solar longitude 261°-
262°.
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