DEVELOPMENT OF THE PROTON FLARE
AND THE ASSOCIATED HARD X-RAY EMISSION
OF NOVEMBER 5, 1970

F. FARNIK, P. KOTRC, L. KRIVSKY, and B. VALNICEK

Astronomical Institute of the Czechoslovak Academy of Sciences
Ondrejov Observatory, Czechoslovakia

Abstract: The positions of the two basic flare ribbons in the
H-alpha line were determined and their velocity development
was measured. This development was compared with the X-ray
emission, measured on the Intercosmos 4 satellite. From elabo-
rated experimental data it was deduced that the flare develops in
three phases: In the first and the shortest, both the ribbons are
receding from each other with a velocity of about 32 km/sec; in
this phase the hard X-ray emission quickly increases until it

1. Present Results of Investigating
the Proton Flare of Nov. 5,1970

A proton flare, connected with an emission of
cosmic rays, was generated in a complex of several
spot groups on Nov. 5, 1970; the commencement
of the flare, importance 3B, was at 03 07 UT,
maximum brightness in H-alpha was recorded at
03 29, and the end at 07 20, the mean position
being 13°S, 35°E. The development of this flare in
H-alpha was also published in the IASY Report on
Solar Phenomena 1970 — Tokyo (Moriyama,
1972).

The flare underwent a development typical for
similar flares: at the beginning of the rapid devel-
opment, the Y-phase occurred (the separation of
two ribbons), a perfect formation of the flare
“channel” with a transverse arc structure in the
emission and in the H-alpha absorption was al-
ready observed (Kfivsky, 1963, 1969, 1970). The
main release of energy and the acceleration of the
very fast particles occurred, according to present
investigations, at the time of the Y-phase, i. e.
between 03 17 and 03 22 UT (Kfivsky and Svest-
ka, 1966 ; Mathews and Lanzerotti, 1973 ; Ilenéik
and Kftivsky, 1973).

The investigated flare was a source of subcosmic
radiation, which was measured directly as a sharp
increase by the Venus 7 probe, and the flare was
also the source of emissions of plasma clouds, shock
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reaches its maximum. The second phase lasts longer and the
mutual velocity of the ribbons is about 14 km/sec; hard X-ray
flux begins to decrease. Finally, in the third phase the velocity is
about 5 km/sec. Similar phases are also found in the ribbon-

_width development. The beginning of the first splitting phase

was estimated to lie between 03 17 and 03 18 UT (Y-phase).
The time development of the X-ray emission and its spectrum
shape is amply discussed.

waves and magnetic discontinuities, which gener-
ated a number of disturbances and effects at the
Earth (Forbush’s decrease at Deep River with
a drop of 6%, and a magnetic storm with an SC at
0046 UT, Nov. 7, 1970); a comprehensive
analysis was presented by Vernov et al. (1972). The
beginning of the increase in cosmic radiation was
recorded by the Venus 7 probe at 04 43 +02 on
Nov. 5, 1970, and the commencement of PCA
effect was recorded at Kiruna (Sweden) at
04 45 UT (Westerlund, 1973).

The analysis of the X-emissions, observed by the
Intercosmos 4 satellite in connection with the flare,
and the deliberations on the characteristics of the
accelerated electrons are contained in the paper of
Livshits et al. (1972).

It was found that during a more expressive flare
there exists an impulsive, as well as a slow compo-
nent of the X-radiation (hv=210—20 keV) (Kane
and Anderson, 1970). The impulsive emission pre-
cedes the brightness maximum in H-alpha. If the
process, associated with the generation of a beam
of directional electrons with energies of several
tens of keV, develops at the beginning of the flare
development, mostly bremsstrahlung emissions oc-
cur when the electrons interact with the plasma
ions; this emission will be partly polarized (Kor-
chak, 1967; Mandelshtam, 1972). This was ob-
served with several flares already, including the
investigated proton flare Nov. 5, 1970. With this
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flare it was found that at the time of the initial
X-emission impulse in the hard intervals (around
0320 UT) the polarization was the highest
(P=0.26) and that it then gradually decreased ; the
plane of polarization was stable at first and only
displayed deviations in the latter phase of the flare
after 03 34 UT. The polarization maximum indi-
cates that the directional accelerated beams of
electrons last several minutes. Part of the acceler-
ated electrons would simultaneously generate
a microwave radio emission which is observed at
the same time. The process of impulsive nature
lasts 10—10>sec.

