LUDMILA PAJDUSAKOVA

THE EAST-WEST ASYMMETRY OF SUNSPOTS

Abstract: The east-west asymmetry in sunspots observed at Skalnaté Pleso is not systematically positive: it shows
a marked dependence on the 11-year cycle, as it is positive with rising and high activity; and negative when activity
declines or is low. A similar dependence was reported also by other stations.

" The number of groups in the Zurich material has almost systematically been higher in the west since 1933, in other
words, the asymmetry has been negative. Negative asymmetry in the number of groups and the spot area aver relatively
longer periods has also been reported by other stations these last decades. This inconsistent result of different stations
suggests the conclusion that both positive and negative asymmetry may have more reasons.

The material obtained at Skalnaté Pleso, as an, independent station, was examined for the effect of meteoroilogical
conditions, and the result was as follows: 1. Asymmetry is positive for most years with above-average precipitation,
negative for those with below —average precipitation. 2. Groups of the type D, E and F observed for at least 13 days
have better atmospheric observational conditions before than after the central-meridian passage.

Negative asymmetry may be explained by a psychologic factor which is more pronounced during decreasing and

low solar activity than at its maximum.

In supplemented series of observations (Zurich), the meteorological factor is eliminated precisely by supplementing
the missing days, while the effects of the psychologic factor may cumulate. The effects of these two factors may be
eliminated by the photographic method in certain conditions.

The East-West Asymmetryin Spots

Introduction

The problem of the east-west asymmetry in
solar activity was set by A.S.D. Maunder (1907)
as early as 1907. She found that groups were
larger in both number and area on the eastern
than on the western half of the solar disc. She
determined three asymmetry types for spots. This
east-west asymmetry has been investigated by
numerous astronomers ever since, the results,
however, were not unambiguous. Topmost among
the hypotheses framed to explain this phenome-
non, were those of the unfavourable effect of the
Earth and of the other planets on solar activity,
and of a possible inclination of the spot axis.

We shall deal with the east-west asymmetry
observed at Skalnaté Pleso in the Wolf number
and in the number of groups. The results obtained

b

permitted us to check one of the factors possibly
responsible for positive asymmetry, that is the
factor of meteorological conditions. The effect of
meteorological conditions on the asymmetry exa-
mined may only be accurately checked from
observations made at one station. In a supple-
mented observational series, such as in the Zurich
material, the meteorological effect may be comp-
letely blurred, the missing days and low-quality
observations due to poorer meteorological condi-
tions being supplemented and replaced by observa-
tions made from stations with favourable observa-
tional conditions.

The asymmetry values in the present paper
will be designated and defined as in the papers
by F. Link and Z. Linkové (1957), and L. Pajdu-
Sdkovd (1958 and 1966):

E activity of a given phenomenon (ex-
pressed in corresponding units) on the
eastern half of the solar disc,
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W same for the western half of the solar
disc. '

E4+ W total activity of the phenomenon all
over the solar disc.

E—W total asymmetry of a given pheno-
menon.

E—W o, i‘elative asymmetry in per cent of a

E+W phenomenon.

Y(E — W) cumulative sum of the total asym-

metry of a phenomenon.

Asymmetry in the Wolf number

The photosphere has systematically been plot-
ted at the Astronomical Institute Skalnaté Pleso
since October 1944 (in projection, solar image
25 cm in diameter). From that time on until
8 October 1953 the observations were made with
a Zeiss B objective, 13 cm in dia., 195 cm focal
length. Since then until now, the observations
have been made with a Zeiss E objective, 24 cm
in dia., 304 cm focal length. The Wolf numbers
of the eastern and western half of the solar disc
were determined by normal method from daily

‘1501
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that the asymmetry in the number of groups and
individual spots, that is umbrae, is projected into
the asymmetry of the Wolf number.

The observed monthly Wolf numbers for the
eastern —E— and western —W— half of the
solar disc, together with the total and relative
asymmetry and the cumulative sums of the total
asymmetry, are listed in Tab. I.

The same data for the smoothed out monthly
Wolf numbers are in Tab. II. The variations in
the smoothed out monthly Wolf numbers for both
halves of the solar disc are given in Fig. 1; the
variations in the cumulative sums of the total and
relative asymmetry in Fig. 2.

The variations in the asymmetry of the smo-
othed out monthly Wolf numbers are as follows:
Positive asymmetry prevailed from almost the
minimum in 1944 until the end of 1948, so that
Wolf numbers were larger on the eastern half of
the solar disc over this period.

This was followed by a prevalence of the western
half, that is by a systematic negative asymmetry,
which roughly lasted until minimum solar activity.
The period of fast increase and maximum of solar
activity which followed was characterized by

1945 -

Figure 1. Variations in the smoothed out monthly Wolf numbers for the eastern half (

1965

) and for the western

half (- - - -) of the solar disc— Skalnaté Pleso.

drawings. The weight of a group located on the
central meridian direct was assigned to the half
with the major part of the group. The dividing
line of the number of spots in the group was the
central meridian. The monthly averages were
determined from diurnal values and the monthly
smoothed Wolf numbers were computed from
monthly averages.

The period examined includes the 18th and
19th cycle of solar activity; the number of pho-
tosphere drawings processed is more than 5 000.

Wolf’s definition of the sunspot number implies

prevailing positive asymmetry until 1960, suc-
ceeded again by negative asymmetry.

The asymmetry in the Wolf number, positive
or negative, is not distributed accidentally over
the individual months, as might be expected from
the fact that ,,eastern and western half of the
solar hemisphere’’ are terms senseless on the Sun,
which only exist with reference to the Earth. The
percentage of the number of months in the given
periods with either positive or negative asym-
metry is very high, especially for the smoothed
out monthly numbers, as is seen in Tab. III.
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Table I -

Observed monthly relative numbers in the eastern and western hal of the solar disc and their asymmetry—Skalnaté Pleso

|
|
1

i

|

Year IMonth E w E—W [Z(E—W) -I‘Ej%&! % Year Monthi E I W . E—W |[Z(E—W) %T—x %’:
1944 X.| 109| 9.2 +1.7 +1.7 18.46 II1.| 82.1| 176.6 +5.5. +179.8 +3.47
. XI. 9.2 | 8.7 +0.5 +2.2 +2.79 IV.| 93.6| 950| —1.4 1-78.4 —0.74
XII.| 23.1| 28.5 —5.4 —3.2 | —10.47 V.| 89.6| 110.1 | —20.5 +57.9 | —10.27
VI.| 674 73.1| —5.7 +52.2 —4.06
1945 I. 9.5 | 10.5 —1.0 —4.2 —5.00 VIL.| 68.7| 75.2| —6.5 +45.7 —4.52
II.| 10.6| 8.1 +2.5 —1.7 | +13.37 VIIL.| 68.5| 57.7| +10.8 | - +56.5 +8.56
IIL. | 159 175 +8.4 +6.7 | +35.90 IX.| 36.4! 40.3| —3.9 152.6 —5.08
IV.| 21.2| 19.3 +1.9 _+8.6 +-4.69 X.| 41.9| 34.8 +17.1 4+-59.7 +9.26
V.| 20.3| 27.0 —6.7 | +1.9 | —14.16 XI.| 30.0} 385| —8.5 +51.2 | —12.41
VI.| 26.9]| 22.6 +4.3 | -+6.2 +-8.69 XII.| 27.3| 46.3| —19.0 | +32.2 | —23.82

VII.| 29.9| 27.9 +2.0 +82 | 13.46 ' ) .

VIII.| 224 | 134 +9.0 +17.2 | 4+25.14 1951 I.| 50.0| 46.6| -+3.4 +35.6 +3.52
IX.| 23.6| 15.3 +8.3 +25.5 | 4+21.34 - I1.| 47.4| 404| 47.0 +42.6 +17.97
X.| 454 87.8 +17.6 +33.1 +9.13 III.| 260! 385.1|. —9.1 +33.5 | —14.89

| XI.| 24.6| 29.8 —5.2 +27.9 —9.56 IV.| 651 | 55.4 +9.7 143.2 +8.06
| XII.| 16.6 | 12.1 445 +324 | +15.68 V.| 83.4| 40.17 —6.7 +36.5 —9.12
VI.| 71.5| 755| —4.0 132.5 —2.72
1946 I.| 39.0| 332 +5.8 138.2 18.03 VIL.| 52.1| 42.9 +9.2 +41.7 +9.68
II.| 50.5| 47.8 +2.7 +40.9 +2.75 VIIL. | 41.2| 450 —3.8 +37.9 —4.41
III. | 56.3| 57.9 —1.6 +39.3 —1.40 IX.| 73.7) 52.6| +21.1 +59.0 | +16.71
IV.| 54.9| 48.1 +6.8 +46.1 +6.60 X.| 40.0! 36.3 +-3.7 462.7 +-4.85
V.| 599 716 | —11.7| +344 —8.90 XI.| 293! 36.0| —6.7 +56.0 | —10.26
VI.| 55.7| 47.7 +8.0 +42.4 4+-7.74 XII.| 28.1| 850 —6.9 +49.1 | —10.94

VIL | 105.3 | 90.5 | +14.8 +57.2 +17.56

VIIL. | 78.4| 75.8 +2.6 +59.8 +1.69 1952 I.| 21.2| 247| —3.5 +45.6 —17.63
IX.| 73.2| 75.5 —2.3 +57.5 —1.55 1I. 83| 16.2| —9.9 +35.7 | —44.00
X.| 64.7| 64.8 —0.1 +57.4 —0.08 III.| 16.5| 14.8| +1.7 +37.4 +5.43
XT.|107.4 | 86.3 | +21.1 +78.5 | +10.89 IV.| 15.1| 26.6 | —11.5 425.9 | —27.58

XII. | 115.3 | 96.8 | +18.5 +97.0 +8.72 V.| 10.0| 234| —13.4 +12.5 | —40.12

VI.| 245| 248 —0.3 +12.2 —0.61

1947 I.| 86.8| 745 | +12.3 | +109.3 17.63 VII.| 160 17.4| —1.4 +10.8 —4.19
IL | 115.1| 99.4| 4157 | 4125.0 1-7.32 VIILL.| 40.7| 30.2| +10.5 +21.3 | +14.81

IIL. | 90.5|100.2| —9.7 | +115.3 —5.09 IX.| 145| 155| —1.0 +20.3 —3.33

IV.| 98.0| 92.8| -+52 | +120.5 12.73 X.| 15.4 9.9 +5.5 +25.8 | +21.74

V.| 144.4 | 134.3 | +10.1 | +130.6 +3.62 XI.| 17.3| 154| +1.9 +27.7 +5.81

VI.| 1054 | 111.1 | —5.7 | +124.9 —2.63 XII.| 21.4| 13.6 +17.8 +35.5 | +22.29

VIL.| 96.0| 87.6| 8.4 | 4133.3 +4.58

VIIIL | 127.3 | 102.0 | +25.3 | +158.6 | +11.03 1953 I.| 19.0| 26.6| —17.6 +27.9 | —16.67
IX.|110.0| 112.0| —2.0 | +156.6 —0.90 1II. 2.8 2.4 +0.4 +28.3 17.69
X.| 93.5|109.2 | —15.7 | +140.9 —17.75 III. 9.6 2.1 +17.5 +35.8 | +64.10
XI.| 704| 741 —3.7 | +137.2 —2.56 IV.| 23.8| 13.5| +10.3 +46.1 | +27.61

