1984BAl Cz. . 35.. 241D

Vol. 35 (1984), No. 4

241

DISTRIBUTION LAW OF INTEGRATED INTENSITY OF SOLAR OPTICAL FLARES
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3AKOH PACIIPEEJIEHVSI UHTEIPAJIBHON MHTEHCUBHOCTY COJIHEYHBIX
BCIIBINEK B OIITUYECKOM [MAITASOHE

Hccnenyercs pacnpeneieHre YaCTOTEH MOSIBJICHUS COJIHEYHBIX BCIBINEK B ONTHYECKOM AHANA30HE IO pas-

HbIM 3HAYECHHSIM HHTETPAIbHOM MHTEHCHBHOCTH. UWCIIO BCOBIMEK YMEHBINACTCH KaK 1(7)1'9 JUISL  BCIIBIIIEK

C HHTeTpalbHOY HHTEHCHBHOCTBIO I(;) GompImelf yem 2 equHMUbL. DTOT CTEHEHHON 3aKOH PacHpeNeneHHA
CDaBHHUBAETCS C 3aKOHAMHE YCTAHOBJIEHHBIMH ISl APYTAX BHIOB COJTHEYHOM AKTHBHOCTH.

The occurrence frequency distribution of solar optical flares in different values of integrated intensity has
been investigated. The number of flares diminishes as I('})l -9for flares with integrated intensity, I;y, greater
than 2 units. This power law distribution has been compared with that found in other kinds of solar activity.

1. Introduction

As the crux of devising an adequate instrumentation
for measuring directly the energy yield of a solar
flare process is still not resolved, several indirect
techniques have been invoked for estimating the energy
released due to such a pragmatic event in the solar
atmosphere. In estimating the energy of a flare,
several indices like ‘flare index’ (Sawyer, 1967) based
on the measured area of the flaring region at the time
of maximum brightness, luminosity and duration,
and ‘comprehensive flare index’ (Dodson and Hede-
man, 1977, 1975) based on the ionizing, Ha and radio
emissions of flares have been introduced. With these
devices in hand, it is conducive to establish an empi-
rical relationship, giving the distribution of energy
of solar flares. But so far as up-to-date literature is
concerned, no such relationship has yet been formulat-
ed. Hence, in the present paper an attempt is made
at obtaining an empirical relationship which connects
the occurrence frequency distribution of solar optical
flares with their integrated intensity values.

2. Results

Altogether 1438 data of Ha-flares have been taken
from the group reports appearing in the Solar Geo-
physical Data bulletins issued by NOAA, U.S. De-
partment of Commerce during the period from 1970
to 1977. The integrated intensities of these flares have
been calculated by means of the expression (Sawyer,
1967)

Iy = 7647,
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where A4, is the measured area of a solar flare in square
degrees.
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Fig. 1. Occurrence frequency distribution of integrated inten-
sities I;;) drawn for the flares appearing in the ranges of longi-
tudes 0—30°, 31—60° and 61—90°.
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The occurrences AN of solar flares in selected
ranges of integrated intensity Al;, have been found
in each of the ranges of longitudes 0—30°, 31—60°
and 61—90°. For these three longitude ranges separa-
tely, the values of log(AN/AI;)have been plotted
against log I ;, as shown in Fig. 1, where I;, repre-
sents the mid values of the corresponding ranges
of integrated intensity. It appears from the figure
that each of the lines can be fitted with the following
empirical relation:

For I ;) 2 25q. deg.?

AN _
~ I(i) 1.9 .

Al

The aforesaid procedure was repeated after grouping
the flares in the ranges of latitudes 0—12° and 13 —24°
in which most of the flares are found to lie. The results
displayed in Fig. 2 reveal that the same empirical
relationship as mentioned above is also followed
in this case.
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Fig. 2. Occurrence frequency distribution of integrated inten-
sities [;;, plotted for the flares appearing in the ranges of

latitudes0— 12° and 13— 24°.
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From the above considerations it is obvious that
the above relationship, giving the intensity distribu-
tion of solar flares, is independent of the positions
of the flares on the solar disk. However, there is an
apparent dependence of this distribution on the helio-
centric angles as it is evident from the vertical separa-
tion between the consecutive lines.

The above empirical relation has been compared
with the occurrence frequency distribution of areas
and also of durations of solar flares. This comparison
is required only to justify the significance of the results
obtained from Sawyer’s expression which takes into
consideration both of these two parameters in a com-
bined way. The distributions of areas, as well as of
durations of flares are shown in Fig. 3, the distribu-
tions being shown irrespective of the positions of the
flares on the solar disk. It appears from the figure
that for smaller values of the flare areas the frequency
distribution falls slowly with area, but for larger
values it drops sharply. As regards the frequency
distribution of duration it can be concluded that the
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Fig. 3. Occurrence frequency distributions of areas and of
durations of flares, plotted irrespective of the positions of the
flares on the solar disk,
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occurrence frequency is maximum for durations in
the range of 10— 20 min. and declines bothin the lower
and higher duration values.

3. Discussion

From the previous analyses it appears that the
distribution of neither the areas nor the durations
of solar flares obey any definite law, whereas, the
distribution of integrated intensities of solar flares
obeys a power law with an exponent nearly equal to 2.
This deviation of the distribution of areas and also
of durations from that of the integrated intensities
clearly indicates that the empirical relationship,
which expresses the distribution of flares in different
integrated intensity values, is a unique one.

In an earlier paper by Das and Das Gupta (1982)
a similar power law distribution with the same value
of exponent as derived above was seen to hold true
for the sunspot magnetic fluxes, the distribution

being of the form
i_l; ~ @710 (for® 23 x 10*! Maxwell),

where AN is the number of sunspots between @ and
@ + A®. Drake (1971) found the following power law
distribution of soft X-ray peak fluxes:

N — 82,5F—1.84:t0.02
14
for the peak flux range 2:0 £ F, < 100-0 milliergs
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(cm?sec)™!. The intensity distribution of microwave
bursts also follows the same type of relation:

2 LI

Al

where AN is the number of bursts in the intensity
interval AI, I the mean intensity expressed in units
of 10722wm~2Hz™ !, and x an arbitrary constant.
The values of x are 1-5 and 3 at 10 cm wavelengths
and 1-8 in the microwave range as found by Kundu
(1980) and by Kakinuma et al. (1969), respectively.
Rosner and Vaiana (1978) generalized the flaring
behaviour for a variety of cosmic transient sources —
the sun, flare stars and x-ray bursters which obey similar
law giving the frequency of occurrences as a function
of energy released.
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