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INTRODUCTION

This report summarizes the data analysis that was used in the

search for an observational technique that will, with a high degree of

confidence, distinguish flares that were followed by a polar cap absorption

event from those that were not.

The study was carried out in several phases:

(a)

(v)

()

(a)

A list of PCA events was compiled from the published data
and all available associated solar and solar induced
terrestrial phenomena were investigated for the four or
five days preceding the event and a few days after the
event in the search for conditions that might indicate
those phenomena that are common to PCA events either in-
dividually or in combinations.

All major flares with corrected importance 2 3 were
studied to find if possible why some were followed by PCA
events and others were not. Phenamena including sunspot
and plage characteristics before and at the time of the
flare, the time relations of the flare with importance
of shortwave radio fadeouts, spectral radio emissions of
the slow drift type (Type II) and broadband continuum
emissions of Type IV, and emissions at single frequencies
at centimeter wavelengths (frequencies from 1420 to

3750 Mc/s).

Minor flares with corrected importance < 3 that were
followed within a reasonable time by a PCA event were
studied in terms of the associated solar region, and
those phenomena that were evaluated during the study

of the major flares. In addition, the flare and radio
activity of the region from the time of east limb passage
to the start of the flare were studied for possible in-
dication of an energy buildup and storage.

All solar radio emissions at centimeter wavelengths with
peak emissions; 500 flux units¥*, were evaluated for
flare association and flare importance; the time relation
of flare RF emission start time; the time relation of the
flare maximum intensity with the time of RF peak flux.

* One flux unit equal 10~22W(m2c/s)=1
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(e) The shape of the RF time history and the possibility that
flares associated with multi-peak RF emissions, have se=-

quences of brightening and dimming was investigated for a
number of events. '
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1.0 SUMMARY

Several solar or solar induced conditions or phenomena were
found that could be considered as "almost necessary" conditions for a
PCA event to occur:
Plage region must be in at least its second rotation.,

Sunspot group area must he greater than 500 millionths of
the solar hemisphere én flare day.

The flare must cause a short wave radio fadeout.

The flare must be accampanied by a solar radio burst
‘of spectral Type IV.

The flare must be associated with RF emission at cm
wavelength with a peak flux 2 500 x 10-22W(m®c/s)-1,

At this point in the study we find three solar or solar induced
conditions or phenamena that appear to be "almost sufficient" conditions
for "predicting" that a flare will be followed by a PCA event.

The time of the RF emission peak flux follows the time
of the associated flare maximum intensity.

The major flare covers some minimum part of the
_ sunspot umbra.

A flare on the visible disk is followed by a loop
prominence system,
The degree of confidence in each of these so-called necessary or
sufficient conditions and their limitations are listed below. Possible
modification, combinations, and problems associated with some of these

conditions will be discussed in the subsequent sections of this report.
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GENERAL STATISTICAL SUMMARY

"Almost Necessary" Conditions

Plage Regions:

96% of the PCA plage regions were in at least the second
transit of the visible solar disk
74% of the PCA plage regions had an average maximum area
2 5000 millionths during disk passage.

Sunspot Size:

90% of the basic PCA flares occurred in sunspot groups
with a maximum area greater than 500 millionths

88% of the PCA flares between ESO and W80 for the years
through 1959 had an area greater than 500 millionths
on flare day.

Less than 7% of the large sunspot groups were the source of
PCA-flares

Sunspot Magnetic Field:

65% of the PCA flares occurred in sunspot groups with a
complex (¥ or AY ) magnetic classification on flare
day

Flare Importance:

766 of the PCA flares had an importance > 2+
Only 1% of the flares with importance 2 2+ were followed

by a basic PCA event
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Short Wave Radio Fadeout:

100% of the PCA flare caused short wave radio fadeouts
83% of the PCA flares caused an SWF with importance >2+

Solar Radio Bursts of Spectra.l‘Type 11 and Type IV¥

41 of the basic PCA events occurred during the normal
observing times at the Harvard Radio Astronomy Observatory
at Fort Davis, Texas, or the CSIRO Observatory at Dapto
near Sydney, Australia.
80% of the PCA flares were accompanied by spectral Type IV
60% of the PCA flares were accompasnied by spectral Type II i
50% of the PCA flares were accompanied by both Type II and |
Type IV emissions
In the case of events not followed by a basic PCA, the percentage
with Type II and/or Type IV emissions were:
Only 2% non PCA events accompanied by spectral Type IV
Only 3% non PCA events accompanied by spectral Type II
Only 2% non PCA events accompanied by both Type II and Type IV
RF Emission at cm Wavelength

85% of the PCA flares were associated with RF emissions
at cm wavelengths with a peak RF flux 3 500 x 10722
W(m2c/s)~1

