


































































































Observations of the Satellite - Type Sunspot Complex Region
“of 26 April - 3 May, 1976 at Mt. Sayan Observatory

by

V.V. Kasinskii, V.I. Polyakov, V.G. Zandanov
Siberian Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation of the Academy of Sciences,

Siberian Division, Irkutsk, USSR

At the Mt. Sayan Observatory of the SibIZMIR, using the solar optical and radic astronomy equipment,
daily observations of the McMath region 14179 (N24 according to Solar Data bulletin, USSR) were per-

formed during the active period 26 April - 3 May 1976.

The following data on solar activity have been obtained:

1) The visual magnetic field strength measurements at the separate sunspot points

2) Large-scale (the sun disk diameters of about 550 mm) drawings of sunspot configuration

3) Selected Ho pictures of the region (AN = = 0,5&, A=

+ 0,5A)
4}  The radio microbursts at the wavelength of 3.5 cm

Figure 1 represents the drawings of the complex McMath Region No. 14179 with magnetic field strength

measurements in the separate sunspots added.

in Figure 2 three successive phases of development of the region

in Ho are given.

The summary data of the radio events in the region are presented in Table 1.
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Fig. 1. The top half of the figure shows the development of the unipolar spot

and its satellite group; the dashed line represents the satellite area
in millionths of the solar hemipshere (m.h.). Magnetic field strengths -
are given in units of 100 gauss. The nuclear components of the spot
area (S,) are presented below.
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The main picture of general development of the region is given in Figure 1. The preliminary results
of detajled area development together with analysis of supplementary information {Figure 2, Table 1) lead
us to the following conclusions:

The McMath region 14179 represents an interacting complex of two neighboring sunspot groups, one of
which was unipolar and stable, the other one a typical satellite group with a rapid development [Kasinskii,
1972]. The first appearance of this satellite was recorded at 0017 UT, 28 April in the form of two small
bipolar spots (Figure 1). Because the flare took place on 30 April (2130 UT? the role of satellite spot
groups as flare precursors gains support [Kasinskii, 1973]. ~

During the first three days, 27-29 April, when the satellite's area in millionths of solar hemisphere
(28 m.s.h.) remained Tower than that of unipolar component (160 m.s.h.), the latter was stable in area
and in magnetic field strength (H = 2600 gauss). Between 29-30 April, the process of interaction of the
two components began. A decrease of 60 m.s.h. in the area S of the unipolar component and a sharp increase
of 160 m.s.h. in the satellite area occurred. The rate of change of the area (dS/dt) was -3 m.s.h. per
hour and +8 m.s.h. per hour, respectively. Therefore, the rate of satellite area growth was 8/3 times
higher than the decay rate of the unipolar spot. Taking into account the further growth of the satellite
spot group on 1 May (dS/dt = 2.5 m.s.h./h), we concluded that after 0448 UT on 29 April a strong emergence
of new magnetic flux occurred. According to Rust's [1974] observations, this seems to be the necessary
condition for a flare.

According to the hypothesis proposed by Kasinskii and Krat [1973], the rapid development of a new-
born magnetic feature should lead to the generation of a disturbance--one which may adopt the form of tsunami
waves in the vicinity of the active complex. As a result of dissipation of the hydraulic energy of this
wave, a flare process may occur as suggested by Kasinskii [1967]. 1In analyzing the phenomena: “new
magnetic flux emergence- subsequent flare", we proceed from the phenomenological hypothesis: the Targer
the newborn magnetic flux in an active complex, the more probable the appearance of a strong disturbance
and flare therein. This hypothesis necessarily has a probable character because a chain of processes in-
fluencing each other Ties between the new satellite appearance and the flare itself as the final state.

Note in Figure 1 that the new magnetic field eruption occurs on the background of diminishing
(Figure 1) or sinking of the old field (unipolar sunspot). After the end of the process of interaction,
‘the area of the unipolar component returns nearly to its previous value: S$(2 May) & 0.968 $(28 April).
This is an indication of the partly elastic character of the interaction.

In connection with the flare generation in McMath 14179 we noted that the compactness index of the
unipolar component equaled 1.0, while that of the satellite group was 0.7 - 0.8 [Kasinskii et al., 1976].

Chromosphere (Ha)

The observations were made on the large solar coronograph (F = 7 m, sun disk diameter of about 130 mm)
using the Hale Ho-filter. Satisfactory pictures were made for three times: 0806 UT on 27 April, 0320 UT 28
April and 1045 UT on 29 April, capturing three different development stages of the active region (Figure 2).
In Figure 2a radial filaments are visible near the unipolar spot which manifests the open and stable magnetic
structure. On 28 April the radial filaments disappear; to the west of the spot a new broad filament occurs;
and the brightness of the flocculi increases. At 1045 UT on 29 April the magnetic field emergence into the
chromosphere is completed, and both the satellite spot group and the large flocculi, which are three times
larger in area than the unipolar sunspot, become visible.