The second X-emission maximum and subse-
quently the decaying of the emission in the range of
several tens of keV is associated with the develop-
ment of a thermalizational electron process (10
sec) and with the cooling of the heated plasma
(3 x 10 min; Mandelshtam, 1972).

It cannot be excluded that the occurrence of the
impulsive periodical emission in the 90—200 MHz
range in the intervals 03 37—0339 and
03 44—03 47 UT (McLean et al., 1971 ; Palmer,
1972; Kai and Takayanagi, 1973) has a physical
relation to the synchronous occurrence of the fluc-
tuations of the plane of polarization: according to
Rosenberg (1970) and McLean et al. (1971) this
emission may be generated by synchroton electron
mechanisms in the coronal magnetic tube, where
modulations are generated due to constantly ex-
cited magnetohydrodynamic waves which prop-
agate from bottom to top, thus deforming, narrow-
ing and transversely oscillating the tube. The parti-
cles, in particular the electrons, captured in the
tube, would be accelerated periodically in the
region of deformations (instabilities). However, it
cannot be excluded that this complex of both
phenomenai is connected with the disintegration of
parts of the magnetic structures in the region of the
flare and above it, because the following relations
are remarkable : (a) the occurrence of two series of
radio pulsations after the maximum of the X-emis-

- sion (0.8 A) of the flare ; (b) the occurrence of radio
pulsations at the time when the angle of polariza-
tion (the angle between the polarization plane and
the first photon counter) displayed extraordinarily
large values with considerable fluctuations after an
interval of small variations and small angles. If this
connection is not exceptional (if it is observed with
other proton flares as well), it would have an
extraordinary significance. This polarization event
could be explained by the occurrence in the region
of the flare at this time of successive ejections of
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electrons in different directions due to the pertur-
bation (or decay) of a certain magnetic configura-
tion and to-a plasma state, originating after the
main initial instability, which could generate quasi-
regular radio pulsations at the corona level.

Kai and Takaynagi (1973) presented another
possible interpretation of the origin of the pulsating
emission on the basis of positional and polarization
measurements of the radio emission (including the
pulsations), relevant to the flare of Nov. 5, 1970:
the source of the continuous emission in the bottom
levels is obscured by an absorption arc structure of
a weak magnetic field, which periodically mod-
ulates the radio emission, radiated by the absorp-
tion, on being perturbed by very fast electrons,
ejected from below. )

The flare of Nov. 5, 1970 has already been
investigated from a number of aspects ; the present
paper concentrates on investigating the develop-
ment and dynamics of the flare itself in association
with the variations of the X-emission in the 40—60
and 60—100 keV ranges.

2. Development of the Flare
and Its Location in the Active Region

The Flare and the Active Region

The investigated flare was generated in a com-
plex of three spot groups (J, B, C) with relatively
small spots; the gioups were generated roughly
above one another in latitude (Solnechnye Dannye
11, 1970. Suppl. on magn. fields). It is interesting
that on Nov. 5, 1970, when the flare was generated,
the individual spot groups did not approach one
another (as is usual), but it can be seen that this
complex of spot groups constituted necessary con-
dition (cf. Fig. 2). Figure 2 represents the situation
of the photosphere and of the magnetic fields,
adopted from the publication mentioned and from
photographs of the Ussuriysk Observatory
(U.S.S.R.). The intensities of the magnetic fields of
the spots reached their highest values during this
revolution on Nov. 5, 1970, however, they did not
exceed 2,500 Gauss. The maximum values of the
S and N polarities were balanced again on this day
(Ktivsky and Ruazickova-Topolova, 1969). The
flare during its initial development has been in-
cluded into part of Figure 2a, and both the ob-
served splittings of the filaments (Y-phase) can be
seen. Figure 2b shows the flare at a later stage of
development, when the flare ‘“‘channel” had al-
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ready developed perfectly. It is interesting that the
development of these flares is always the same,
inspite of the spot configuration of the complex
being different during the occurrence of proton and
cosmic flares: the splitting of the two ribbons, the
formation of a transverse loop structure between
the two fundamental ribbons, the so-called flare
channel (Kfivsky, 1963, 1968).

It is probable that the conditioning factor for the
generation of proton flares is the magnetic config-
uration and the interaction of a number of an-
tagonistic systems of magnetic fields in a relatively
small and narrow space within the large interaction
of several spot groups (Kfivsky and Obridko,
1969).