Only 2% of the RF bursts 2 500 x 10-22w(m2c/s)-l were

associated with a PCA flare

* It should be noted that the numbers and percentages in our data differ
from Harvey (ref. 25). We have used all major events (i.e., associated
with flares of importance 2 3 and with RF peak > 500 flux units for
flares < 3) at frequencies 1420 through 3750 Mc/s, during the normal
observing time of both CSIRO and Harvard while Harvey limited her
study to RF bursts at 10.7 cm and the spectral observation at Fort
Davis during the Ottawa observing time.
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"Almost Sufficient” Conditions

Events with Flares Importance 3 3 Associated with cm RF Emissions

with Peak Intensity 2 500 Flux Units

83% of the basic PCA events, the time of the RF Peak intensity

followed the time of the flare maximum.
100% of the non-PCA events » the time of the RF peak intensity
preceded the time of flare maximum

Events with Flares JImportance € 3 with cm RF Pmissions with

Peak Intensity 2 500 Flux Units

78% of the non-PCA events the time of the RF peak intensity

preceded the time of flare maximum
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2.0 GENERAL DISCUSSION

2.1 POLAR CAP ABSORPTION EVENTS

During the progress of the contract a list of 106 polar cap
absorption events (PCA) or possible PCA events were chosen from a large
number of sources (Table 2, reference 9). These PCA events were classi-
fied into three groups: basic, small, and very small.

The 59 PCA events in the basic group are those detected by two
or more techniques that could be associated with a solar flare with reason-
able certainty.

The small PCA events are those reported by two or more indepen-
dent investigators based on ionosonde fmin data. There are 23 events in
this group and the flare association is questionable for about half of
then.

The very small events are those events during 1960 that were
reported by Gregory only. They were discovered through the use of high
sensitivity vertical incidence back scatter sounding of the lower ionosphere
at a frequency of 2.3 Mc/s at 79° south geomagnetic latitude. Several of
the 24 events in this group can be associated with a solar flare with
reasonable confidence.

It is probable that none of the PCA events classified as small
or very small can be considered as dangerous for manned space flight in
near-earth orbit, in cislunar space or on the surface of the moon. However ’
they were included in the analysis to increase the statistical significance
of the investigation,

The association of the 106 events with flare importance is shown

in Table 2.1.
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Flare , PCA Group ‘

| __Importance Basic Small Very Small Total
No reasonabl 0 5 7 12
flare assoc.

2 14 13 8 35
-2+ 7 2 ‘ 2 11
3 38 3 7 48
Total 59 23 24 106

TABLE 2.1

ASSOCIATION OF THE PCA EVENTS WITH FLARE IMPORTANCE
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2.1.2 Basic PCA Events and Associated Solar Phenomena

Most of the period of the basic contract was devoted to a detailed
analysis of the 59 basic PCA events.

The possible effect of sunspot and plage morphology on the flare
and radio emission productivity during disk bassage, was investigated in an
attempt to find necessary and/or sufficient conditions for the cause or
possible source of PCA flares.

While it was found that a large (area 3 500 millionths) sunspot
group is an "almost necessary" condition for a PCA flare » the probability
that a major flare from a large sunspot group will be followed by a PCA event
is very small, We found that 53 of the basic PCA flares occurred in 34
different sunspot groups with areas greater than 500 millionths of the solar
hemisphere on flare day. In fact, 34 of the PCA flares occurred in 20
different sunspot groups that during disk passage had a maximum area greater
than 1000 millionths,

However, the probability that a large sunspot group would be the
source of a flare followed by a PCA event becames almost insignificant if
we consider the total number of days when there was at least one large
sunspot group on the visible hemisphere of the sun. For example, there
were 304 days during 1959 when there was at least one sunspot group with an

area greater than 500 millionthe on the vieihle salaw hami sphere {rcfercnce

18). The number of days with one or more large sunspot groups on the visible

hemisphere of the sun is given in Table 2.2.
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NUMBER OF LARGE SUNSPQT_ﬁGROUP&
No. of None One Two Three Four Five Six
Days ol 127 104 47 18 6 ‘2
Total
Large o 127 208 1 72 30 12
Spots

TABLE 2.2

NUMBER OF DAYS DURING 1959 WITH ONE OR MORE
LARGE SUNSPOT GROUPS ON THE VISIBLE FACE OF THE SUN

This gives a total of 586 large sunspot groups on the visible
hemisphere of the sun during 1959,

During this period 32 flares were reported with importance 23
and 6 were followed by basic PCA events. Ths six PCA flares occurred in
sunspot groups with areas greater than 1000 millionths on flare day.