Radio Bursts in the 3.5 cm Bandwidth

On the small baseline radio interferometer of the SibIZMIR the daily observations of the local radio
sources were measured for 28 and 29 April. For a detailed description of the instrument see Zandanov and
Treskov [1973]. This instrument registers only the flux from the local sources from the Sun by excluding

the full solar flux., The visibility function of an extended source in the case of a two-antenna inter-
ferometer:

F (d,W) = J]_ (k,d,W)

k d (w/2)
where k = 2n/X = the wave number
d = the base length,
A = wavelength,
J1 = the Bessel function of the first order
w = the angular dimension of the Sun.

The results of the observations of the radio bursts are summarized in Table 1.
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The regular interval of the observations in each day is from 0100 to 0900 UT. The real nature of the
microbursts listed in Table 1 is not well understood. These bursts may be related to some instability
conditions in the chromosphere over the active region. According to Solar-Geophysical Data [1976], from
0813 to 0847 UT and from 0835 to 0843 UT on 29 April subflares were recorded and from 0825 to 0910 UT
impulsive bursts of Type I were observed.

The main parameters of the interferometer are listed below.

a) bandwidth; wavelength 8750 MHz; X = 3.5 cm -
b) Tlength of the base d =136 A )
c) antenna temperature with one mirror T = 2500 K
d) fluctuation sensitivity with the
time constant t = 1 s AT =1 K
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24 Flares Recorded Between 25 March 1976 and 1 May 1976 in
Manila Observatory Region No. 162 (McMath 14143 and 14149 or SESC 690 and 700)

by

Alfredo Tejones and Francis Heyden, S.dJ.
Manila Observatory
Republic of the Philippines

DATE FLARE START/STOP POSITION AREA IMP At Al
1976 # (uT) (hours) (hours)
Mar. 25 01 0614/0619 S08 E78 0.30 Sn 0.08 ————
02 0704/0714 S05 E76 0.41 St 0.12 0.75
03 2310/2318 S07 E67 0.41 St 0.13 ———=
26 04 0001/0011 S05 E64 0.30 Sf 0.17 0.72
05 071570720 S08 E59 0.21 St 0.21 7.07
06 0721/0735 S06 E64 1.01 Sb 0.24 0.02
07 0833/0858 S08 E58 0.30 St 0.42 0.96
08 2300/2311 S07 E51 0.82 Sf 0.18 ———u*
27 09 0201/0213 S08 EbL8 0.82 Sn 0.20 2.84
10 0318/0333 S07 E48 1.01 Sn 0.25 1.08
11 0518/0526 S07 E56 0.82 St 0.13 1.75
12 0550/0610 S10 E48 0.21 St 0.34 0.49
13 0628/0640 S08 E62 0.62 Sn 0.21 0.29
14 0726/0730 S06 E53 0.82 ST 0.07 0.76
15 2333/2339 S10 E42 0.82 St 0.10 ———
) 16 2353/0000 S08 E43 0.52 ST 0.12 0.23
28 17 055570608 S07 E34 1.24 Sh 0.24 5.92
29 18 0523/0524 S07 E19 0.82 Sn 0.02 K
30 19 0531/0539 S07 EO6 0.62 St 0.13 ———n¥
31 20 0156/0207 S09 EO2 0.41 Sf 0.19 ———k
Apr. 30 21 0424/0429 S11 W04 0.52 St 0.08 —mk
22 0605/0607 S08 W40 0.62 Sn 0.01 2.28
23 2205/2235 S09 W49 1.13 Sn 0.51 —————k
May 01 24 2155/2210 S08 W6l 0.92 Sn 0.25 ———-F

NOTES: AREA is in square degrees of hemisphere.
Al = interval between recurrences of flares.
* = observation made Tocally on following day.
Observations on 29, 30 and 31 March were based on visual data because of camera failure.
Data for 28, 29, 30 and 31 March were sporadic because of intermittent clouds.
The same was true for the return of Region 162 on 30 April.

The radio frequency data for the 24 flares listed in the table above is not significant. The At
(duration of the flare) is quite close to the time predicted by the importance the observers assigned,
but the interval, AI, between successive flares in the same region has no significance. This is par-
tially but not necessarily due to passing clouds, except at the end of April.