Method of Computing the Distances
of Points on a Filtrogram

The proton flare of Nov. 5, 1970, with a view to
the types of motions which occurred in it, can be
classified as a so-called expanding flare (Svestka,
1962).

Although the two-hour development of the flare

031915
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in H-alpha is only demonstrated by five photo-
graphs in this paper (Fig. 1), they clearly show that
the ribbon structure of the flare formation was
preserved over the whole interval of its existence.
With a view to the relatively good consistence of
the individual flare ribbons, it was possible to
observe and measure the positions of the individual
selected parts of the flare. Special stress was put on
determining the velocities with which the ribbons
separated in the flare channel at the time after the
splitting (Y-phase) at points Y1 and Y3 (Fig. 2).
To facilitate the orientation in the flare forma-
tion we adopted the following annotations (Fig. 3):
the first, less mobile ribbon of the splitting Y1 is
marked A, the second (drifting) is marked B.
Ribbon B divided into two parts at point Y2, which
were marked in a similar way: the quasi-fixed Ba
and the drifting Bs. At three points of channel Y1
and two points of channel Y2 sections 1, 2, 3, 4 and
5 were selected, situated perpendicular to the axis
of the appropriate channel of the flare. In each
section a sequence of four points a, b, ¢ and d,
representing the intersections of the section with
the ribbons of the flare formation, was selected in

Fig. 1. A selection of 5 photographs, characterizing the development of the flare of Nov. 5, 1970 in H-alpha from Carnarvon Station.
The flare is negative.
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the direction from the quasi-fixed ribbon to the
drifting ribbon. The line segment ab then rep-
resented the projection of the width of the quasi-

2 S
0319

®

The flare occurred in a region located 35°E from
the CM and 13°S from the solar equator. The
heliographic latitude of the centre of the solar disk

Fig. 2. The proton flare of Nov. 5, 1970 at the time of the flash phase (a) and at the time of the late phase (b). The situation of the

photosphere and magnetic intensity of the spots was adopted from Solnechnye Dannye, 11, 1970 (Suppl. on magn. fields) and from the

Ussuriysk Observatory. The flare with the brighter field in H-alpha was drawn just after the Y-phase (03 19 UT) and at the time of the

full development of the flare ‘“channel” (04 08 UT), when transverse couplings betwen ribbons A and B in the emission could be

observed in the centre of the channel. Figure 2a gives the intensities and polarities of the magnetic fields of the spots and the positions of

the splittings, i.e. the Y-phase (Y1 is the main splitting, Y2 the subsidiary splitting). In Figure 2b the main ribbons A and B are marked as
well as the position of the spot groups (Sg).

fixed ribbon, and the line segment cd the projection
of the width of the drifting ribbon of the appro-
priate section. The distance between the centres of

03 24

Fig. 3. In the situation of the protonflare at 03 24 UT onNowv. 5,
1970 three sections (1, 2, 3) are marked, in which the width of
the main channel of the flare and the widths of ribbons A and
B were measured, as well as the subsidiary splitting of ribbon
B into Ba and Bs in sections 4 and 5. The measured positions in
each section are marked in sequence a, b, ¢ and d. The flare is
limited by the full line, the field by the dashed line and also the
spots are shown.

the line segments ab and cd determined the projec-
tion of the width of the flare channel in the indi-
vidual sections.

134

on Nov. 5, 1970 was +4°. Thus, the flare was
located at a distance of 39° from the centre of the
solar disk to the south-east. The investigation of the
formation in the plane of the filtrogram would
include a certain amount of distortion, which can be
eliminated.

In order to obtain the projections of all measured
distances onto a spherical surface, approximating
the surface of the Sun, we adopted the following
procedure. In the plane of the filtrogram film we
chose an arbitrary Cartesian system of coordinates.
Using the least-squares method, the coordinates of
the centre of the solar disk were determined from
the position of six points at the limb of the solar
disk. The reactangular coordinates of any investi-
gated point can be transformed to polar with
respect to the determined centre of the disk. It is
now easy to change to relative heliographic coordi-
nates (Waldmeier, 1941). The heliographic rela-
tive coordinates of two points on the solar disk,
determined in this manner, together with the radius
of the Sun define the length of the arc, connecting
both points. From the above written it can be seen
that we will be referring to projections of distances
(or velocities) onto the spherical surface, approx-
imating the solar surface, when we shall speak of
distances and of the velocities derived from these.
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On the whole 57 photographs of the solar disk in
H-alpha from the interval 032038 to
05 21 03 UT were processed by an Ascorecord and
the data were processed by a Minsk 22 computer.