XIT.| 84.1| 81.7 +2.4 | +139.6 +1.45 V. 48| 14.0| —9.2 +36.9 | —48.94

VI.| 144| 133 +1.1 4-38.0 +3.97

1948 I| 72.2| 67.5| 447 | +144.3 +3.36 VII. 5.6 4.9 | +0.7 +-38.7 +6.67
II.| 63.3| 53.6| -+9.7 | +154.0 +8.30 VIIL.| 17.6| 16.8 +0.8 1-39.5 +3.28

III. | 67.4| 56.4| +11.0 | +165.0 +8.89 | IX.| 14.2] 10.5 +3.7 +43.2 | +14.98

IV.| 140.9|129.7 | +11.2 | +176.2 1414 X. 3.5 48| —1.3 +41.9 | —15.66

V.| 147.5|108.5| +389.0 | +215.2. | +15.23. XI. 1.9 0.0 +1.9 +43.8 [+100.00
VI.|107.8 | 111.3| —3.5 | +211.7 —1.60 XII. 1.6 1.2 +0.4 1442 | +14.29

VIL.| 95.7|101.1 | —5.4 | +206.3 —2.74

VIIL. | 110.6 | 102.3 | +8.3 | +214.6 +3.90 1954 I. 0.0 0.0 0.0 +44.2 0.00
IX.| 93.0| 94.0| —1.0 | +213.6 —0.53 II. 0.0 0.0 0.0 144.2 0.00
X.| 85.2| 959 | —10.7 | +202.9 —5.91 III. 6.3 9.3| —3.0 +41.2 | —19.23

XL | 624 59.6| +2.8 | +205.7 +2.30 Iv. 2.1 00| 421 +43.3 | +100.00

XII. | 103.7 | 86.0 | +17.7 | +223.4 +9.33 V. 0.6/ 00| +40.6 +43.9 | +100.00

VI. 0.0 0.0 0.0 +43.9 0.00

1949 I.| 656| 70.8| —5.2 | +218.2 —3.81 VIIL. 1.0 4.7 | —3.7 +40.2 | —64.91
IT.| 114.7 | 129.0 | —14.3 | +203.9 —5.87 VIIIL. 5.0 7.9 —2.9 1373 | —22.49

III.| 81.4|113.2| —31.8 | +172.1 | —16.34 IX. 0.5 0.6  —0.1 +37.2 —9.09

IV.| 89.6| 984| —8.8 | +163.3 —4.68 X. 6.2 2.8| 434 +40.6 | +37.78

V.| 784| 80.4| —2.0 | +161.3 —1.26 XI. 2.1 54| —3.3 +37.3 | —44.00

VL.| 71.0| 80.4| —9.4 | +151.9 —6.21 XII. 9.7 60| +3.7 +41.0 | +23.57

VIL.| 77.5| 67.5| +10.0 | +161.9 +6.90 '

VIIL. | 79.7|110.0| —30.3 | +131.6 | —15.97 1955 I.| 293| 13.9| +15.4 +56.4 | +35.65
IX.|126.0 | 121.7 +43 | +135.9 +1.74 II.| 182 151| —1.9 +54.5 —6.71
X.|109.5| 114.0| —4.5 | +131.4 —2.01 III. 1.4 8.6 —7.2 147.3 | —72.00
XI.|108.9|117.3| —84 | +123.0 —3.71 IV. 79| 10.2| —2.3 +45.0 | —12.71

XTI | 89.2| 97.7| —8.5 | +114.5 —4.55 V.| 16.3 94| +6.9 +51.9 | +26.85

VI.| 18.8| 11.0| +7.8 +59.7 | +26.17
1950 I.| 75.7|115.2| —39.5 +75.0°| —20.69 VIL.| 252} 11.2| +14.0 +73.7 | +38.46
II.| 67.9|_68.6| —9.7 +74.3 —0.51 SVIII. | 22.9|_27.6 —4.7 +69.0 | —9.31
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Continuation Table |

| 1 ‘ i i i g _ f-
| Yo |Monh| E | W ’ E—W |ZE—W) |50 % | Year Month| E | W [E-W XE-W) =¥ %]
| i | i i :
T ,
| | IX.| 4007| 20.7| 4+11.0 | +80.0 | +15.63 x1.| 56.7| 59.9| —3.2 | +381.7 | —2.74
; X.| 388| 32.0| +68 | +868 | -9.60 XIL | 53.7| 60.7| —7.0 | +3747 | —6.12
* XI.| 55.7| 51.5| +4.2 | +91.0 | -43.92
| XIL | 44.4| 33.9| 4105 | +101.5 | +13.41 Lo61 L| 207! 264| £33 | +378.0 | 1588
| | 518 500| 18 | +379.8 | +1.77
| 1956 1| 454 40.6| -+48 | +1063 | --5.58 IIL | 41.8| 33.2| 8.6 | +388.4 | +11.47
IL| 95.0| 67.1| +27.9 | +134.2 | +17.21 IV.| 52.4| 586 —6.2 | +382.2 | —5.59
‘ IIL | 90.0| 74.4| +15.6 | +149.8 | -49.49 v.| 31.0| 46.8| —15.8 | +366.4 | —20.31
' IV.| 73.6| 57.4| +16.2 | +166.0 | 4+12.37 VI | 64.1| 83.2| —19.1 | +347.3 | —12.97
; 1 V.| 78.9| 82.5| —3.6 | +162.4 | —2.23 VIL | 46.1| 52.7| —6.6 | +340.7 | —6.68
i VI.| 76.0| 56.6| +19.4 | +181.8 | +14.63 VIIL. | 32.9| 87.5| —4.6 | +336.1 | —6.53
: VIL| 72.0| 69.3| +2.7 | 41845 | +1.91 IX.| 38.4| 483 —9.9 | +326.2 | —11.42
; | VIIL | 94.4| 65.5| +28.9 | +213.4 | +18.07 X.| 17.0| 35.6| —18.6 | +307.6 | —35.36
| IX.|101.8| 95.9| 457 | +219.1 | +2.89 XI.| 154| 208| —5.4 | +302.2 | —14.92
_ X.| 58.0{111.2| —53.2 | +165.9 | —31.44 XIL | 19.5| 23.2| —3.7 | +298.5 | —8.67
i XI.| 85.3|101.4| —16.1 | +149.8 | —8.62 , ’
| XII. | 115. 1.2] +14. . 6.
. 58110121 +146 | +1644 r6.73 1962 .| 184! 6.8| +11.6 | +310.1 | +46.03
| II.| 30.1| 35.4| —5.3 | +304.8 | —8.09
1957 1| 92.0|102.4| —10.4 | +154.0 | —5.35 I | 19.4| 274 —8.0 | +296.8 | —17.09
IL.| 73.9| 62.6| +11.3 | +165.3 | -+8.28 IV.| 23.2| 387.6| —14.4 | +282.4 | —23.68
IIL | 109.1| 81.0] 428.1 | +193.4 | +14.78 v.| 23.9| 241| —0.2 | +282.2 | —0.42
IV.| 92.1|104.7| —12.6 | +180.8 | —6.40 VI.| 353| 21.2| +14.1 | +296.3 | +24.96
V.| $8.3|113.5| —25.2 | +155.6 | —12.49 VIL| 100 13.4| —3.4 | +292.9 | —14.53
VI.|124.6|107.8| +16.8 | +172.4 | +7.23 VIIL.| 10.6| 13.3| —2.7 | +290.2 | —11.30
VIL | 117.8|123.4| —5.6 | +166.8 | —2.32 IX.| 29.0| 383| —9.3 | +280.9 | —13.82
VIIL | 106.1| 95.6| +10.5 | +177.3 | +5.21 X.| 34.9| 203| +14.6 | +295.5 | +26.45
IX.|161.0 | 143.5 | +17.5 | +194.8 | +5.75 XI.| 80| 88| —0.8 | +2947 | —4.76
X.| 2158 | 101.4| +24.4 | +219.2 | +5.99 XII.| 11.0| 21.6| —10.6 | +284.1 | —32.52
XI.|127.5| 149.6 | —22.1 | 4+197.1 | —7.98
, XIIL | 181.0 | 147.6 | +33.4 | +230.5 | +10.16 ;
i : 1963 1.| 26| 86| —60 | +278.1 | —53.57
: .| 125 13.1| —0.6 | +277.5 | —2.34 !
| 1958 I.|1087|115.5| —6.8 | +2237 | —3.03 TIT. | 11.2| 38| 474 | +284.9 | +49.33
; IL.| 70.2!108.6| —38.4 | +185.3 | —21.48 IV.| 97| 20.1| —10.4 | +274.5 | —34.90 |
III. | 133.8 | 102.7 | +31.1 | 4-216.4 | +13.15 V.| 25.3| 27.2| —1.9 | +272.6 | —3.62 |
IV.| 181.4| 99.7| +31.7 | +248.1 | +13.72 VI.| 225| 1907| +2.8 | +275.4 | -+6.64
V.| 126.5 | 152.7 | —26.2 | +221.9 | —9.38 VII.| 94| 133| —3.9 | +271.5 | —17.18
VI.|144.4| 01.8| +52.6 | +274.5 | +22.27 VIIL | 16.8| 21.6| —4.8 | +266.7 | —12.50
VIL | 143.7 | 150.6 | —6.9 | +267.6 | —2.34 IX.| 27.5| 30.0| —2.5 | +264.2 | —4.35
VIIL | 127.0 | 158.3 | —31.3 | +-236.3 | —10.97 X.| 17.7| 243| —6.6 | +257.6 | —15.71
IX.| 177.1| 153.4 | +23.7 | +260.0 | +7.17 XI.| 19.0| 21.1| —2.1 | +255.5 | —5.24
X.|130.8 | 110.2 | 4-20.6 | +280.6 | +8.55 XIL| 11.7| 97| 420 | +2575 | +9.35
XI.|125.4|122.1| +3.3 | 42839 | +1.33
XIL | 129.3 | 123.1| +6.2 | +290.1 | -+2.46
1964 I| 169 11.2| +57 | +263.2 | +20.28
. - IL.| 245| 249| —0.4 | +262.8 | —0.81
1959 I.|155.9 | 116.5| +39.4 | +329.5 | +14.46 L | 11.4| 17.5| —6.1 | +256.7 | —21.11
IL| 90.7| 78.9| +11.8 | +341.3 | +6.96 Iv.| 168 11.4| +5.4 | +262.1¢| +19.15
IIL | 152.1 | 139.8 | +12.3 | +353.6 | --4.21 v.| 11.0] 167| —5.7 | +256.4 | —20.58
IV.| 108.8 | 153.6 | —44.8 | +308.8 | —17.07 VI.| 13.6| 11.8| +1.8 | +258.2 | +7.09
V.| 143.3 | 125.2 | 4183 | +327.0 | +6.82 VIL| 36| 1.9| +1.7 | +259.9 | +30.91
VI. | 130.5|120.7| 9.8 | +336.9 | +3.90 VIIL.| 42| 108| —6.6 | +253.3 | —44.00
VIL | 1157 | 88.9| +26.8 | +363.7 | 413.10 IX.| 28| 20| +0.8 | +2541 | +16.67
VIIL | 146.5 | 128.1 | +18.4 | +382.1 | --6.70 X.| 38| 81| —43 | +249.8 | —36.13
IX.| 80.7| 92.5| —11.8 | +370.3 | —6.81 XI.| 21| 65| —44 | 12454 | —51.18
X.| 758} 634! +12.4 | +382.7 | +8.91 XIT.| 154| 99| 455 | +250.9 | +21.74
XI.| 86.0| 71.6| 4+14.4 | +397.1 | +9.14
‘ XII.| 74.3| 81.3| —7.0 | +390.1 | —4.50 .
| 1965 .| 11.3| 144| —31 | +247.8 | —12.06
; 11.| 92| 120 —2.8 | +245.0 | —13.21
1960 1| 88.7| 66.8| +£21.9 | +412.0 | +14.08 IIL | 13.6| 92| -+44 | +2490.4 | +19.30
I ! 531 60.2| —7.1 | +404.9 | —6.27 v.| 63| 62| +01 | +249.5 | -+8.00
IIL. | 70.9| 63.9| 47.0 | +411.9 | +5.19 - v.| 98| 7.9| +1.9 | +251.4 | +10.73
IV.| 83.1| 80.8| 423 | +4142 | 4140 vi.| 77| 17 0.0 | +251.4 0.00
V.| 88.6| 94.2| —5.6 | 14086 | —3.06 VIL.| 153| 17.8| —2.5 | +248.9 | —7.55
VI.| 97.7| 958| +1.9 | +4105 | 40.98 VIIL| 91| 63| +2.8 | +251.7 | +18.18
VIL. | 82.9| 90.4| —7.5 | +403.0 | —4.33 IX.| 124 137 —1.3 | +2504 | —4.98
VIIL. | 71.4|102.5| —31.1 | +371.9 | —17.88 X.| 127| 150| —2.3 | 42481 | —8.30
IX.| 83.2| 90.6| —7.4 | +364.5 | —4.26 XI.| 84| 17.9| —9.5 | +238.6 | —36.12
X.| 63.0| 42.6| +20.4 | +384.9 | 4+19.32 XII.| 1L.6| 151| —3.5 | +235.1 | —I13.11
9
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Table II