Similarly, we find that there were 148 days during 1959 with
large sunspot groups (areas 2500 millionths) that were also magnetically
complex (magnetic -class ¥ orﬂf ). Only five of these large magnetically
complex sunspot groups produced flares that were followed by a basic PCA
event,

The area and brightness of the plage region did not show any sig-

nificant relation to the production of PCA flares; however s flare produce

tivity and agze in rotaticns of Lthe Piage region did show some promise.
2.2 SOLAR INDUCED PHENOMENA

Changes in the Earth's Magnetic Field

Solar induced changes in the earth's magnetic fields as indicated
by the three-hour planetary index Kp and the derived daily index, Ap, during
the four or five days preceding the PCA flare did not show any correlation

with the PCA intensity or time delay,
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Short Wave Radio Fadeout

Severe short wave radio fades (importance > 2) accompanied all
but two of the basic PCA events and all but one of the 38 PCA flares of
importance 2 3. On the other hand, Dodson and Hedeman (reference 4) found
that 84% of all flares with importance ;3 reported from July 1957 through
1961 were accompanied by severe SWF, while we have found that only 37% of
these flares were followed by a basic PCA event.

Again, we can say that a severe SWF at the time of the flare is an
"almost necessary" condition for the flare to be followed by PCA, while the
probability that a flare with a severe SWF will be followed by a PCA event
is very small,

2.3 SOLAR RADIO BURSTS OF SPECTRAL TYPE II AND TYPE IV

Many investigators have established correlations between the
occurrences of solar radio bursts of spectral types with major flares, and
with flares followed by polar cap absorption events. In reference 10
we found that the flares responsible for 52 of the 59 basic PCA events were
accompanied by solar radio burst of spectral Type IV, based on spectral
Observations by CSIRO, and the Harvard Radio Astronomy Station, and probable
Type IV emissions based on selected single frequency outbursts.

We have here summarized the data showing the distribution of the
spectral bursts among the events studied.

Observations of solar radio bursts of Spectral Type II and Type IV
have been reported by CSIRO, Sydney, Australia, over the frequency range
of 240 to 40 Mc/s with a normal observing period from approximately 2300
UT to 0600 UT October through Merch end 2300 UT to 0800 UT April through

September for the entire 19th solar cycle, and by the Harverd Radio
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Astronomy Station, Fort Davis, Texas, since January 1957 over the frequency
range 580 to 25 Mc/s and 3900 to 2100 Mc/s since February 1960 with a
normal observing period approximately 1230 to 2545 UT during the summer
and 1345 to 2400 UT during the winter.

As indicated in our summary, 804 of the PCA flares were accompanied
by a solar radio burst of spectral Type IV, thus classifying the Type IV
as an "almost necessary" condition. However, as with the other "almost
necessary" conditions, only about 2% of the Type IV bursts that were
reported duringwthe approximately 18 hours of observing time were associated
with flares that were followed by basic PCA events. The distribution of

spectral Type II and Type IV among the events studied under the contract
is shown in Table 2.3.

No. Events
During Obs. | Type II Type I¥ Type IIL | Total Total
With Time Only Only & IV Type II Type IV |
?gﬁic b1 I 14 20 2l 34
Flares
Imp.> 3 38 8 2 7 15 9
lux < 500
Flux > 500 109 24 7 24 48 31
11
lares
otal 219 62 86 305 148
ep.
l J
TABLE 2.3

OF SPECTRAL TYPE II AND TYPE IV AMONG THE EVENTS STUDIED

DISTRIBUTION OF SOLAR RADIO BURSTS
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2.4 PCA FLARES, NON PCA FLARES, AND RF EMISSIONS

In the search for necessary and/or sufficient conditions that
might distinguish PCA flares from non PCA flares we have investigated the
characteristics of the active regions associated with ma jor flares a.nd/or
major RF bursts at centimeter wavelengths at the time of the flare. We
have also studied known characteristics and time relations .of the different.
phenomena., These have included:

(a) The flare central meridian distance.

(b) Flare - PCA delay time as a function of central meridian
distance, and PCA intensity.

(c) Heliographic longitude distribution of the PCA flare
sunspot groups.

(d) PCA intensity and flare importance.

(e) Association of spectral emissions of Type II and Type IV
with PCA and non PCA flares.

(f) RF emissions at single frequencies in the range from 1420
Mc/s to 3750 Mc/s.

(g) The occurrences of loop prominence systems on the disk
associated with the PCA flares.