Photographic prints of the 16 flares that were easily visible on 35 mm film taken through an H-alpha
filter are available from the WDC-A for Solar-Terrestrial Physics. Unfortunately, prints could not be
made of each of the 24 flares because of faintness, haze and instrumental problems. The following pages
contain the daily spectroheliograms taken in H-alpha and in the K Tine of ionized calcium. None of these
prints shows a flare, but they do present a detailed picture of the region on the Sun in which the flare

activity took place. Moreoever, they illustrate the quality of the observations we are making available
to the scientific community.
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SPECTROHELIOGRAM OF CALCIUM II (K)
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SPECTROHELIOGRAM OF HYDROGEN (H-Alpha)
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Energy Content of Flares in McMath Regions 14143 and 14179 {March 1976)

by

Eva Markovd
Observatory Upice
542 32 Czechoslovakia

Rising activity occurred in McMath Region 14143 (14179) before solar minimum appeared. This
region developed into a large magnetically complex group and produced several energetic events. At
Upice Observatory the first subflare beginning before 1022 UT at NO3 W33 was observed in the region
on 21 March 1976; an importance 1B flare was observed on the same day before 0917 UT at a S09 F90
position. On 27 March a IN flare at S17 E48 occurred, and still in the same region, a fourth flare was
observed on 31 March, beginning at 1140 UT and ending at 1545 UT. At Upice this last event was ob-
served only after 1400 UT.

Preliminary Calculation of the Amount of the Energy in Ho Flares

After Obashev [1968] the energy in Ha is directly proportional to the total flare duration and may
be expressed in the following form:

2.5

23
E o - 2.5x10 a UT ergs,

H

where U is the energy radiated from the region of the flare per unit volume and unit time in Ho; T is the
flare duration time in seconds; and o is the transformation coefficient which lies in the range 0.75 <

o < 1. When the mean energy U = 0.02 ergs/cm® s and o = 0.8, the energy radiated in Ha emission may be
expressed as

2.5

21
E, =4x10 T
o

H

Table 1 introduces the energies radiated in Ho emission from several flares in McMath Regions 14143
and 14179. These flares were chosen on the basis of instructions from the Special Committee on Solar-
Terrestrial Physics.

Table 1. Energies Radiated in Ho Emission.

Date Start Max End Dur Imp Position Energy
1976 ut ut ut (s) (ergs)

27

March 23 0837 0839 0841 240 SB S05 E90 3.6x1029

28 1834 1843 1855 1260 SN S07 E26 2.3x1031
31 1138 1200 1350 7920 1N SO7 W09 2.2x1029
April 30 2047 2059 2118 1860 1B S08 W46 6.0x10

Energy of the Flares Radiated in the X-ray Region

Thomas and Teske [1971] found that the value of the total energy radiated in the soft X-ray range
between 8-12 A was almost equivalent to the total flare energy radiated in the Hu Tine. Despite non-
reliable information about the size and brightness of flares behind the Timb, it is very important to
determine the total energy radiated in the soft X-ray portion of the spectrum and in the other spectral
regions. The total energy radiated during the X-ray outburst is determined from the following time inte-

gral [Van Allen, 1967]:
2 t2 t
W = 2R Fy dt,
t1 '

where Fg is the difference between the total energy flux and the flux level of the "quiet Sun"; t; is
the beginning of the event; t, is the end of the event; and R is the Sun-Earth distance.
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The emitted X-ray energy flux was measured by the GOES 1 satellite in the wavelength ranges 0.5-44
and 1-88 [s6p, 1976]. The published curves measured by satellite were diyided into two equal parts; the
dividing line was transferred from the logarithmic paper; and the value Fj was directly measured. Values
of the total energy radiated during the X-ray outbursts are shown in Table 2.

Table 2. Total Energies Radiated During the X-ray Outbursts.

Date Wavelength Start Dur Fr Energy
1976 Range (A) Ut (s) (ergs/cm®s) (ergs)
March 23 0.5-4 0837 8580 9x107° 1.08x10%7
1-8 0837 10980 9x10~* 1.45x10%8
28 0.5-4 1837 48180 4x10"° 2.70x10%7
1-8 1837 48180 1x1073 6.75x10%®
April 30 0.5-4 2043 10800 1.1x107* 1.66x10%7
1-8 2043 13600 9x10~* 1.71x10%®

Energy of the Flares Radiated in the Radio Range

The energy of the radio outburst is almost negligible in comparison to the total energy released
during the flare over all wavelengths. Consider, for example, the energies of many impulsive bursts and
those of the more slowly varying radio events. These energies lie in the ranges 1022-102%® and 1023-102*%
ergs, respectively [Krliger, 1969; 1972].

We can determine the total radiated energy in the radio outburst from the relation
E = ﬂRzFTAf,

where Fr is the total flux in the given frequency range Af. For Fr we took the values of the mean flux
density from SGp [1976]. For every frequency interval typically three wavelengths were taken from SGp.
These three cases were used in calculating the mean durations and the mean total fluxes. The Tatter

were used in the calculation of the energy over the considered frequency range. Table 3 1ists three com-
puted energies for the chosen flares.

Table 3. Energies of Selected Flares.