Smoothed monthly relative numbers in the eastern and western half of the solar disc and their asymmetry—Skalnaté Pleso

Year [Month| E | W |E—W |SE—W) %‘:‘% o, Year |Month| E | W |E—W |Z(E—W) H 9,
1945 | IV.| 201 17.7] 424 | 424 | +6.35 X.| 52.7| 56.1| —3.4 | +436 | —3.13
V.| 221 1907| +24 | +48 | +574 XT.| 49.2| 51.5| —2.3 | +41.3 | —2.28
VI.| 225| 199 +26 | +74| 4613 | XIL | 47.0| 487 —1.7 | -+39.6 | —1.78
VIL | 235| 202| +33| +107| +7.55
VIIL | 26.3| 22.8| +35 | +142 | +7.13 1951 L| 465| 475| —1.0| 4386 | —1.06
IX.| 297| 26.5| +3.2 | +17.4 | +5.60 I | 447| 45.6| —0.9 | +37.7 | —0.97
X.| 32.8| 298| +3.0 | 4204 | 1479 TIL | 45.0| 45.6| —0.6 | +37.1 | —0.66
XI| 358| 32.9| +2.9 | +233 | 4422 IV.| 46.6| 462| +04 | +37.5 | -+043
XII. | 38.7| 358| +29 | 4262 | -+389 V.| 46.4| 46.1| +03 | +37.8 | 4032
' VI | 46.5| 455| +1.0 | +388 | -1.08
1946 I| 43.0| 385| -+45 | +307 | +552 VIL | 453 | 44.2| +1.1 | -+39.9 | -+123
IL | 485| 447| +38 | +345 | +4.08 VIIL | 42.4| 422] +02 | +40.1 | +0.24
I | 52.9| 49.8| +3.1 | +37.6 | +3.02 IX.| 40.3| 404| —0.1 | +400 | —0.12
IV.| 55.8| 53.4| 24 | +40.0 | +220 X.| 37.8| 383| —0.5 | +30.5| —0.66
V.| 60.1| 56.9| 432 | +432 | 4274 XI| 347| 36.4| —17 | +37.8| —2.39
VI.| 67.6| 62.8| +48 | -+480 | +3.68 XIL | 31.8| 336 —1.8| 360 | —275
VIL| 737| 68.0| +57 | +53.7 | +4.02
VIIL | 784| 71.9| +65 | +60.2 | +4.32 1952 1| 283| 305| —2.2 | 4338 | —374
IX.| 825| 758| 467 | +66.9 | +423 I | 26.8| 288 —20 | 318 | —3.59
X.| 857| 795| +62 | +731| 4375 1L | 24.3| 26.6| —2.3 | 1295 | —d4.52
XI.| 91.0| 83.9| +71 | +802 | +4.06 Iv.| 208| 240 —32 | +263| —7.14
XIL.| 96.6| 89.2| +7.4 | 4876 | +3.98 v.| 193] 220 —27 | 4236 | —6.53
VI| 185| 203| —1.8 | +21.8 | —4.64
1047 I| 983| 017 466 | +942 | +3.47 viL.| 18.2| 195| —1.3 | +205 | —3.45
IL| 99.9| 927 +7.2 | +101.4 | +3.74 VIIL | 17.9] 19.0| —I.1| +19.4 | —2.98
1L | 1035] 953| 482 | +100.6 | -+4.12 IX.| 175| 17.9| —o04 | +10.0 | —1.13
Iv.|106.3| 98.7| +7.6 | +117.2 | +3.71 X.| 17.6| 168| +08 | +198 | 4236
V.| 1059|1000 | +59 | +1231 | +2.87 XI| 17.7| 158| 419 | +21.7 | -+5.67
VI [103.1| 98.9| 442 | +127.3 | +2.08 XIL | 171 15.0| 421 | +238 | +6.54
VIL | 101.2| 97.9| -43.3 | +130.6 | +1.66
VIIL | 98.4| 95.7| 27 | +133.3 | +1.39 1953 L| 162| 140| 22| 4268 | 4728
1X.| 953| 92.0| -+33 | +136.6 | +1.76 IL | 148| 129| 419 | +27.9 | +6.86
X.| 96.0| 017| +43 | +141.0 | +2.34 IOL | 138| 121| +1.7 | 4206 | -+6.56
XL | 98.0| 92.2| +58 | +1468 | -+3.05 Iv.| 133| 17| +1.6| 312 | -6.40
XIL | 983 91.1| +7.2 | 41540 | +3.80 v.| 12.2| 109| +1.3| +325 | -+563
VI| 107| 97| 4+1.0 | +33.5| +4.90
1048 I| 98.4| 017| +67 | +160.7 | +3.52 VIL| 91| 81| 410 | +345 | +581
IL| 97.7| 92.3| 454 | +166.1 | +2.84 VIIL.| 82| 69| +13| 4358 | 4861
L | 96.2) 91.5| +47 | +1708 | +2.50 IX.| 79| 71| +08 | -+36.6 | -+533
V.| 95.2| 902| +50 | +1758 | +2.70 X.| 69| 68| +o01| +367| 4073
V.| 945| 89.1| 454 | +1812 | +2.44 XI.| 58| 57| +01| +368 | -+0.87
VI| 95.0| 88.7| 6.3 | +187.5 | -3.43 XIL| 51| 45| 106 | 4374 | +6.25
VIL.| 955| 89.0| 465 | +194.0 | +3.52
VIIL | 97.4| 922| 452 | +199.2 | +2.74 1954 L| 43| 40| +03| 4377 | +3.61
IX.|100.1| 97.8| 423 | +201.5 | -+1.26 IL| 35| 36| —0.1 | +37.6| —1.41
X.| 98.6| 98.8| —o0.2 | +201.3 | —0.10 IOL| 24| 28| —o04 | 4372 | —7.69
XI.| 93.5| 963 —=2.8 | 1985 | —1.58 Iv.| 20| 23| —03| 4369 | —6098
XIL | 89.1| 93.9| —4.8 | +193.7 | —2.62 V.| 21| 24 —03| +366 | —6.67
VI| 25| 29| —04 | 4362 | —7.41
1949 1| 86.8| 91.2| —44 | +189.3 | —2.47 VIL | 40| 3.6| +04 | +366| +526
IL| 81.8| 90.0| —82 | +184.1 | —2.97 VIIL.| 58| 48| +1.0 | +37.6 | -+9.43
IIL.| 83.6| 91.6| —80 | +176.1 | —4.57 IX.| 61| 54| 407 | 4383 | 16.09
IV.| 87.3| 935 —62 | +160.9 | —3.43 X.| 62| 58| 404 | +387 | +3.33
V.| 90.2| 96.7| —6.5 | +163.4 | —3.48 XI| 71| 67| +04 | 43901 | +290
VI.| 91.6| 99.5| —7.9 | +155.5 | —4.13 XIL| 85| 75| +1.0 | +40.1 | +6.25
VIL| 91.4|101.9| —105 | +145.0 | —2.43
VIIL. | 89.8|101.2 | —11.4 | +133.6 | —5.97 1955 L| 103| 82| +21 | +422 | +11.35
IX.| 87.9| 97.2| —9.3 | +124.3 | —5.02 IL | 12.0| 93| £27 | +44.9 | +12.68
X.| 88.1| 95.5| —17.4 | 41169 | —4.03 IL| 145| 11.4| +31 | +480 | +11.97
XI.| 88.8| 96.6| —7.8 | +100.1 | —4.21 IV.| 17.5| 13.8| 437 | 4517 | +11.82
XIL | 89.1| 97.5| —84 | +100.7 | —4.50 V.| 211| 169 +42 | +559 | +11.05
VI.| 248| 200| +48 | 4607 | +10.71
1950 I| 88.6| 97.6| —9.0 | +91.7 | —4.83 VII.| 26.9| 22.3| 446 | +653 | +9.35
TL.| 87.7| 957| —8.0 | -+83.7 | —4.36 VIIL | 31.0| 25.6| 54 | +70.7 | +9.54
L. | 835 90.1| —6.6 | +77.1 | —3.80 IX.| 38.1| 305| 7.6 | -+783 | +11.09
IV.| 710| 834| —64 | +707 | —3.99 X.| 44.5| 352| +9.3 | +87.6 | +11.67
V.| 709| 769| —6.0 | 4647 | —4.06 XI| 49.8| 40.0| 498 | +97.2 | +10.67
VL| 65.0| 71.4| —64 | +583 | —4.69 XIL | 548 45.1| 497 | +106.9 | -+9.71
VIL.| 61.4| 66.4| —50 | +53.3 | —3.91
VIIL | 50.4| 624| —30 | 503 | —=2.46 1956 L| 59.2| 495 +97 | +116.6 | -+8.92
IX.| 56.2| 59.5| —33 | +47.0 | —2.85 IL| 64.1| 53.5| 4106 | +127.2 | -+9.01
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Continuation Table 11

