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Abstract. The study of cometary brightness variations can be a good method for determining 
conditions in interplanetary space. In this work we compare the light curves of comets with curves 
showing variations in the geomagnetic field at times when the comets are near the ecliptic plane. 
We have used photometric observations made of 29 comets between 1881 and 1937. It is shown 
that an increase in the brightness of a comet is associated with an increase in the geomagnetic 
activity index and consequently with the influence of the solar corpuscular streams and solar 
wind. 

It is well known that short-term variations take place in the integral brightness of 
comets. These variations are also known to be associated with solar activity. The 
investigation of cometary brightness variations has been described in detail by 
Vsekhsvyatskij (1958, 1966) and DobrovoPskij (1966), but the processes causing 
cometary outbursts and brightness variations, and the role of the solar wind and 
corpuscular radiation, as well as photon solar radiation, are still open for discussion. 

This study is an attempt to evaluate the influence of the corpuscular radiation of 
the Sun on the outbursts observed in the integral brightness of comets. It is known 
that the disturbances in the magnetic field of the Earth are generally connected with 
the corpuscular activity of the Sun. The presence or absence of a correlation between 
the Earth's magnetic activity index and cometary outbursts will also give an un
ambiguous answer as to the influence of solar corpuscular radiation upon variations 
in cometary brightness. To solve the problem we made use of the series of photometric 
observations of comets listed by Bobrovnikoff(1942), who gave photometric data for 
a number of comets observed between 1858 and 1937. 

The comparison of cometary activity with the geomagnetic activity index was 
carried out with allowance made for the geometric position of the comet with refer
ence to the ecliptic plane. For each comet the times of nodal passage, the ecliptic 
latitudes and longitudes during the period of observation and a number of other 
geometric parameters were computed. The cometary light curves were compared 
with the geomagnetic activity index, due regard being given to the different ecliptic 
longitudes of the comets and the Earth. Thus, the moment of each observed cometary 
outburst was correlated with the geomagnetic field index corresponding to the date 
for which the same area of the solar surface was visible both from the Earth and the 
comet. The daily shift in ecliptic longitude was calculated as described by Demenko 
(1971). 

The analysis shows that there is a high correlation between the two processes, 
especially when the comets were observed near the ecliptic plane. This can easily 
be seen from the curves shown in Figure 1. The continuous line shows the inter-
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Fig. la-j. Correlation of geomagnetic disturbances (solid lines) with brightness variations 
(broken lines) for ten comets. 

national geomagnetic index, since 1890 from Chapman and Bartels (1940) and before 
then from Zosimovich and Andrienko (1971); the broken line shows the cometary 
magnitudes, based on Bobrovnikoff's raw data. 

The correlation coefficients r and the probability 0.68 and 0.90 confidence intervals 
for these coefficients, defined as by Shchigolev (1969) and Zajdel' (1968), are given 
in Table I for the various comets studied. The results show that there is a high cor
relation (r = 0.8 to 0.9) when the comets were observed near the ecliptic plane and a 
decrease in correlation with increasing ecliptic latitude. Figure 2 shows the depen
dence of the correlation coefficients on ecliptic latitude, the points being obtained 
by averaging the coefficients in 5° latitude steps. 
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Fig. 2. Dependence of the correlation coefficients r on ecliptic latitude (± b). 

The correlation of cometary flares with the geomagnetic activity index varies in 
different parts of the 11-year solar activity cycle. Figure 3 shows the dependence of 

0.8 

0.4 

i 

1.0 <P 0.2 0.6 
Fig. 3. Variation of the correlation coefficients r during the solar cycle. 

the correlation coefficients on the phase of the solar cycle at times when the comets 
were close to the ecliptic plane. It is clear that the greatest value of r occurs when 
solar activity is decreasing, and the smallest value falls near solar maximum. This is 
in good agreement with the hypothesis that the corpuscular streams are most stable 
when solar activity is decreasing (Zosimovich, 1965). From analysis of the relation 
between cometary outbursts and disturbances in the geomagnetic field one can arrive 
at the following conclusions: 

(1) Outbursts and variations in integral cometary brightness are closely connected 
with the solar corpuscular radiation. Cometary activity and changes in the magnetic 
field should be compared with due regard to the geometric position of the comet. 
The best results are achieved when a comet is observed at small ecliptic latitudes, 
because the comet and the Earth are influenced by the same corpuscular structures 
of the solar corona. 

(2) From the correlation coefficients obtained, one can evaluate the angular dimen
sions of the solar corpuscular streams. From Figure 2 and Table I it follows that the 
smallest value of r for which the correlation may be considered substantial is 0.35. 
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This brings us to the conclusion that the half-angle of the cone for the latitude dis
persion of the corpuscular streams may approach 40°. 

(3) It follows from Figure 3 that study of the interaction between the interplanetary 
plasma and cometary material gives evidence for the stability of the solar corpuscular 
streams. Despite the fact that the difference in the times of corpuscular interaction 
between the Earth and a comet may approach two weeks, the correlation coefficients 
remain rather high. It gives independent proof of the result obtained earlier (Zosimo-
vich, 1965), where the problem of the stability of the streams was investigated by 
means of geomagnetic data. 

(4) Thus, the investigation of cometary brightness variations seems to be very 
important in connection with the problem of determination both of the geometrical 
characteristics of the solar corpuscular radiation and of the physical parameters of 
the solar wind and corpuscular streams at points distant from the Sun and at helio-
graphic latitudes too high for direct measurements to be possible. 

(5) The correlation of geomagnetic disturbances with cometary outbursts is best 
at small heliocentric distances (see Figure 4). The correlation practically vanishes at 

r 

0.8 
0.6 

0.4 
0.2 

06 08 10 12 U 16 18 20 **** 

Fig. 4. Dependence of the correlation coefficients r on heliocentric distance (r©). 

distances exceeding 1.3 AU. This may be explained by the dissociation of corpuscular 
streams at greater distances from the Sun, where the structure of corpuscular streams 
seems to change. 
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