Date Freq Start Max Dur Mean Flux Mean Af Energy
1976 (MHz) uT ut (min) Dur Density Flux (MHz) (ergs)
(min) (s.f.u.) Density
(s.f.u.)
March 23 113 0841.3 0842.9 59 900
228 0841.3 0842 8.7 l 34.6 380 593.3 270 4.8x10%2
245 0840 0842 36 500
410 0840 0854.4 26 ' 180
606 0840.7 0843.3 13.6 21.9 178 176.3 2700 8.8x1022
808 0840.6 0843.7 26 ‘ 171
1415 0840.6 0842.9 28.9 86
2695 0840.3 0843 29.2 ( 32.5 150 131.3 2700 4.7x10%3
2950 0840.2 0849.6 39.4 158
4995 0840.3 0845.6 29.2 300
8800 0840.8 0845.3 28.7 ( 24.1 520 346 27000 1.4x10%%
9100 0840.5 0847 14.5 218
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Table 3. (Continued)

Date Freg Start Max Dur Mean Flux Mean Af Energy
1976 (MHz) ut uT (min) Dur Density  Flux (MHz) {ergs)
(min) (s.f.u.) Density
(s.f.u.)
March 28 100 2136 2136.5 1.8 600 -
245 1914.9 1932.4 107.4 z 54.6 180 § 390 270 4.8x102%8
410 1915 1921.4 118.3 310
606 1914.5 1917 146.8 g 132.6 730 € 520 2700 1.8x10%*
1415 1914.2 1927.3 50.8 2500
2695 1914.6 1929 47.4 52.4 570 {1180 2700 1.4x10%*
2800 1914 1936 59 470
4995 1914.7 1929 45.3 950
8800 1915.4 1927.5 44,6 39.8 1100 1085.6 27000 9.8x10%"
9400 1916.2 1934.3 29.5 1206.8
March 31 127 1153 1235 140 350
234 1223 1224.3 1.8 86.5 10 151.6 270 3.0x1022
245 1149 1314.5 117.7 94.9
410 1140 1155.3 30.7 143.3
606 1152 1156.2 18 21.9 367.8 ‘ 198 2700 9.8x1022
808 1153.2 1155 17 ! 83
1030 1152 1158 18 90
1415 1152 1155.1 52 28.2 16.2 38.1 2700 2.4x102%
2695 1153.6 1159.3 14.7 8.2
4995 1152.2 1157.4 16 4.5
7000 1153.7 1157.4 81.4 z 34.2 15 7.2 27000 5.6x1022
9100 1156.5 1157.5 5 2
April 30 100 2102 2103.6 94 130
227 2103 2107 29 74 90 ‘ 163 270 2.7x10%2
245 2101.7 2103.4 99.1 269
410 2100 2104.4 103.1 900
500 2101 2103 106 93.8 150 ( 651.7 2700 1.4x10%"
606 2055.6 2107 72.3 905
1415 2050 2107.1 37.8 815
2695 2055.3 2108.7 24.7 28.8 234 ; 524.7 2700 3.4x10%3
2800 2101 2109 24 525
4995 2050.2 2108.7 30.8 614
8800 2054.7 2107.7 29.9 f 26.4 789 ( 824.8 27000 4,9x10%"
9400 2102.1 2108.6 18.5 1071.3

Magnetic Energy in the Volume of the Flare

We can determine the value of the magnetic energy from the equation
E = (B%/8m)Y,

where V is the volume of the flare, determined as the product of the area of the flare and the thickness
of the chromosphere and B is the magnetic intensity of the active region, the mean values of which were
taken from sGp [1976]. 1In Table 4 the magnetic energies of the chosen flares are introduced. The energy
for the flare on 23 March could not be determined because it occurred on the east 1imb and thus prevented
the area from being measured.
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Conclusion

Table 4.

Magnetic Energies of Selected Flares

Date Start Max Position Energy
1976 ut uT (ergs)
March 28 1834 1843 S07 E26 2.2x10%°
31 1138 1200 SO7 W09 1.1x10%1
April 30 2047 2059 S08 W46 1.7x1031 “

The quantity of the calculated energy radiated in the individual parts of the electromagnetic spec-
trum is given in Table 5 for selected flares from the period March - May 1976. In the radio range the
energies were calculated for the m, dm and cm. wavelengths; the dm range has been divided into the inter-

vals 3-10 and 1-3 dm. In comparison with other energies quoted these values for emission at tens of me-
ters are substantially Tower.

Table 5. Energies Radiated in the Individual Parts of the Electromagnetic Spectrum.

Wavelength Interval 23 March 28 March 31 March 4 April
Ho (6563R) 3.6 x10%7 2.3 x10%° 2.3x10%'ergs 6.0 x102°
X-ray (0.5-4%) 1.08x10%7ergs 2.7 x10%7ergs - 1.66x10%7ergs
X-ray (1—8&) 1.45x10%8 6.75x102¢8 - 1.71x10%®
Radio burst (m) 4.8 x10%2 4.8 x10%3 3.0x1022 2.7 x102?
Radio burst (3-10 dm) 8.8 x102%2 1.8 x10%* 9.8x1022 1.4 x10%*
Radio burst (1-3 dm) 4.7 x10%3 1.4 x10%% 2.4x10%2 3.4 x102°
Radio burst (cm) 1.4 x10%*% 9.8 x10%* 5.6x10%2 4.9 x10%*
Magnetic energy in
Nagnetic eferay } 2.2 x10%° 1.1x1031 1.7 x103!
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3. SOLAR RADIO DATA
Highlights of Solar Radio Data, 20 March - 5 May 1976