If the diameter of the solar disk on the filtrogram
amounted to 16 mm, the Ascorecord accuracy used
of 107> mm yields 865 km in the tangential plane at
the centre of the solar disk. However, the practical
accuracy of the measurements was affected par-
ticularly by the possibility of subsequent identifica-
tion of the given point of the section through the
flare formation, the image of which was not very
sharp as a result of the diffusive substance of the
flare ribbons and a small resolution of the tele-
scope. The real mean error of one measurement
will be approximately 4 times as much, i.e. about
3.5%x 10’ km.

Development of the Flare
(Width of the Flare Channel)

The computed lengths of the arcs, representing
the width of the flare channel and the widths of the
ribbons in the individual sections, were plotted as
a function of time in the graph, three time intervals
displaying good possibility of linear approximation.
The changes in the individual trends occurred over
comparatively short intervals of time, of the order
of minutes. A certain velocity of receeding of the
flare ribbons corresponds to each trend. The least-
squares method was used to fit the individual trend
with lines, the slopes of which determine the ap-
propriate velocities. Table 1 gives the velocities at
which the ribbons receeded in the given section and
in the corresponding time intervals, calculated for
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Fig. 4. Curve a represents the mean width of channel Y in section M ; b and c the distance of the ribbons of the subsidiary splitting Y2 in
sections 5 and 4, and d and e the measured width of ribbons A and B in channel Y1, averaged over sections 1, 2 and 3. Curve { gives the
time variation of the X-emission flux in the 40—60 keV range, and g the same for the 60—100 keV range.
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the individual trends. The line, marked as section
M, gives the velocity with which the mean distance
of the flare ribbons changes at point Y1, averaged
over sections 1, 2 and 3 at each time. The velocities
are given in km/sec.

Table 1
Time interval 03 20 38 032951 035358
to to to
Section 03 28 54 03 53 06 052103
1 333 114 3.8%
2 329 16.5 5.8
3 315 13.6 4.7
M 324 13.7 53
4 63.3** — —
5 30.9** — —

* Only until 04 36 19 UT.
** Only until 03 25 47 UT.

Since the individual curves did not differ too
much mutually, only a graph for section M is
presented (Fig. 4a). Curves b and c in the same
figure represent the measured width of the sub-
sidiary splitting Y2 in sections 4 and 5. Figure 4a
shows that during the first seven minutes after the
splitting channel Y: widened at a rate of 32.4
km/sec; a slower trend of 13.6 km/sec followed
and lasted for about 23 min, and finally the last and
slowest trend which lasted about 85 min until the
motions of the ribbons ceased, corresponds to
a rate of 5.3 km/sec. The maximum width of the Y1
channel amounted to 65,000 km.

Similar initial rate trends of the widening of the
flare channel were observed with the proton flare
of Sept. 26, 1963. They amounted to 35 and 11
km/sec (Kfivsky, 1969).

The fastest receeding of the ribbons occurred
with the subsidiary splitting in Y2, where a rate of
30.9 km/sec was observed in section 5 and even
63.3 km/sec in section 4 (cf. Tab. 1 and Figs 4b, c).

Development of the Widths
of the Flare Emission Ribbons

Figures 4d and e show the increase in the mean
thickness of ribbons A and B, averaged over sec-
tions 1, 2 and 3. The thickness of the ribbons also
displays three phases, corresponding approximate-
ly in time to various trends in the increase of
distance of the ribbons in region Y1. During the first
phase the widths of the ribbons A and B changed
roughly identically betwen 7 X 10° and 2 X 10* km.
During the second phase the widths of the ribbons
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fluctuated, however, on the average they did not
change much ; with ribbon A it amounted to about
17,000 km and with ribbon B to about 23,000 km.
After 04 03 UT a permanent slow decrease in the
ribbon width set in, and lasted until the observa-
tions of the flare were terminated.

It is remarkable that the occurrence and duration
of the three rate trends of the widening of the
channel and of the three trends in the change of the
widths of the emission ribbons in H-alpha are in
agreement. This agreement indicates the existence
of three main physical processes (cf. item 7 of the
conclusions). The maximum length which ribbons
A and B attained was 120,000 km.