: _ E—W
Year | Month E w iE-—W T(E— W) g—i-x % Year | Month E w E—-W |[Z(E—W) BETW o
III.| 69.6| 57.8| +11.8 | +139.0 | +9.26 XI.| 62.0 | 651 | —3.1 | +377.2 | —2.44
IV.| 73.0| 63.9| +91 | +148.1 | +6.64 XII.| 58.2 | 62.6 | —4.4 | +372.8 | —3.64
V.| 75.0| 69.2| +5.8 | +153.9 | -+4.02
VI.| 79.2| 741| +5.1 | +159.0 | +3.33 1961 1.| 553 | 605 | —52 | +367.6 | —4.49
VIL | 84.1| 179.5| -+4.6 | +163.6 | +2.81 11| 52.1 | 56.2 | —4.1 | +353.5 | —3.79
VIII.| 85.2| 81.9| +3.3 | +166.9 | +1.97 10T, | 48.7 | 51.8 | —3.1 | +360.4 | —3.08
IX.| 85.1| 82.0| +3.1 | +1700 | -+1.86 IV.| 44.9 | 497 | —4.8 | +355.6 | —5.07
X.| 86.7| 842| 425 | +1725 | +1.46 V.| 41.2 | 47.8 | —6.6 | +349.0 | —7.42
XI.| 87.8| 87.5| +0.3 | +172.8 | +0.17 VI.| 38.1 | 446 | —6.5 | +342.5 | —17.86
XIL.| 90.2| 90.9| —0.7 | +172.1 | —0.39 VIL | 36.2 | 422 | —6.0 | +336.5 —Zl.gs
VIIL | 34.8 | 408 | —6.0 | +330.5 | —7.94
1957 I.| 942| 953 —1.1 | +171.0 | —0.58 1X.| 33.0 | 39.9 | —6.9 | +323.6 | —9.47
II.| 96.6] 98.8| —2.2 | +1688 | —1.13 X.| 30.8 | 388 | —8.0 | +315.6 | —11.49
IIL.| 99.5|102.0| —2.5 | +166.3 | —1.24 XI.| 29.3 | 37.0 | —7.7 | +307.9 | —11.61
IV.|108.6 | 107.4| +1.2 | +167.5 | +0.56 XIIL. | 27.8 | 335 | —5.7 | +302.2 | —9.30
V.| 1169|1127 +42 | +171.7 | +1.83 .
VI.| 121.4 | 116.7 +4.7 +176.4 41.97 1962 I.| 25.1 | 29.2 —4.1 +289.1 »—;.55
VIL. | 124.8|119.1| +5.7 | +182.1 | +2.34 II.| 22.7 | 266 | —3.9 | +294.2 ) —7.91
VIIL | 125.3 | 121.6 | +3.7 | +185.8 | +41.50 Ur | 214 | 252 | —3.8 | +290.4 | —8.15
IX.|126.2|124.4| +1.8 | +187.6 | +0.72 . IV.| 21.7 | 241 | —2.4 | +288.0 —5'%
X.|128.9|125.1| +3.8 | +191.4 | +1.50 V.| 222 | 230 | —08 | +287.2 | —L
'XI. | 132.1 | 126.5 +5.6 | +197.0 +2.17 VI.| 215 | 224 —0.9 +286.3 —2.05
XII. | 134.5|127.5| +7.0 | +204.0 | +2.57 v‘;ﬁ ?g-f g‘al’g —;-Z igg;-é —‘;-3?
1958 I.]136.4|128.0| +48.4 | +212.4 +3.18 IX.| 18.0 | 19.7 | —1.7 | +280.3 | —4.51
II.|138.4| 1317 | +6.7 | +219.1 +2.48 X.| 171 | 179 | —0.8 | +279.5 | —2.29
III.|139.9|134.7| +5.2 | +224.3 +1.89 XI.| 16.6 | 17.3 | —0.7 | +278.8 | —2.06
IV.|137.0|131.8| +52 | +229.5 | +1.93 XII.| 16.1 | 174 | —1.3 | +277.5 | —3.88
V.|183.4)\ 1273 462 | +235.7 ) +2.38 1963 | I| 156 | 17.3 | —17 | +2758 | —5.17 |
VI.|131.2|125.0| +6.2 | +241.9 | +2.42 _
I | 158 | 177 | —1.9 | +273.9 5.67
VIL |131.0124.1| +6.9 | +2488 | +2.70
L. | 16.0 | 177 | —1.7 | +272.2 | —5.04
VIIL | 133.8 | 122.9 | +10.9 | +259.7 | +4.25 v | 152 | 175 | —23 | 12609 | —7.03
IX.|135.4|123.2 | +12.2 | +271.9 | +4.72 : : . : : _
v.| 150 | 182 | —3.2 | +266.7 9.64
X.|135.2|127.0| +8.2 | +280.1 | +3.13 VI
.| 155 | 182 | —2.7 | +254.0 | —8.01
XI.|135.0(128.1| +6.9 | +287.0 | -+2.62
XIT. | 1351 | 128.1 70 | 12040 | +2.66 VIL| 161 | 17.8 | —1.7 | +262.3 | —5.01
e Sl : : VIOL | 17.2 | 184 | —12 | +2611 | —3.37
1959 I.0133.4|126.8| +6.6 | +300.6 | -+2.54 IX. | 17.7 | 195 | —L8 | +259.3 | —4.84
X.| 18.0 | 19.7 | —1.7 | +257.6 | —4.51
II.{133.0 | 123.0 | +10.0 | +310.6 | -3.91 <1 | 177 | 189 s > _
. . . —1. +256.4 3.28
II1. | 129.8 | 119.2 | +10.6 | +321.2 | +4.26 <ir | 167 | 181 | —14 | L2560 | —a02
IV.|123.5|115.1 | +8.4 | +329.6 | +3.52 . : : : :
V.| 119.61111.0 | 8.6 | +338.2 | +3.73 1964 | L.| 161 | 17.3 | —12 | +253.8 | —3.59
VI |115.7|107.2| +85 | +346.7 | +3.81 | 154 | 164 | —10 | L2528 | —3.14
VIL. | 110.6 | 103.4 | +7.2 | +353.9 | +3.36 T | 138 | 148 | —1.0 | +251.8 | —3.50
VIII. | 106.2 | 100.1 +6.1 +360.0 +2.96 V.| 12.2 12.9 —07 4251.1 —2.79
IX.|101.2| 96.2| +5.0 | +365.0 | +2.53 V.| 109 | 11.7 | —0.8 | +250.3 | —3.54
X.| 96.8( 90.0| +6.8 | +371.8 | +3.64 VL | 104 | 111 | —0.7 | +249.6 | —3.26
XI.| 93.4) 857 +7.7 | 43795 | +4.30 VIL | 10.3 | 1.2 | —0.9 | +248.7 | —4.19
XII. | 89.8| 83.4| +6.4 | +3859 | +3.70 VIII.| 94 | 108 | —I1.4 | 42473 | —6.93
IX.| 89| 99| —1.0 [ +246.3 | —5.32
1960 1| 87.1 | 82.4 | +4.7 | +3890.6 | +2.77 X | 85| 98| —o8 | +2455 | —4.49
II.| 826 | 81.4 | +1.2 | 43918 +0.73 XI.| 80| 88| —0.8 | +2447 | —4.76
IIL. | 79.5 80.2 —0.7 +391.1 —0.44 XII. 71 8.2 —0.5 1-244.2 —3.14
IV.| 79.1 | 79.3 | —0.2 | +390.9 | —0.13
V.| 774 | 779 | —0.5 | +390.4 | —0.32 1965 I| 80| 87| —0.7 | +243.5 | —4.19
VI.| 753 | 76.6 | —1.3 | +389.1 | —0.86 II.| 87| 92| —0.5 | +243.0 | —2.79
VIL | 72.0 | 740 | —2.0 | +387.1 | —1.37 III.| 93| 95| —02 | +2428 | —1.06 °
VIIL. | 69.4 | 71.9 | —2.5 | +384.6 | —1.77 IV.| 10.0 | 10.3 | —0.3 | +242.5 | —1.48
IX.| 68.2 | 70.2 | —2.0 | +382.6 | —1.44 V.| 107 | 11.0 | —0.3 | +242.2 | —1.38
X.| 65.7 | 68.0 | —2.3 | +380.3 | —1.72 VI.| 108 | 11.7 | —0.9 | +241.3 | —4.00

Discussion of the asymmetry determined

The numerical results of the distribution of the
Wolf number between the eastern and western
half of the solar disc lead to the following conclu-

sions:

1. The prevalence of the eastern half of the
solar disc, that is positive asymmetry, is not
systematical for the Wolf number, as found at
Skalnaté Pleso, since it changes to negative asym-
metry after a certain time.

2. The prevalence of both the eastern and wes-
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Table III

The number of months with gpositive (= E) and negative (= W)
asymmetry for different periods—Skalnaté Pleso

Observed monthly relative numbers
Number of months
Poriod with asymmetry E—W E:z %
+(=E)| —(=W)
X. 1944— V. 1948 31 13 418 +419%,
VI. 1948— IV. 1955 34 49 —15 —18
V. 1955—1IV. 1960 42 18 +24 +40
V. 1960—VII. 1966 22 52 —30 —41
Smoothed monthly relative numbers
V. 1945— IX. 1948 42 0 +42 +100
X. 1948— IX. 1952 5 42 —37 — 79
X. 1952— 1II. 1960 70 9 +61 + 77
IIL. 1960— 1. 1966 0 71 —T71 —100

tern half of the solar disc over a certain relatively
long period is systematical: both positive and
negative asymmetry in certain periods occur more
frequently than would accidentally occur one out
of two possible alternatives. '

3. East-west asymmetry variations between
positive and negative values appear not to be
accidental. Two cases, that is the 18th and 19th
cycle, certainly cannot lead to a definitive con-
clusion, yet it is worth noting that asymmetry
roughly changes in the periods subsequent mini-
mum and maximum solar activity. Or, in other
words, positive asymmetry is more frequent on the
ascending branch of the 11-year cycle and at the
time of high solar activity, while negative asym-
metry is more frequent on the descending branch

12

and at the time of low solar activity. Letfvs
(1959) obtained a similar result for-chromosphe=i:
flares.

4. Knowing that asymmetry is nor exclusively
positive, but that it varies between positive and
negative values and that these variations are not
accidental, we have to give up certain interpre-
tations of positive asymmetry, such as the incli-
nation of the axis or the unfavourable influence
of the Earth which ban negative asymmetry, except
it were a local error (Link for the corona, 1957).
The asymmetry variations, however, call for ex-
planation not only of the asymmetry itself, both
positive and negative, but also of the cause of
these variations. This, evidently, adds to the
complexity of the asymmetry problem.

5. First, however, it will have to be determined
whether the variations in asymmetry are:

a) a phenomenom real on the Sun itself,

b) a phenomenon only due to certain terrestrial

conditions,

c) a local error,-in the given case an error at

Skalnaté Pleso. ‘

Ad a) If the asymmetry variations in a certain
rhythm with the 11-year cycle of solar activity are
a real phenomenon on the Sun itself, this pheno-
menon must be observed by all stations, in the
main, however, in the supplemented observational
series. In this case, the asymmetry would be a
virtual characteristic of the 11-year cycle.