by

John P. Castelli and William R. Barron
Air Force Geophysics Laboratory (AFSC)
Hanscom AFB, Massachusetts 01731 -

and

Victor L. Badillo, S.J.
Manila Observatory
Manila, Republic of the Philippines

ABSTRACT

Principal solar radio data for this UAG report on the Retrospective World Interval, 20
March - 5 May 1976, are presented. Three very important radioc outbursts occurred on 23 and
28 March and on 30 April. Since the data are drawn from patrols dedicated to warning and
prediction of geophysical phenomena, applicable prediction signatures of the data are dis-
cussed.

Introduction

Observations for this report were made at the USAF solar radio facility, Sagamore Hill, Hamilton,
Massachusetts (N42.632, W70.821) and at the Manila Observatory, Quezon City, Philippines (N14.663, E121.083).
The Sagamore Hi11 Observatory is maintained by the Air Force Geophysics Laboratory and is staffed by per-
sonnel of the Air Weather Service; the Manila Observatory solar radio observations are made under Air
Force contracts. Both observatories are stations of the USAF/AWS world-wide solar network that report data
in real time to the AWS Global Weather Center.

The great variety of activity between 20 March and 5 May 1976 is important historically, since it
occurred during sunspot minimum. This il171-defined minimum period may be several years long, and its re-
lation to the old or new sunspot cycle remains imprecise. Indicators that cycle 20 was changing came as
early as mid-1971 when the polarity of the solar north pole reversed. The following year, 1972, the solar
south pole reversed its polarity [Gillespie et al., 1973]. The first sunspot of cycle 21 was then re-
ported to have been sighted at high latitudes in the solar southern hemisphere on 22 August 1975. Sub-
sequently, various observatories reported high latitude spots, indicative of new cycle activity even as
old cycle spots remained. Based on the radio viewpoint that minimum values of flux density in the centi-
meter wavelength range represent the crossover between sunspot cycles, sunspot minimum may have been reached
sometime between June 1975 and June 1976.

The activity in March-May 1976 was not the only period of importance during the recent period of sun-
spot minimum. For example, on 21 August 1975, a major solar radio outburst accompanied by proton activity
and a PCA event occurred. However, this event, in which the flare originated at N26 W71, may indeed have
been from a new cycle sunspot region. Somewhat earlier, between 1972 and 1974 as sunspot minimum approached,
some of the most spectacular events of sunspot cycle 20 occurred in old cycle regions at Tow Tatitudes.

In contrast to the 21 August 1975 event, the activity in March-May 1976 seems to have originated
from an old sunspot cycle region at Tow latitude. Though the period of this report starts with 20
March, for the dramatic activity it can only start on 23 March with McMath Region No. 14143. Never-
theless, the extreme quiet of the whole Sun radio emission found in February 1976 first started to
change as early as 12 or 13 March when McMath Region No. 14127 at about NO2 came around the east Timb.
Figures 1 and 2 show the variation of the "quiet" Sun radic emission for the months of March and
April 1976.

39




g?.oo 5 10 15 20 25 30
w

600,

DAILY SOLAR FLUX

15400 MHz

22 -2
W M HZ
360 480
360 420 480 540

X 10
300
300

8800 MHz

240
240

FLUX DENSITYI

180
180

20
0

4995 MHz
s

g &

i

2695 MHz

Gl

) YYYYYYYYYYYY}’(Y B

0.00 5 10 15 20 25 30

Fig. 1. Variation of the ''quiet' sun radio emission for March 1976. The
Xs along the bottom of the figure mark days on which distinctive
events occurred.

40




=0 5 10 15.00 20 25 30 o
© + ¢ { } } | (=]
©
DAILY SOLAR FLUX
o =
O e
s 15400 MHz 12
w
o
H o
@ o
o1 1
-
o
: <
—~9 a
A2 4.
- <
™~
Iz
R o
5=
zggﬂ- ,_§
N
N
'ch (?
-——-13" o
< 8800 MHz T®
>~
—9 o
HCVD —
[Sp NS =
ZN “?{,
L
[am}
=<
Do g
T e
< 4995 MHz e
(o]
(] ‘\WMM O
- - ~—C:
2695 MHz
3+ 1415 MHz 8
e e e
606 MHz
W ML .
w
< 245‘M‘ b M
M UV EE VIRV N ;7 * J: NS de T: s ] RN ____‘J_C.)
N "5’" 10. is°7 %77 g g ©
Fig. 2. Variation of the ''quiet' sun radio emission for April 1976. The

Xs along the bottom of the figure mark days on which distinctive

events occurred.