3. The Flare X-emission

The results of the measurements of the X-emis-
sion during the flare were obtained by means of an
X-ray photometer, located on the Intercosmos 4
satellite. The instrument was equipped with three
detectors, the data of which were monitored via 7
channels, covering the energy range of 1—100
keV. The scintillation detector measured over the
following ranges: Channel 1, 5—10 keV, Channel
2,10—20keV, Channel 3,20—40keV, Channel 4,
40—60 keV, Channel 5,60—100keV. The gas-fil-
led proportional counter recorded the integral flux
in the range 1—15 keV. With a view to the changes
of HV during the flight, the data from this detector
cannot be reduced and evaluated with sufficient
accuracy. The semi-conductor Si-detector was used
for a check of the charged particle recording and
defined the passage over the South American
anomaly.

The values of the flux in the individual energy
channels weére telemetered in analogue form. The
time resolution of the measurements is about 30
sec. A detailed description of the apparatus, its
calibration and the processing of the data is given in
Valnicek et al. (1973).

Figures 4f and g show the X-emission flux in
Channel 4 (40—60 keV) and Channel 5 (60—100
keV). Evident increases occurred at 03 09 UT
(Channel 4) and 03 16 UT (Channel 5). However,
one cannot exclude a slight increase in flux several
minutes earlier, because of the relatively high
background noise and fluctuations in these chan-
nels. The softer energies already display an in-
crease at 03 03 UT (Channel 1) and the first max-
imum at 03 12, which can be clearly distinguished
in Channels 1 to 4. At 03 21 UT the flux reached
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a value which exceeded the scale in Channels 1 and
3, and Channel 2 became oversaturated at
03 24 UT. The softer channel data is not published
here, because it was published in Livshits et al.
(1972). .

The results in Figure 4 are only approximately
reduced for the efficiency of the detector to 1 cm® of
the area of the window and to unit width of the
energy channel (1keV). The approximate shape of
the spectrum just prior to the flare and just prior to
the maximum was obtained from the data, mod-
ified in this manner (Fig. 5).
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Fig. 5. Time variation of the spectrum of X-radiation during
the initial phase of the flare.

4. Conclusions

1. The investigated proton flare displayed the
usual typical development, the formation of the
flare channel and the transverse structure ; the flare
was generated in the region of several adjacent spot
groups without their close interaction.

2. The development of the width of the channel
of the flare displays three phases in H-alpha: I —
the shortest trend in the rate of splitting of the flare
ribbons about 32 km/sec, II — a slightly longer
interval with a rate of about 14 km/sec, and finally
III — the longest interval with rates of about 5
km/sec. The subsidiary splitting at the edge of flare
ribbon B displayed a higher rate of about 60
km/sec.

3. The same three phases, identical with the time
intervals of the rate trends mentioned, were dis-
played by the thicknesses of the two main flare
ribbons, bounding the ‘“channel”: I — the thick-
ness of the emission filaments increased at first,
II — the thickness was roughly constant with
fluctuations, IIl — the thickness gradually de-
creased. ) '

4. The beginning of the phase of rapid splitting of
the ribbons, which is denoted as the Y-phase, is
apparently associated with the development of the
main instability and the acceleration of particles,
was determined at 03 17 — 03 18 UT, and the
second, subsidiary splitting at 03 21 — 03 22 UT.

5. The ranges of the very hard X-emission
(40—60 and 60—100 keV), recorded by the Inter-
cosmos 4 satellite, display two maxima: the first,

) and lower one, at about 03 19 UT, and the second
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and main at about 03 25 UT. The first maximum is
roughly identical with the occurrence of the X-
emission polarization maximum (Tindi et al.,
1972). This time relation could indicate that the
first hard X-emission maximum is mostly of brems-
strahlung origin, caused by directional anisotropic
beams of accelerated particles.

6. A spectrum corresponding to several mo-
ments of the initial phase of the flare was con-
structed and used to derive that the contribution of
the non-thermal radiations, which occur at energies
of over 15 keV, increases gradually with the time
development in the investigated initial interval,
which agrees with the present findings.