Ad b) If the asymmetry is only due to a terres-
trial phenomenon, such as poorer observational
conditions after the transit of the active region
through the central meridian, or pending obser-
vation, positive activity ought to be lower or even
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non existent in observational series put together
by a number of stations. This, naturally, means
that the terrestrial effect responsible for apparent
asymmetry must depend in a way on solar activity.

Ad c) If the asymmetry variations observed are
only a local error of Skalnaté Pleso, other stations,
and especially the supplemented observational
series, naturally cannot record such asymmetry.

Asymmetry in the number of groups

In order to determine which of these three
possibilities is responsible for the asymmetry ob-
served at Skalnaté Pleso, we examined the asym-
metry in groups not only as found at Skalnaté
Pleso, but also as found'by two other independent
stations: Uccle and Tokyo. The material published
by the Eidgengssische Sternwarte, Zurich, permits
to compare the asymmetry reported by one station
with that given in the supplemented observational
series. '

The east-west asymmetry in groups as given
by these stations for each year is listed in Tabs. IV
through VII. Tab. VIII gives both the relative and
total asymmetry for the stations in question all
over the common period.

Table IV
Asymmetry of groups—Skalnaté Pleso
Year |E+W |E—W | sE—W) | E=W,
E+wW ’/
1945 912 +54 +564 +5.9%
- 1946 2125 +39 +93 +1.8
1947 2877 —29 +64 —1.0
1948 2557 +93 +157 +-3.6
1949 2499 —171 +86 —2.8
1950 1841 —69 +17 —3.7
1951 1299 +21 +38 +1.6
1952 546 —20 +18 —3.7
1953 299 —1 +17 —0.3
1954 75 —17 +10 —9.3
1956 571 +61 +71 +10.7
1966 1856 +112 +183 +6.0
1957 2183 +121 +304 +5.5
1958 2638 +72 +376 +2.7
1959 2531 +191 +567 +17.5
1960 2269 419 +586 +0.8
1961 1123 —1T71 +5156 —6.3
1962 491 +25 -+ 540 +5.1
1963 485 —19 +521 —3.9
1964 379 —3 +518 —0.8
1965 243 +7 + 5625 +2.9
Total | 29799 +525 +1.8

The total and relative asymmetry for the period
in common of the four stations in question, that
is Skalnaté Pleso, Tokyo, Uccle and Zurich, permit

Table V
Asymmetry of groups—Tokyo

1 i
E—W
LW — E—W — 9
Year E+ W E—W | X ) W %
1950 1741 —3 —3 —0.29%,
1951 1369 —1 —4 —0.1
1952 711 —13 -—17 —1.8
1953 306 +12 —5 i +3.9
1954 134 —2 —1 i -—1.5
1955 920 —24 —31 —2.6 |
1956 2410 +52 +21 +2.2 i
1957 3294 +82 +103 +2.5
1958 3302 —4 +99 —0.1
1959 2300 452 +151 +2.3
1960 2259 469 4220 +3.1
1961 1146 +6 +226 +0.5
1962 662 +2 +228 +0.3
1963 553 423 +251 +4.2
1964 221 —17 +234 —17.7
| Total 21328 +234 +1.1
Table VI
Asymmetry of groups—Uccle
E—W
Year  E —W — — o
ea | +W | E—W  XE W)iE-I-WA’
1950 2232 —200 —200 —9.0
1951 1472 —94 —294 —6.4
1952 762 —42 —336 | —5.5
1953 259 +29 —307 +11.2 |
1954 104 —4 —311 —3.8 |
1955 482 +8 —303 +1.7
1956 2140 +8 —295 +0.4
1957 3229 +45 —250 +1.4
1958 3169 —47 —297 —1.5
1959 2202 +172 —I125 +17.8
1960 1612 +26 | —99 +1.6
1961 999 +23 | —7T6 +2.3
1962 Data not available |
1963 549 —3 —19 —0.6
1964 179 —17 —96 —9.5
1965 285 —5 —101 —1.8
|
Total 19675 —101 !’ —0.5

no conclusion as to the reality of positive asym-
metry in Maunder’s sense: two stations report a
prevalence of the number of groups on the eastern
half of the solar disc and the other two stations
report this prevalence on the western half. The
Uccle and Zurich materials with negative asym-
metry deny, at the same time, the applicability
of the hypotheses explaining positive asymmetry
by a factor on the Sun itself, that is the negative
influence of the Earth and the inclination of the
spot axis. This statement would only be unjustified
if we allowed for yet another factor responsible
for negative asymmetry, which would be so
prominent in the case of Zurich and Uccle that
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Table VII
Asymmetry of groups—Zurich

E—W
r ! — —E o/
Yea E+W  E—W | X(W ) BT W %
1926 1549 —129 —129 —8.33
1927 2017 +69 —60 +3.42
1928 2033 +143 +83 +7.03
1929 1702 +34 +117 - +2.00
1930 1332 +186 +303 +13.96
1931 653 +11 +314 +1.68
1932 419 . +37 +351 +8.83
1933 168 —16 +335 —9.52
1934 328 —22 +313 —6.71
1935 1083 +37 +350 +3.42
1936 2273 —175 +275 —3.30
1937 3484 +24 +299 +0.69
1938 3038 —30 +269 —0.99
1939 2858 —90 +179 —3.15
1940 2060 —170 +109 —3.40
1941 1497 —13 -+ 96 —0.87
1942 1024 —18 +178 —1.76
1943 490 —6 +172 —1.22
1944 371 —19 +53 —5.12
1945 1083 +37 +90 +3.42
1946 2735 +41 +131 +1.50
1947 5090 —322 —191 —6.33
1948 4229 —131 —322 —3.10
1949 4522 —338 —660 —-7.47
1950 2953 —2175 —935 —9.31
1951 2198 —94 —1029 —4.28
1952 1264 —50 —1079 —3.96
1953 532 +8 —1071 +1.50
1954 192 —20 —1091 —10.42
1955 1477 +19 —1072 +1.29
1956 4240 +48 —1024 +1.13
1957 6009 —219 —1243 —3.64
1958 6232 —162 —1405 -—2.60
1959 5401 +49 —1356 +0.91
1960 4278 —64 -—1420 —1.50
1961 1866 —68 —1488 —3.64
1962 1204 +12 —1476 ‘+1.00
1963 988 —48 —1524 —4.86
1964 378 —14 —1538. —3.70
1965 544 —4 —1542 —0.74
| |
Total 85794 | —1542 | —1.80
| |
Table VIII

Total and relative asymmetry of groups for the years 1950
to 1964

|
Station | E—w E:l". %
E+W '
Skalnaté Pleso +432 +2.3
Tokyo 4234 +1.1
Uccle —96 —0.5
Zurich —878 —2.2

it would not veil positive asymmetry. So far,
however, we have no hypothesis to explain negative
asymmetry. It should be emphasized that the
Zurich material is a supplemented series.

The negative asymmetry for Zurich and Uccle
does not mean that the alternative under a) would
apply, but the result obtained justifies us to
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concentrate our search for the cause of asymmetry
onto the Earth.

The asymmetry variations in the Wolf number
recorded at Skalnaté Pleso suggested a similar
dependence on the phase of the 1l-year cycle of
solar activity also for the asymmetry of groups
(see Tab. IX). The degree to which this pheno-
menon, so pronounced for Skalnaté Pleso, is
attributable to local conditions may be determined
by comparison with other stations. To this pur-
pose we determined the asymmetry in the distri-
bution of groups over the solar disc during the

Table IX

Number of years with positive and negative asymmetry of groups
in different phases of the 11-year solar cycle (Skalnaté Pleso)

Period Number of years
n + —
1945—1948 4 3 1
1949—1954 6 1 5
1955—1958 4 4 0
1959—1964 6 3 3
ascending branch
altogether 8 7 1
descending branch
altogether 12 4 8
— ;3
Table X
East—uwest asymmetry of groups in different phases of the solar
cycle
! !
Station n E w | E—W E—-W %
! E+W

Period of increaging and high activity, 1945 to 19438

Zurich 4| 6381 6756 | —375 —2.89%
Greenwich 4| 6413 6186 | 4277 +1.8
Skalnaté Pleso | 4 | 4314 4157 +157 l +1.9

Period of decreasing and low activity, 1949 to 1954
|

Zurich 6 | 5447 6216 | —1769 —6.6
Greenwich 6| 5059 | 5183 '@ —T4 —0.7
Skalnaté Pleso | 6 | 3206 3353 —147 —2.2
Tokyo 5| 2127 2134 —17 —0.2
Uccle 5| 2259 | 2570 —311 —6.4
Period of increasing and high activity, 1955 to 1959
Zurich 511547 | 11812 —265 —I1.1
Greenwich 4| 75568 7142 +416 +2.8
Skalnaté Pleso | 5 | 5168 | 4611 +557 +5.7
Tokyo 5| 6192 | 6034 +158 +1.3
Uecle 5| 5704 | 5518 +186 +1.7
Period of decreasing and low activity, 1960 to 1964
Zurich 5| 4266 | 4479 —213 —2.4
Skalnaté Pleso | 5 | 2349 | 2398 —49 —1.3
Tokyo 51 2462 | 2379 +83 +1.7
Uccle 4| 1684 1655 +29 +0.9
Bucuresti 4| 2131 2162 —31 —0.7
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period of ascending branches of the solar cycle
and its maximum, and during that of the descending
branches and the minimum. The results from the
visual observations of the four stations examined
are listed in Tabs. X and XI, together with the
same values from Greenwich, whose material was
obtained photographically.

Table X1

East—west asymmetry of groups during the periods of increasing
and decreasing solar activity

Years n|lE+W |E—W E_—W% E—W
E+ W n
Greenwich
Periods of increasing and high activity
1916—1918 | 3 8680 +76 +0.9 +25
1925—1928 | 4 8896 +164 +1.8 +41
1935—1938 | 4| 11516 +100 +0.9 +25
1945—1948 | 4| 12599 + 227 +1.8 + 57
1955—1958 | 4| 14700 +416 +2.8 +104
Total !191 56391 | +983 | 417 52 |
i ! J
Periods of decreasing and low activity I
19191924 ‘ 6| 5969 161 | 411 +11
1929—1934 1 6 5709 +109 +1.9 +18
1939—1944 ; 6 8850 —130 —1.5 —22
1949—}954 ! 6[ 10192 —74 —0.7 —12
Total i 24] 30720 l —28 ] —09 | 1
| i
Zurich
Periods of increasing and high activity
1926—1930 | 5 8633 +303 +3.5 +61
1935—1937 | 3 6840 —14 —0.2 —5
1945—1948 | 4| 13137 —375 —2.8 —94
1955—1959 | 5| 23359 —265 —1.1 —53
Total } 17 ‘ 51969 | —351 | —0.7 —21
Periods of decreasing and low activity
19311934 | 4| 1568 110 | +06 43
1938—1944 | 7| 11338 —246 —2.2 —35
1949—1954 | 6| 11663 —769 —6.6 —128
1960—1964 | 5 | 8745 —213 —2.4 —43
Total ’221 33314 l —1218 —3.7 —55

Comparing these stations we may conclude as
follows:

1. Asymmetry is positive or less negative during
the ascending and maximum activity than during
the decreasing and minimum activity of the solar
cycle. Asymmetry is negative or less positive
during decreasing and low, than during ascending
and maximum solar activity. This may be consi-
dered to prove the dependence of asymmetry on
the phase of the cycle, as it appears at all stations
regardless of the final asymmetry value.