41




23 March 1976

The Teadoff event of the period was the radio burst recorded at Manila on 23 March 1976, which started

at about 9845 UT. Because of poor weather conditions at numerous optical observatories, the location of
the assoc1ateq flare was much in doupt. Ultimately the outburst was identified with a subflare at about
S06 E90 (Carrington longitude 044°) in what came to be known as McMath Region No. 14143. In view of the

iqtensity of'activity, however, we are suspicious of the Tow flare classification. Burst statistics are
given below in Table 1.

Table 1. The 23 March 1976 Solar Radio Burst.

FLUX DENSITY INTEGRATED
FREQ TIME UT DUR  TYPE  x10 22wy 2u," ! FLUX DENSITY
(MHz) START MAX (MIN) EVENT PEAK MEAN AT
8800 0840.8 0845.3 28.7 47  1350.0 520.0 8.7x10 '/
8800 0847.1 -0.0 47  1L00.0 -0.0
4995  0840.3  0845.6 29.2 47 760.0  300.0 5.2x10" "7
4995 0847.1 -0.0 47 950.0 -0.0
2695 0840.3 0843.0 29.2 47 550.0  150.0 2.6x10 '/
2695 0844.9 -0.0 47 350.0 -0.0
1415  0840.6 0842.9 28.9 46  370.0  86.0 1.kx10 '/
1415 0845.0 -0.0 46 293.0 -0.0
606 0840.8 0843.3 13.6 47  580.0 178.0  1.3x10 '/
606 0844.8 ~0.0 Ly 430.0 -0.0
8800  0909.5 0909.5 -0.0 29 156.0 -0.0
k995 0909.5 0909.5 -0.0 29 72.0 -0.0
2695 0909.5 0909.5 -0.0 29 54.0 -0.0
1415  0909.5 0909.5 -0.0 29 20 .4 -0.0
606  0854.4  0854.4 -0.0 29 24 .2 -0.0

Also observed were (1) a dekametric sweep frequency continuum of intensity 3 at 24 to 48 MHz from
0842.2 to 0856.8 UT, (2) a Type III, intensity 2 burst from 0904.1 to 0905.4 UT at 32 to 48 MHz, and
(3) Type IV in the meter wavelength range recorded at observatories other than Sagamore Hill and Manila.
The radio burst profiles as recorded at Manila are shown in Figure 3. Though the Manila data are in-
sufficient to test rigorously for conformity to the U-shaped spectrum of peak flux density used in a yes
or no prediction of proton activity [Castelli and Guidice, 19761, meter wavelength data from other ob-
servatories confirmed the presence of the "U" signature [Castelli and Barron, 1977]. It still remains
unclear whether or not proton activity of any great importance occurred, but the 20-40 and 40-80 MeV
proton channels aboard IMP 7 and 8 recorded the onset of a particle increase on 23 March [SGD, 1976a].
A PCA of about 1 dB would have been expected by techniques reviewed in Castelli and Guidice [1976]. No
provision, however, was made in the prediction scheme for the unfavorable east 1imb position of the
flare/burst. Note in Table 1 that the integrated flux density exceeded 10~'7 Joules m~2 Hz"!--a thres-
hold that seems statistically valid for detectable proton emission.
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Fig. 3. The great radio burst observed on 23 March 1976 'at Manila
Observatory, Republic of the Philippines.

28 March 1976

As McMath Region No. 14143 advanced from the east 1imb, centimeter wavelength activity with associated
X-ray and SID events increased. The region grew rapidly in area and developed magnetically a delta con-
figuration on 26 March. After a period of relatively low geomagnetic activity on 23-25 March, the A
reached an unusually high value of 138 on 26 March. Only eight or nine times in the previous 15 years had
such a level been exceeded. Most probably this severe geomagnetic activity is to be associated with region
14143, yet it is difficult to locate an accompanying radio event other than that of the 0843 UT burst on
23 March--a connection that seems somewhat far removed.

) The second “important radio outburst of the period started on 28 March at about 1900 UT and was asso-
ciated with a 1B flare at SO7 E28 (Max 1935 UT). Though the radio peak flux spactrum resembled that of
the 23 March event, especially in the centimeter range, it was, however, weaker in the meter range. A
small proton increase was expected, but it was not predicted on the basis of a rigorous analysis of the