7. One may consider as an important finding that
the duration of the initial phase (I) of the rapid
widening of the channel (after the Y-phase), as well
as the increase in the thickness of the ribbons in
H-alpha, agrees with the occurrence and duration
of the increase in the X-emission of the very hard
channels (40—60 and 60—100 keV), from the
beginning of the flare to their main maxima. One
may assume that the dynamics of the flare in
H-alpha also reflects the main phases of the physi-
cal processes, which develop in the whole region of -

-the flares. The interval of this first phase would

indicate the duration of the main physical process
of the development of the instability and energy
release. Phase Il would characterize another phase
of the physical process, during which energy is also
released, however, as a result of the initial violent
process, which has already ceased to be active.
Phase III represents the decaying of the process in
the chromosphere and lower corona and complete
attentuation.

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



Acknowledgements

The authors would like to thank their colleagues
at the Carnarvon Station for supplying the photo-
graphs of the flare, Dr. V. F. Tchistyakov (Us-
suriysk) for the data.on the magnetic field and for

photographs of the photosphere, and Dr. V. Letfus
and M. Machacek for their valuable comments.
They are also indebted to Mrs. J. Sudova for her
help in processing the X-emission data and to Mrs.
M. Novékova and Mr. T. Vanék for their help with
their technical processing.

References

ILENCIK, J. and KRIVSKY, L. (1973): Bull. Astron. Inst.
Czech., 24, 100.

KAIL K. and TAKAYANAG]I, A. (1973): Solar Phys., 29,
461.

KANE, S. R. and ANDERSON, K. A. (1970): App.J., 162,
1003.

KORCHAK, A. A. (1967): Doklady AN USSR, 173, 291.

KRIVSKY, L. (1963): Bull. Astron. Inst. Czech., 14, 77.

.KRIVSKY, L. (1968): In: K. O. Kiepenheuer (Ed.), Struc-
ture and Development of Solar Active Regions, p. 465. IAU
Symp., No. 35, 1967, Dordrecht-Holland.

KRIVSKY, L. (1969): Bull. Astron. Inst. Czech., 20, 139.

KRIVSKY, L. (1970): Bull. Astron. Inst. Czech., 21, 67.

KRIVSKY, L. and OBRIDKO, V. (1969): Solar Phys., 6,
413.

KRIVSKY, L. and RUZICKOVA-TOPOLOVA, B.
(1969): Bull. Astron. Inst. Czech., 20, 145.

LIVSCHITZ, M. A.,, BANIN, V. G., VALNICEK, B,
GUSAROYV, Yu. M,, IVANOV, E. V.; KOROBOVA, Z.B.,
NEFEDEYV, V. P,, SLONIM, Yu. M,, and TCHISTYAKOV,
V.F. (1972): Solnechno-zemnaya fizika, Vol. 3, p. 17. Moscow,
IZMIRAN.

MANDELSCHTAM, S.L.(1972): Acta Phys. Acad. Hung.,
32, 307.

MATHEWS, T. and LANZEROTTI, L. J. (1973): Nature,
241, 335.

McLEAN, D.J.,SHERIDAN, K. V,,STEWART,R.T.,and
WILD, J. P. (1971): Nature, 234, 140.

MORIYAMA, F. (1972): IASY Rep. on Solar Phenomena
— Tokyo Astr. Obs., p. 51.

PALMER, [. D. (1972): private communication.

ROSENBERG, H. (1970): Astron. Astrophys., 9, 159.

SVESTKA, Z. (1962): Bull. Astron. Inst. Czech., 13, 190.

SVESTKA, Z. (1966): Space Sci. Rev., 5, 388.

Solnechnye Dannye (Suppl. on magn. fields), 1970.

TINDO, I. P.,,IVANOV, V. D.,, MANDELSCHTAM, S.L.,
and SHURIGHIN, A. 1. (1972): Solar Phys., 24, 429.

VALNICEK, B., FARNIKF,, HORN, J., LETFUS, V.,
SUDOVA, J., KOMAREK, B., ENGELTHALER, P., UL-
RYCH, J., MOUCKA, L., FRONKA, O., VASEK, T., BE-
RANEK, J., PLCH, J., and ZDERADICKA, J. (1973): Bull.
Astron. Inst. Czech., 24.

VERNOV, S. N,, KONTOR, N. N,, LYUBIMOV, G. P,

.PERESLEGINA, N. V., and CHUCHKOV, E. A. (1972):

Space Research XII (COSPAR 1971). Bowhill et al. (Eds.).
Berlin p. 1535.

WALDMEIER, M. (1941): Ergebnisse und Probleme der
Sonnenforschung. Akademische Verlagsgesellschaft, Leipzig,
p. 35.

WESTERLUND, S. (1973): List of PCA-Events, No. 6.

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