2. This conclusion urgently requires an expla-
nation of negative asymmetry or at least that of
attenuated positive asymmetry during decreasing
and low solar activity.

3. The negative asymmetry according to the
Zurich series of visual observations and the ne-
gative asymmetry for the latest 11-year cycles
according to the material of Greenwich (Kulesova
1963, Buzek 1954), that of Taskent (KuleSova
1963, Kulesova, Slonim 1957), Ebro (processed by
the writer) and Mount Wilson (Bell, Glazer 1959)
do not permit the conclusion that positive asym-
metry may be considered real on the Sun or
produced by solar phenomena (see Tab. XII). This
prompted us dismiss the two most discussed
theories of the origin of positive east—west asym-
metry, and to examine the material of Skalnaté
Pleso, as an independent station, by two methods
for the effect of cloudiness on east-west asym-
metry.

Table XIT

Asymmetry of sunspots since 1930

Author Station Year i]heenrg;- ?:x %
Kulesova Greenwich 1933—1954| area —1.6
Romana Greenwich 1934—1943| area —0.7
Menendez | | Washington }

Ebro

Kulegova Taskent 1937—1962 area —1.0
Pajdusékova | Ebro 1955—1962| area —3.8
KuleSova Taskent 1935—1961| groups | —2.7
Pajdusékové | Greenwich 1936—1954| groups | 0.1
Pajdusédkovd | Zurich 1933—1964| groups | —2.5
Bell

Glazer } Mount Wilson| 1937—1953| groups | —1.3
Pajdusékova | Skal. Pleso 1945—1965| groups | +1.8
Pajdusékové | Tokyo 1950—1964| groups | +1.1
Pajdusékové | Uccle 1950—1965| groups | —0.5
Kulesova

Slonim } Taskent 1944—1954| spots | —4.5

The meteorological factor

The possibility to explain east-west asymme-.
try, at least partly, by meteorological factors was
hinted at by F. Link (1948, 1952, 1956). Accord-
ing to him, the importance of these factors is only
secondary, ranking behind that of the planets,
but he emphasizes that the observational condi-
tions of the western half of the solar disc are less
favourable than those of the eastern half. He
shows, for instance, that the number of discon-
tinued observations of chromospheric flares is
higher on the part westward of the central meridian
than on that eastward. The observations of the
western part were interrupted by cloudiness, that
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is due to worsened observational conditions. Link
also shows that solar activity in two different
regions may have opposite meteorological effects
and hence also cause unequal asymmetry. And
this makes it imperative to study the meteorolo-
gical effect on asymmetry in the material of a
single station. The meteorological factor may act
in two ways:

1. Active centres on the Sun may cause weather
to change for the worse, but not until the active
centre in question has migrated to the western
half of the solar disc. In such cases, this active
region, together with all its effects on the Sun,
will be observed less frequently westward than
eastward of the central meridian.

2. Longer observations of a certain pheno-
menon of solar activity, such as in the case of
plotting spots in projection near the maximum,
or corona—intensity observations by five degrees,
need not always be completed, as they may get
interrupted by cloudiness. During the many years
of photosphere observations at Skalnaté Pleso we
were almost forced into accepting the meteorolo-
gical factor in this sense, so often did cloudiness
prevent us from completing our observations. If
observations are systematically started from the
eastern limb, which is the rule at Skalnaté Pleso,
the western half of the solar disc has the disadvan-
tage of the eastern half, and this results in positive
asymmetry.

We examined this unfavourable effect of wor-
sening observational conditions on longer obser-
vations in the east—west asymmetry of the corona,
as observed at Pic du Midi. Of the nine investigated
stations, only Pic du Midi gives a systematic
positive east—west asymmetry (Pajdusidkové
1966). However, the connection between worse-
ning observational conditions, even pending obser-
vation, and the observation of positive asymmetry
by this coronal station, has been proved by more
than one method.

The effect of meteorological factors on east—
west asymmetry will be examined by two methods
in the material of Skalnaté Pleso: We shall exa-
mine 1. the dependence of east-west asymmetry
on precipitation and 2. the dependence of this
asymmetry on the number of daily observations
missed for long-lived groups.

Precipitation and asymmetry

The amount of precipitation may be considered
an indicator of cloudiness and thus also of adverse
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observational conditions. If the meteorological
factor is real, the amount of precipitation must be
higher for positive asymmetry, and vice versa,
lower for negative asymmetry (in combination
with the psychological factor). )

Tab. XIII gives the total and relative asym-
metry on the number of groups for each year,

Table XIII

East-west asymmetry of sunspot groups and the annual pre-
cipitation level at Skalnaté Pleso

Groups Precipitation in mm
E—W
Year E—W EIW %% | amount | difference
1945 + 54 +5.9 2155 +1785
1946 +39 +1.8 1192 —178
1947 —29 —1.0 1261 —109
1948 493 +3.6 1756 +386
1949 —171 —2.8 1677 +307
1950 —69 —3.7 1261 —109
1951 +21 +1.6 1174 —196
1952 —20 —3.7 1236 —134
1953 —1 —0.3 1262 —108
1954 —1 —9.3 1288 —82
1955 +61 +10.7 1657 +287
1956 +112 +6.0 1355 —15
1957 +121 +5.5 1139 —231
1958 +72 ° +2.7 1535 +165
1959 +191 +17.5 ; 1207 —163
1960 +19 +0.8 1516 +146
1961 —T71 —6.3 911 —459
1962 +25 +5.1 1507 +137
1963 —19 —3.9 1070 —300
1964 —3 —0.8 1228 —142
1965 +3 +1.3 1379 +9

together with the amount of precipitation and its
yearly departure from the average of the period
in question (1370 mm). Tab. XIV lists the amount
of precipitation at Skalnaté Pleso for the periods
with positive and negative asymmetry, and the
number of years in keeping and not in keeping
with the presumed dependence mentioned. The

Table XIV

Precipitation at Skalnaté Pleso during the periods of positive
and negative asymmetry

Number mea,lll).aél
Period Asymmetrfy oi ye&is of procipi- leference
' tation
1945—1948 + 3 1 1591 +221
1949—1954 — 4 2 1316 —b54
1955—1960 + 3 3 1401 +4-31
1961—1964 — 4 0 1137 —191

Sign + indicates a positive asymmetry for a year with a high
level of rainfall, or- a negative asymmetry for a year with
alow level of rainfall; sign— indicates the opposite association
between rainfall and asymmetry. ’
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tables show a rise in precipitation for positive
asymmetry, when it is above average, and vice
versa, a drop in precipitation, below the average
of Skalnaté Pleso, for periods of negative asym-
metry. Out of the 21 years examined, 15 satisfy
the presumption that asymmetry is positive for
enhanced precipitation and negative for low preci-
pitation. This high percentage (71) of asymmetry
coinciding with a certain meteorological factor
may be considered to prove the fact that the
meteorological factor influences asymmetry.

Missed days and asymmetry

The second method of examining the effect of
weather on east-west asymmetry, that is an
investigation of the observational conditions se-
parately for the solar halves to the east and to the
west of the central meridian, is perhaps even more
conclusive. The observational conditions were
investigated for long-lived groups assumed to had
risen and set, in other words, for groups observable
from the eastern to the western limb of the solar
dise. From the material of Skalnaté Pleso we used
all groups of the type D through I (according to
the Zurich classification) with favourable obser-
vational conditions for at least 13 days. These
groups were divided according to type into two
groups: the first comprising types D, E and F,
the second types G, H and I. The first group
represents the ascending branch in the develop-
ment of spot groups, the second the descending
branch. This classification was based on the assum-
ption that geo-active regions comprise, in the
main, groups of the type D through F, so that it is
precisely these regions which cause worsened
weather conditions and thus also poorer obser-
vational conditions. If this assumption applies,
groups of the type D to F ought to be observed
less frequently on the western than eastern half
of the solar disc. These largest groups, however,
are, as a rule, not isolated, but accompanied by
other groups, and their asymmetry may be positive
due to the fact that the number of groups observed
east of the central meridian is larger than of those
observed west. )

We determined for all these groups the days on
which they were observed east and west of the
central meridian and those they were not observed
due to adverse weather conditions. It need not be
emphasized that a larger number of days missed
in the west will give positive asymmetry for these
groups. However, if the asymmetry in types.D, E

2 Observatérium IV

and F is the same as the asymmetry in all groups,
we are justified to conclude that adverse obser-
vational conditions for the western half are respon-
sible for positive east-west asymmetry.

Tab. XV. lists the following values: the number
of days on which the groups were observed, the
number of missed observations for both group-
types and for each year. The last column gives
the total asymmetry in all groups. This examina-
tion covered the 14 years coinciding with the
period beyond the minimum of the 18th and 19th
cycle.

Table XV

The asymmetry on missing days for the groups of duration
longer than 12 days

Types D+E4+F G+H4I all groups i
Year E WE-W E WE-—W E—-W "
1946 12 15 —3| 32 31 41 39 |
1047 55 53 42| 45 58 —I3 —29 |
1948 | 45 71 —26| 72 66 +6 +93 |
1949 | 54 47 47| 53 48 +5 7
1950 | 19 16 +3| 32 24 +8 —69 |
1051 25 17 +8| 22 30 —8 +21
1952 10 13 —3| 15 16 —1 —50 |
1956 | 51 60 —9 | 53 63 —I10 +112 !
1057 24 33 —9| 37 34 +3 +121 |
1958 | 109 133 —24 | 82 87 —5 L72 |
1959 | 40 69 —20| 65 90 —25 +101 7
1960 | 37 30 +7 | 46 44 42 +19 |
1061 9 4 45| 14 11 +3 —11
1962 14 17 —3| 12 19 —7 +25 (

The numerical results show that of the 14 years
in question, 11 satisfy the assumed influence of
meteorological conditions on total asymmetry.
The number of D, E and F-type observations
missed did not influence total asymmetry only
in three cases. Types D, E and F have better
observational conditions before than after the
passage across the central meridian. Of the total.
number of observations, those missed in the west
exceed by 6.9 %, those missed in the east.

The asymmetry of the second group of types,
that is of types G, H and I, is not so closely
associated with the total asymmetry of groups:
for the 14 years in questions, the asymmetry of the
missed observations only corresponds in 8 cases
to the total asymmetry of all groups. Taking into
account te relatively small number of years
investigated, the observed distribution of agre-
ement and disagreement, that is 8 and 6, may be
quite accidental. The number of days missed for
these types in the 18th cycle is even equal, that
is 271, on the eastern and western half.
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The years which contributed most markedly to.

the east-west asymmetry observed at Skalnaté
Pleso were from 1956 to 1959 when the ratio of
the days missed for types D, E and F observable
for 13 or more days on the visible solar hemisphere
was 233 : 295. Their relative asymmetry is rather
marked: —11.7 %,. Taking into account the fact
that, as said before, precisely these groups are
located in regions relatively abundant in groups,
we are justified to conclude that adverse obser-
vational conditions due to active regions on the
Sun may affect east-west asymmetry.