;p$ctrum. The data recorded at Sagamore Hill are shown in Table 2 below; Figure 4 shows the burst pro-
iles.
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Table 2. 28 March 1976 Solar Radio Burst.
FLUX DENSITY INTEGRATED
FREQ TIME UT DUR  TYPE X107 22y 24,1 FLUX DENSITY
(MHz) START MAX (min) EVENT PEAK MEAN (0 m 2z T
35000 1927.0E 1934.2  48.2D 47 995.0 300.0U 8.64x10" 17
15500  1927.0E 1934.2  31.0D 47 2384.0 710.0U 13.2 x10 '/ -
8800  1915.4  1927.5 hk.6 47 3236.0 1100.0 29.0 xi0” V7
8800 1934.1  -0.0 47 3719.0 -0.0
4995  1914.7  1929.0  45.3 47 1856.0 950.0  24.8 x10 '/
4995 1934.6  -0.0 47 3155.0 -0.0
2695  1914.6  1929.0 h7.4 47 718.0  570.0 15.1 x10” 17
2695 1936.0 -0.0 47 1890.0 -0.0
1415 191L4.2  1927.3  50.8 47 8174.0  250.0 7.7 xt0™17
1415 1938.4  -0.0 47 554.0 -0.0
1415 1958.0 =-0.0 47 284.0 -0.0
606  1914.5 1917.0 146.8 47 363.0  730.0 7.7 x10” 17
606 1939.0 -0.0 47 2448.0 -0.0
606 1958.2  -0.0 47 331.0 -0.0
606 2050.5 -0.0 47 791.0 -0.0
410 1915.0  1921.4 118.3 49 351.0  310.0 10.6 x10” 17
410 1940.2  -0.0 49 1024.0 -0.0
410 1958.6  -0.0 A9 765.0 -0.0
410 2050.9  -0.0 49 784 .0 -0.0
245 191L4.9 1932.4 107.4 49 587.0  180.0U 11.6 x10 '/
245 1951.0U =-0.0 49 609.0D  -0.0
245 2008.0 -0.0 49 609.0 -0.0
245 2052.6  -0.0 49 32.0 -0.0
8800  2000.0  2000.0 47.0 29 59.8 29.9
4995  2000.0  2000.0  30.0 29 29.1 14.6
2695  2002.0  2002.0 23.0 30 4.8, 7.4
1415  2005.0  2005.0 131.0 30 10.4 5.2
606  2141.3  2141.3  34.7 29 31.8 15.9
410 2113.3  2113.3  62.7 29 51.5 25.8
245 2102.3  2102.3  81.7 29 23.3 1.7
Sweep frequency dekametric activity at Sagamore Hill was as follows:
Time of Burst Type Int Freg
1922.9 - 1925.1 Irie ! 25 - 40
1925.2 - 1939.3 IV 1l 25 - 68
1939.3 - 2301.0  CONT I 25 - 75
2136.5 - 2137.1 ¥ I 25 - 65
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Fig. 4. The great burst observed on 28 March 1976 at Sagamore Hill
Radio Observatory, Hamilton, Massachusetts.

30 April 1976

From the time of the 28 March outburst until west Timb passage of region No. 14143 on about 6 or 7
April, burst activity decreased to only an occasional centimeter burst. Long-duration noise storm activity,
which reached its greatest bandwidth on 26 March when 245, 410, and 606 MHz were all affected, receded to
only 245 MHz. (Actually on 26 March noise storm activity at 410 MHz reached its highest level for the
entire period). Region 14143 returned to the east 1imb about 20 April as McMath Region No. 14179, and
it continued to be extremely gquiet until 29 April when a few microwave bursts with associated SIDs
occurred. As expected, these events displayed a spectral maximum in the vicinity of 10 000 MHz.

On 30 April at about 0845 UT, Manila observed a significant burst at 8800 MHz without associated
dekametric continuum. The most important event of the day - indeed of the whole 1ifetime of the region -
started at about 2050 UT on 30 April. The associated importance 2B flare located at S08 W46 probably
started at about 2047 UT, reached a maximum near 2059 UT, and ended at about 2218 UT. Ultimately, there
was a PCA event and even a Ground Level Event (GLE). The radio data from Sagamore Hill are listed below
in Table 3. In the 25-75 MHz range, a Type IV, intensity 2 burst was observed between 2103.2 and 2130 UT;
a continuum event was observed from 2130 to 2338 UT.
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Table 3. 30 April 1976 Solar Radio Burst

FLUX DENSITY

FREQ TIME UT DUR  TYPE  Xx10 2%um 2nz"!
(MHz) START MAX (min) EVENT PEAK MEAN
35000 2102.3  2108.9 18.2 47  1176.0  353.0 -
15600  2054.3  2108.7  31.1 47  2540.0U  762.0U
8800  2054.7  2107.7  29.9 47  2630.0  789.0
4995  2050.2 2108.7  30.8 47  2046.0  61k.0
2695  2055.3  2108.7  24.7 47  1500.0E  500.0E
1515  2050.0  2107.1 37.8 47 2717.0  815.0
1415 2117.8  -0.0 47  1830.0 -0.0
606  2055.6  2107.0 72.3 47 3018.0  905.0
606 2118.3  -0.0 47  7h4s5.5 0.0
410 2100.9  2104.%  103.1 49  3000.0  900.0
510 2120.5  -0.0 49  825.0 -0.0
245 2101.7  2103.4  99.1 49 897.0  269.0
245 212k.2  -0.0 49 161.6 -0.0
35000 2120.5  2120.5  51.2 29 175.0 69.9
15400  2125.4  2125.4  46.8 29 81.5U0  32.6U
8800  212h.6  212k.6 36.4 29 72.0 28.8
4995  2121.0  2121.0 k0.0 29 51.6 20.6
2695  2120.0 2120.0  h41.0 29 10.2 4.0
1415  2127.8  2127.8  83.4 29 9.1 3.6
606  2207.9  2207.9  Lh.6 29 21.1 8.4