Explanation of negative east-west asymmetry

It is uncontested that negative asymmetry was"

ascertained by numerous authors, but it is also
true that we have no hypothesis of its origin so
far. This led certain authors to maintain that
asymmetry is a phenomenon quite accidental, so
that it is redundant to frame any hypotheses of its
origin.

It is evident, however, that the negative asym-
metry in the material of Zurich and Skalnaté
Pleso cannot be considered a matter of chance.
We do not hesitate to believe that its origin calls
for explanation. The following is a tentative
explanation of the phenomenon.

The hypotheses accounting for the origin of

positive asymmetry are inapplicable to negative

asymmetry, unless the cause in question were in
connection, in one way or the other, with the
11-year cycle of solar activity. It, however, is
unconcievable that the inclination of the spot
axis, for instance, would point westward during
the maximum and eastward during the minimum
of solar activity. On the other hand, it is quite
possible that the effect of solar activity on obser-
vational conditions (cloudiness, calm atmosphere)
is more marked during the maximum that mini-
mum, when negative asymmetry may by quite
accidental. However, the occurrence of negative
asymmetry in the material of Zurich and Skalnaté
Pleso exceeds the degree attributable to chance—
and this cannot be left unaccounted for.

The many years we spent to observe visually
and to draw the photosphere in projection led us
to the conclusion that the prevalence in the number
of groups of the western over the eastern half of
the solar disc may be accounted for as follows:

It is well known that the disappearing groups
(no matter whether setting or decaying) recorded
by the observer on the western half of the solar
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disc outnumber those recorded on the eastern half
and, vice versa, that the beginnings of groups
recorded on the eastern half outnumber those on
the western half. We do not know for certain
where a new group will form or rise, except in the
case of recurrent groups, and thus we simply look
for new groups. With setting or decaying groups
the situation is much more favourable. The ob-
server knows where to look for a decaying or
setting group. And, especially when observational
conditions are bad for visual observation, he uses
the short spells of clear sky or steady image to
inspect more in detail the suspect regions. The
observer often takes the pain to search until he
discovers a small decaying or setting group. Such
cases are much more frequent to the west than to
the east of the central meridian. It is therefore
not exaggerated to say that this advantage of the
western half of the disc apparently distorts the
symmetry about the central meridian of the visi-
bility curve of spots: the disappearing spots found
on the western half of the disc are smaller than the
appearing spots found on the eastern half (Min-
naert 1939, Kopecky 1956).

The factor underlying our explanation of the
origin of east-west asymmetry is given by a certain
characteristic of the observer, and hence we shall
call it the psychological factor.

The psychological factor may also account for
the type of III east-west asymmetry. Maunder
may have found that rising groups outnumber
setting groups, but materials processed more
recently show that this is not the case: the groups
observed in the western border-region outnumber
those in the eastern border-region. Tab. XVI gives
among others, the relative asymmetry in the area
of spots or in the number of groups in border
belts 20° to 26° wide.

Table XVI
The asymmetry of rising and setting sunspots
Autor Station Years Pheno- | Asym-
menon | metry
Waldmeier Zurich 1936—1943 | groups | —3.2
Gleissberg Mount 1943—1945 | groups | —2.2
Wilson
Roggenhausen | German 1943—1949 | groups | —1.2
Stations
Bell, Glazer Mount 1937—1953 | groups | —2.9
Wilson
Kulefova Greenwich 1923—1954 | areas | —4.1
Kuledova Taskent 1935—1961 | groups | —6.7
Kulesova Taskent 1937—1962 | areas +2.7
Pajdusékovéd | Greenwich 1931—1954 | groups | —1.3
Pajdusékova | Zurich 1926—1963 | groups | —4.5
Pajdusékovéd | Uccle 1950—1963 | groups | —2.1
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The psychological factor must not be mistaken
for inconscientiousness on the part of the observer.
In this effort not to omit any spot or goup still
observable, the observer concentrates his atten-
tion on regions he knows to have had a group the
previous day. We believe that this is quite a na-
tural quality of every good observer. This con-

centration upon the western hemisphere is more -

marked during low and decreasing solar activity
than during increasing and maximum activity.
The reasons why the western half of the disc is
in a position especially disadvantageous during
maximum activity, and for observations started
at the eastern limb (which is the normal procedure
at Skalnaté Pleso and, most likely, also at other
stations) are as follows:

a) The possibility of the observation being
interrupted by cloudiness or terminating in poorer
observational conditions. The reverse, that is
termination in better observational conditions, is
impossible, since we repeat the observation if
observational conditions improve.

b) The observer’s fatigue, especially if the num-
ber of sunspots is as large as it was over the latest
two maxima (the monthly average was more than
300 at Skalnaté Pleso). '

¢) The feeling of satisfaction over an extraor-
dinarily large number of groups and spots may
lead to less careful inspection of the western half
of the disc.

The following is to show that it is easy quite
unintetionally to infer negative asymmetry in the
number of groups at the Zurich station, with its
supplemented observational series, and hence
systematic negative asymmetry.

From 1932, when the cumulative sum of total
asymmetry in the number of groups for the fore-
going 7 years reached the maximum of 351
positive value, until 1965 included, the number
of groups observed on the western half of the
disc exceeded by 1894 those observed on the
eastern half. This period includes about 420 ro-
tations, so that each rotation has, on the average,
almost 5 observations of groups more on the
western than on the eastern half of the disc.
If we take into consideration the fact that this
period had three maxima, the highest ones on
record, and that certain rotations had as much
as hundred groups, it is easy to get an excess of
five observations, in favour of the western half
at certain stations.

In a supplemented observational series, such
as that of the Zurich station, the effect of the

psychological factor, which leads to negative
east-west asymmetry, may cumulate; on the other
hand, however, the unfavourable effect of obser-
vational conditions and the errors of the observer,
which result in omitted groups at one station, may
be quite eliminated.

Conclusions

1. The effect of observational conditions in-
fluenced by meterological factors on east-west
asymmetry has been proved by two methods, two
tests. The meteorological factor is especially mar-
ked if solar activity is enhanced. The meteorolo-
gical factor may get completely eliminated in
a series of observations supplemented by obser-
vations of more stations.

2. The prevalence of the western half of the
solar disc in the number of groups may be accoun-
ted for by the psychological factor. The effect of
this factor associated with the observer is most
likely greatest if solar activity deacreses or is
low. This prevalence of the western half of the
disc may become more pronounced in the supple-
mented observational series, because the errors of
more stations may cumulate.

3. Combined, these two factors may account
for both the negative east-west asymmetry, as
seen in the supplemented Zurich series which is
obtained by visual observations, and the variabi-
lity of positive and negative asymmetry during
the 11-year cycle for one station, such as Skalnaté
Pleso.

4. A discussion of east-west asymmetry is only
justified after elimination of the effects of these
factors.

5. The psychological and meteorological factor
may be eliminated by the photographic method
provided:

a) any instrumental error is eliminated,

b) the photosphere is photographed every day
with favourable atmospheric conditions,

c) two independent evaluations are made, one
starting at the eastern, the other at the western
limb of the solar disc.

6. The photographic method applied under the
conditions mentioned does not eliminate the natu-
ral positive east-west asymmetry which results
from the non-symmetrical development of groups
in time: sometimes during the second and almost
always during the third and further rotation, the
area of the groups is larger when they rise than
when they set (Burzek 1954).
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I wish to thank all observers who participated
in the photosphere observations and all members
of the staff who helped to process the material
statistically.
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L. PATJDUSAKOVA

VYCHODO-ZAPADNA ASYMETRIA SLNECNYCH SKVRN

Problém vychodo-zdpadnej asymetrie javov sl-
neénej aktivity zatial nie je dorieseny.

V predkladanej praci sa konstatuje vychodo-
zdpadnd asymetria Skvin na niektorych stani-
ciach s vizudlnym pozorovanim a rozoberaja sa
niektoré mozné pri¢iny vyvoldvajice asymetriu.

Mesadné relativne &isla zo Skalnatého Plesa
podas 18. a 19. cyklu vykazuju systematicky
kladnt asymetriu len v obdobi vzostupnej a vy-
sokej slnecnej ¢innosti. V obdobi klesajtcej a niz-
kej ¢innosti je asymetria zdpornd. Podobnd zdvis-
lost asymetrie od fazy cyklu vykazuju i iné sta-
nice: v obdobi zostupnej a nizkej ¢innosti je asy-
metria zdpornd alebo menej kladna ako v obdobi
vzostupu a maxima; v obdobi vzrastajicej a vy-
sokej dinnosti je asymetria kladnd alebo menej
zdpornd ako v obdobi nizkej a klesajtcej ¢innosti.

Za to isté obdobie (roky 1950 aZ 1965) vysSetro-
vané stanice neddvaju rovnaky vysledok asy-
metrie: dve stanice, Skalnaté Pleso a Tokyo, maja
asymetriu kladna, a dve, Zirich a Uccle, asy-
metriu zdporntd. Ak vezmeme do tdvahy vysledky
i z inych stanic a dalSich autorov (pozri tabulku
XII), nemoZno hovorit s istotou o kladnej asy-
metrii existujicej na Slnku ako ddsledku nepriaz-
nivého vplyvu Zeme alebo ako vyvolanej pri¢inou
tkvejtiicou na Slnku, napriklad sklonom osi skvin.
Musi sa predpokladat, Ze su mozné i iné pridiny
vyvoldvajlce asymetriu.

Na pozorovaniach z jednej stanice sa dd Stu-
dovat vplyv meteorologického faktora. Materisl
zo Skalnatého Plesa ukdzal nasledovny vysledok:

1. V rokoch so zvySenym mnozZstvom zrizok
vyskytuje sa prevaine asymetria kladnd, s mnoz-
stvom pod priemer asymetria zdpornd.

2. Skupiny typov D, E a F, trvajice na viditel-
nej polovici Slnka najmenej 13 dni, vykazuji na
zépad od centrilneho merididnu viac vynechanych
dni pre nepriaznivé podasie ako na vychod. Stihlas
asymetrie vSetkych skupin s touto asymetriou
typov D, E a F je vysoky.

Tymito dvoma spésobmi povazujem vplyv me-
teorologického faktoru na vychodo-zépadni asy-
metriu za dostatoéne dokdzany.

Ak sa pozorovanie fotosféry systematicky za-
¢ina od vychodného okraja, zdpadnd polovica
je voli vychodnej v uréite] nevyhode, hlavne za
velmi vysckej slneénej é&innosti z nasledujicich
dbévodov: a) podas pozorovania sa moézu zhorsit
pozorovacie atmosferické podmienky, b) unava
pozorovatela, ¢) uspokojenie pozorovatela z vy-
sokého podétu skupin a $kvin moze viest k znizeniu
pozornosti na zdpadnom okraji. Pri nizkej aktivite
tieto javy nemusia vObec vystupovat.

V doplilovanom rade pozorovani, akym je mate-
ridl z Zurichu, meteorologicky faktor a chyby
pozorovatela z tnavy, resp. ,,uspokojenia‘ sa
nemdzu prejavovat v takej miere ako na samo-
statnej stanici, pretoZe niekolko stanic s niekol-
kymi pozorovatelmi navzdjom tieto chyby v dopl-
nenom rade vyluduju. ‘

Zépornt asymetriu ani na Skalnatom Plese v ur-
Citych obdobiach, ani v Ziirichu neméZeme hodno-
tit len ako ndhodny vyskyt z dvoch mozZnych
javov. I zdpornd asymetria musi byt teda nejakou
pri¢inou vyvoldvani. Domnievam sa, Ze zdpornd
asymetria moézZe byt vyvoldvand takzvanym psy-
chologickym faktorom: zdpadnd polovica slned-
ného disku je voéi vychodnej vo vyhode v tom,
Ze pozorovatel vie, kde md hladat zanikajicu
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alebo zapadajticu skupinu, zatial éo na vychodnej
polovici miesto vznikajicich a vychodiacich sku-
pin (vyjmic rekurenté skupiny) nie je zndme.

Nisledky tohto psychologického faktora, ktory
zvyhodiiuje zdpadnt polovicu disku, v dopliiova-
nom rade sa mdzu z jednotlivych stanic kumulo-
vat. Psychologicky faktor je i v obdobi nizkej
a klesajucej dinnosti Géinnejsi ako v obdobi vyso-
kej ¢innosti.

Meteorologicky i psychologicky faktor moZno
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vyladit fotografickou metédou za nasledujucich
podmienok:

1. Rad fotografii fotosféry je dopliiovany z nie-
kolkych stanic.

2. Fotografie sti vyhotovované len za dobrych
atmosferickych podmienok.

3. Platne vyhodnocuji dvaja pracovnici, a to
jeden od vychodného a druhy od zdpadného okraja
slnedéného disku.
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L MAUJYIAKOBA

BOCTOUHO-3AITAOHASA ACCUMMETPHIA COJHEUHBIX MATEH

IIpo6mema BOCTOUHO-3anafHOM aCCAMMETPUN AB-
JIeHAH CONHEYHOH aKTHBHOCTH IOKA 9TO HEe pemeHa
TOJHOCTBIO.

B macroameit crathe KoHCTATHPYeTCA BOCTOYHO-
3amajgHas acCHMMETPH HOATEH Y HEKOTODHIX CTaH-
Wi ¢ BE3YaIbHHIM HaOIIOeHHEeM ¥ BEICKA3EIBAIOTCH
HEKOTOPHIE BO3MOMKHBEIE NPHYMHBL, BHI3EIBAIOLINE
aCCHMMETDHI).

Mecsigaste otHOCUTeabHBEe dncia 3 CraJbHa-
toro Ilmeca B Tevennme 18 m 19 muxmOB 06HADYXKU-
BAIOT CHCTEMAaTHYECKH IIOJIOMKHATEIBHYIO0 acCHMMeT-
PHiO TOJIBKO B NEPMON BO3PACTAMMel M BHICOKOM
CONHEeYHOM aKTMBHOCTH. B mepmos ymMeHbImaomen-
¢t M HO3KOM AKTHBHOCTUM AaCCEMMETPHA OTpHIa-
reasHa. IIomoOHYI0 3aBHCHMOCTH aCCHMMETDHH OT
$azsl MuKIa 0OHADPYREUBAIOT M OPYTHEe CTAHIHAU:
B IepHOJi YMEHBIIAIOMeHcs 1 HABKOH aKTHBHOCTH
acCAMMeTpHA OTpHIlaTelbHa HJIH MEHee I[OJIOMH-
TeJIbHAA IO CPAaBHEHUIO ¢ IIEPHOJOM BO3paCTAHHA
¥ MaKCHMYMA; a B IepHOJl BO3PACTAIOINEeH# 1 BEICO-
KOIl aKTHBHOCTH aCCEMMETDHUA HOJIOKUTEIbHA MM
MeHee OTpHIIATeNbHA, UeM B IEpPUON HU3KOH H
YMeHBIIAOIENCcs aKTABHOCTH.

3a Tor sxe camsiir mepmop (1950—1956 romsr)
necaegyeMEle CTaHIMM He Jal0T OJMHAKOBHIX pe-
3yJBTATOB accmMmerpun: gBe cranmuu, CransHaTe
IIneco m Tokmo, MMEIOT MOIOHATEIBHYIO aCCHMMe-
1puto u nBe, liopux n YKKIe — OTpHIaTeNbHYIO
accmMmerpuio. Ecim B3sATh BOo BHUMaHue JaHHEBIE
OPYTUX CTaHOWHA ¥ MHEIX aBTOPOB (cM. Tabmmmy
12), TorRa HeIB3sl ¢ YBEPEHHOCTHIO TOBOPHTH O HO-
TOMMHUTEJIBHON aCCHMMeTDHN, CYIIecTBYOMed Ha
ComHre, Kak peayIbrare HeKelIaTelbHOr0 BINSHAA
3eMNN, MM KaK BHIBBAHHOH 0 NpWYHMHE, MOKOIO-
nieficss ga ConHme, HaIpUMep HAKJIOHOM OCH IATEH.

- Hamo -mpennosaraTs, 9to KOIKHEE OHTH I ApYyrHe

[NPAYUHE], BHIBEBAOIINE aCCHEMMETPHIO.

ITo mabmopeENAM OJHOM W3 CTAHOAA MOKHO
U3y4aTh BIMAHHE METEOPOJIOTHIECKOro (arropa.
W3 wmarepmanos Cransuaroro IIneca moHO cpe-
JaTh CIeQYIONUINe BEIBOJEL:

1. B rogsl ¢ yBeanYeHHBIM KOJIMIECTBOM OCANKOB
[IPEAMYIIECTBEHHO BCTpPeYaeTcs IOJIOMKATeTbHAS
aCCHMMETPHSA, U B TOJBL ¢ OCAJKAME HIKe cpefHeid
BeJIAYMHEI - ACCHMMETPHA OTpANaTeNbHad.

2. I'pyuns tnuos D, E n F, anameiica na Buan-
moit mostouue Conuma naumenee 13 guei, o6Hapy-
KMBAIOT Ha 3amajg oT IEHTPAJbHOTO MepHauaHa
fosbIDe IPONYMeH KX [Hel 13-3a 1II0XHX METeopo-
JOTHYECKHX YCJIOBHiA, uem Ha Boctoxe. CooTmer-
CTBAE aCCAMMETDHHU BceX HATEH ¢ aCCEMMeTpHei
tanoB D, E u F mocraroumo Toumoe.

Cauraw, 910 sTMME IBYMA cmoco0aMu BIMAHEE
MEeTeoPOJIOTHYECKOT0 (aKTopa Ha BOCTOYHO-3aNMAf-
HYI0 acCHMMETPHIO BIOJHE TOKA3aHO.

Ecan mabmogenne ¢dorocepsl cacTeMaTHIECKE
HAUMHAETCA OT BOCTOYHOTO Kpas, TOrja 3amagHas
DOJIOBAHA OTHOCHTEJBHO BOCTOYHON HAXOMMUTCH
B OIpefeJeHHOHN HEBHIOAe, 0CODEHHO LPH O0YeHb
BEICOKOH COJIHEYHONl AKTHBHOCTU MO CJETYIOMHM
opudmHAM: a) B TedeHme HaAOMIOAEHWI MOryT
VXYAIMATBCA aTMOCQEepHEIE VCJIOBHSA BHIAMOCTH;
6) ycramocth HabmiomaTess; B) YAOBIETBOpEHUE
gabmonarenss OOJBIOMM KOJIMYECTBOM CPYII W
IATeH MOKET NPHBECTH K CHIPKEHHIO BHAMATEh-
HOCTH Ha 3amafgoM Kpae. IIpn HE3®0# aKTHBHOCTH
IpHUBeJleHHBIE SBJIEHASI MOTYT BooOmie He II0-
ABIIATHCA.

B psapme momosHuTENBHHIX HAGIMOMEHMN, HAIpPH-
mep Matepuansl #3 I{iopmxa, MereopomormdecKmit
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dakTop m ommbKM HabiaOfaTeNA W3-3a YCTAJOCTH,
WA JKe ,,YCIOKOGHHOCTH' X He MOTYT HPOABIATHCA
B TAKO#l Mepe, KAK HA CAMOCTOATENILHOU CTAHIWH,
HOCKOJIBKY HECKOJIBKO CTAHOHHA € HECKOJIbKAMMU
HaOIofaTeNAMA B3aMMHO MCKIIIOYAIOT 3TH OMUOKHA
¢ YI6TOM [OMOJIHATEJIbHHIX JaHHBIX.
Orpumarensuyio accammerpuio Ho y CranbHa-
toro Ilmeca B ompepnenenusle mepmonsl, Hu y Ilio-
pUXa HeJB3A ONEHMBATH TOJBKO KaK clydaidHOe
LOABJEHNE W3 JBYX BO3MOMKHBIX ABJIEHUH, TO €CTh
OTpULATENIbHAA acCAMMETPUA JOJKHA OHTH HEKO-
T0pofl npmuuMHOX BHI3BaHA. Ilpemmomaraio, wuro
OTpUTATENIbHAA aCCHMMETPUA MOKeT OKITH BHI3BaHA
TaK Ha3HBaeMBIM ICHXOJIOTHYECKEM (aKTopoM:
3amajHas M0JIOBHHA COTHEYHOTO TUCKA OTHOCHTENIb-
HO BOCTOYHOM HAXOAATCSH B TOH BHITOfE, 4TO HA6IIO-
JaTeNb 3HAET, TJe MOJIKEeH MCKATh Yracalomyo UJjin
3aXOJfAMYIO TPYNNY, B TO BPeMs& KaK Ha BOCTOYHOH
[I0JIOBWHE MOJIOJKEHMe BO3HMKAKIMUX M BOCXOMA-

24

MAX Tpynn (3a HCKIYEHAeM PeKYPEeHTHHX IPYII)
Hem3BeCTHO.

PeaynpraTsl memXxoaornieckoro garrTopa, KorTo-
pHil craBET B Gosiee BHI'OMHOE IOJIOMKEHHe 3amaj-
HYI0 IOJIOBHHY [HUCKA, B JOIOJHHTEIBLHOM Dslie
Ha0IoaeHAA U3 OTHEIbHBIX CTAHIME MOTYT HAKOU-
aarees. [lemxomoruyeckinii fakTop B HepUO HASKO I
1 YMeHbINAKOMedcd aKTHBHOCTH cTaHOBUTCA Boee
OI[YTMMBEIM, YeM B IEPHON BHICOKOH aKTMBHOCTH.

Mereoposorndeckiii U HCHXOJNOTMYECKHH dak-
TOPH MOYKHO MCKII09aTh (PoTorpadmdecKuM Mero-
JOM TOpHE CJeAYIOIAX YCIOBUAX:

1. KommuectBo Qororpadmit dorocdepn pomOI-
HAETCS M3 HeCKOJIbRUX CTAHIMI;

2. ¢ororpadum menaroTcA TONBKO NPH XOPOIIMX
at™MocepHBIX YcCIIOBHAX;

3. CHEMKH  IIepeCMOTPHBAIOTCH  HE3aBHGCHMO
AByMA pabOTHMKaMd: OJHEM OT BOCTOYHOTO,
a JpPYraM OT 3aIafgHOrO0 Kpas COJHEYHOTO AUCKA.
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