. The plot of the peak flux density yields the characteristic U-shape spectrum predictive of subsequent
proton emission. The spectrum of this burst reveals several other significant features: (1) the centi-
meter f ax is near 13 000 MHz (perhaps higher than average), a position that has been statistically identified
with a ﬂ1gh magnetic field in the flare region; (2) the slope of the spectrum above fpax is rather gentle
(not steep), predictive of a moderately hard energy distribution of the radiating electrons; (3) the broad
spectral U (relative flatness), sometimes expected for the occurrence of a relatively hard proton spectrum
according to Bakshi and Barron [1975], is not well confirmed; and (4) the spectral U null point is shallow,
implying that a strong, uniform radiation occurred throughout most of the microwave region.

A hard proton spectrum is indicated by particle data given in [SGD, 1976b]. Moreover, the occurrence
of a Ground Level Event is the ultimate proof of the hardness of the proton energy spectrum. The burst
integrated flux densities (mean flux density times duration in min) derived from Table 3 are shown below
in Table 4.

Table 4. Burst Integrated Flux Densities.

Frequency Integrated Flux Density x 10-17
(MHz) (Joules m-2 Hz-1)
35000 3.8
15400 17.0
8800 14.8
4995 11.6
2695 7.2
1415 18.1
606 39.1
410 55.6
245 37.4
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By using the 8800_MHz integrated flux density, one might have predicted a >10 MeV proton flux of about
50 particles cm™®s™'sr™! [Straka and Barron, 1970; Castelli and Guidice, 1976 (see Figure 19)]. We cal-
culated an absorption of about 2.3 dB from the occasionally used relation

P =10 AZ,
where P = the number of >10 MeV protons and A = the 30 MHz riometer absorption in dB. The estimated value

of 2.3 dB Ties close to the 2.7 dB actually measured. Note too that the predicted proton flux is in
reasonable agreement with data published in [SGD, 1976b]. s
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The Qutburst of 23 March 1976

by

S. T. Akinjan, L. M. Bakunin, G. P. Chernov, I. M. Chertok, V. A. Kovalev and 0. S. Korolev
Solar Radio Laboratory, IZMIRAN, Moscow, U.S.S.R.

The outburst of 23 March 1976 starting at about 0841 UT was one of the most intensive radio bursts
observed in 1976. At the Solar Radio Laboratory, IZMIRAN, the burst was recorded by radiometers at 207
and 3000 MHz and by spectrographs in the ranges 45-90 MHz [Markeev, 1961], 93-186 MHz [Korolev, 19757,
and 180-236 MHz [Markeev and Chernov, 1971].

At the fixed frequencies 207 and 3000 MHz the burst had a complicated form (Figure 1). One can see

the sharp onset of the emission in the burst at 3000 MHz which began about 1 min before (~0840.5 UT) the
burst at 207 MHz. The moments of the maximum intensity (~0842.6 UT) do not differ by more than 0.3 min.

[ 480

-400

2 .2 -4
22 Wit Hz

FLUX DENSITY, 10

3000 MHz

" 0930UT

080 ' ' ' @9usvT

Fig. 1. Single frequency flux records of the outburst on
23 March 1976 at 207 and 3000 MHz.

The dynamic spectra of the outburst at meter wavelengths are shown in Figure 2. The spectrum in the
range 93-186 MHz has been obtained by a spectrograph with a lower sensitivity. The analysis of the spec-
tra shows that the given event is a complex set of Type II and IV bursts.

The Type IV burst consists of two intensive continuum components which may be classified either as
flare continua [Robinson and Smerd, 1975] or as broadband continua [Bohme, 1972]. The first one, lasting
~1.7 min, coincides in time with the rise phase of the microwave burst and is characterized by a rapid
drift of a sharp initial boundary of the emission. 1In the range 186-45 MHz the frequency drift velocity
of the boundary is characteristic of Type III bursts. In the range 186-93 MHz the drift velocity is
equal to several tens of MHz sec™. 1In the range 90-45 MHz the drift may be measured more exactly. Here
df/dt ~18.5 MHz sec™® at the frequencies up to 53 MHz; at f < 53 MHz a sharp decline in the drift takes
place; and in the band 53-45 MHz the drift velocity decreases to about 2.1 MHz sec”!,

The second intensive continuum component starts at 0843.6 UT and has the 1ifetime of 1-2 min. In
this component a sharp initial boundary with drift velocity about 50 MHz sec™® is seen in a range of
180-236 MHz. 1In all other ranges the boundary is diffuse.
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