2.4,1 Flares with Importance 2 3

The 142 flares with importance 23, listed in the Solar Activity
Catalogue, and the McMath-Hulbert working lists of solar flares were
studied (refs. 42, 43), Sufficiently reliable data were found to evaluate
9% of these flares and the associated RF flux at centimeter wavelengths.
Thirty-four of the flares were followed within a reasonable time by &

basic PCA event and eight by a small or questionable PCA.
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The time of the RF peak flux followed the time of the H o« flare
maximum for 84% of the flares with importance > 3 with a peak flux 3 500
flux units that were followed by a basic PCA event. |

In the case of flares with importance 2 3 not followed by a known
PCA event the time of the RF peak flux preceded the time of the Hot flare
maximum for all of the flares with RF peak flux 3 500 flux units, and 92%
with RF peak flux < 500 flux units.

The results of the investigation of the difference between the
time of the RF peak intensity and the time of the Ho« flare maximum for all
flares of importance 2 3 are shown on Figure 1. Since the energy released
at the time of a flare is directly proportional to the time integral of
the RF flux, we have shown the time duration of the RF emissions together
with the range of peak flux amd the time delay between the time of the RF
peak intensity and the time of flare maximum on Figure 2.

Figure 2a shows that most of the RF emissions that were not
associated with PCA flares (80%) had a peak intensity < 500 flux units.

On the other hand Figure 2b shows 90% of the RF emissions
associated with importance > 3 flares that were followed by PCA events had
peak intensities > 500 flux units.

The central meridian distance of the 142 importance 2 3 flares
on the solar disk is shown on Figure 3. There does not appear to be a

pPreferred central meridian distance.
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The number of successes, failures, and questionable events for

each frequency is shown in Table 2.4,

“Basic Events | Small Events | Very Small Events
s Q f s £ ] Q F
1500 2 0 1 0 1l 0 (o} 0
2000 (0] 0 0 0 0 0 0 0
2800 12 0 2 0 2 0 1 2
2980 1 0 0 0 0 0 0 1
3000 0 1 1 0 0 1 0 0
3750 6 2 6 0 0 0 0 o
Total |21 3 10 0 3 1 1 3 |
8 = Success (PCA event) At >0
f = Failure (PCA event) at <O !
S - Success (no PCA) At <0 '
F = False Alarm (no PCA)Aat >0
Q = =0.5 S t £ 40.5, the choice for success, failure or false

alarm is questionable since the time of
flare maximum is given to the nearest
minute while in most cases the time of
RF peak intensity is given to 0.1l minute.

where At = time of RF peak intensity - time Ho¢ flare maximum

2.4.2 Events

TABLE 2.4
SUMMARY OF PCA EVENTS FLARES IMPORTANCE
2 3 FREQUENCY DISTRIBUTION

with RF Peak Intensity 500 Flux Units Associated with

Flares

of Importance 23

A total of 180 events were found in the published literature with

peak flux 2 500 flux units at centimeter wavelengths associated with flares

with importance < 3.
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The time of the HSC flare maximum (if a flare was reported) and

the time of the RF peak intensity was reported for 113 of these events.

It was found that if the event was not followed by a known PCA, the time

of the RF peak flux preceded the time of the HO¢ flare maximum for 784

of the events. (This includes 15 events when no flare was reported although ‘!

a flare patrol was indicated.) ‘
Flares with importance < 3 followed by a PCA event failed to show

the strong time relation fdund for the importance >, 3 flares. Only three

of the nine minor flares with RF peak flux 2500 flux units and four of

the eight minor flares with flux < 500 flux units satisfied the condition

that the time of RF peak should follow the time of the HX flare maximum.

WITH POLAR CAP ABSORPTION “WITROUT PCA |

(Basic Events Small Events | Very Small —
[ f 8 Q f [ £ S Q F
1420 1 0 1 1 0 0 (o} 1 0 o}
1500 0 0 ) o} 0 ) 0 3 0 2
2000 o) 0 0 0 0 0 0 1 0 2
2800 1 3 0 0 0 0 0 |22 2 8
2980 0 o} o} 0 0 0 0 5 1 0
3000 0 1 1 o} 1 0 o |17 3 7
3750 1 2 0 1 0 2 o |17 5 2
Total 3 6 2 2 1 2 0 |65 u 21

TABLE 2.5

SUMMARY OF EVENTS, FLUX 2 500 FLARE IMPORTANCE < 2+, FREQUENCY DISTRIBUTION
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2.5 SUCCESSES, FAILURES, AND FALSE ALARMS

A summary of the successes, failures, and false alarms for

the 224 events is given in Table k4.

t

WITH POLARCAP ABSORPTION WITHOUT PCA
el | IMPORTANT SMALL OR QUESTIONABLE |  success TOTAL
FLUX FALSE
NS [ success  [FALURE|  success  [mioRe], | | Acams
NUMBER | % (NUMBER |NuMBER| % |NuMBER
S0 | 2 7% 7 1 50 1 16 100 0 L)
3
T olaw| 2 | 0| 3 1 | o | s B | 2| 3 | &
| 3 | s 6 |8 [ 1 % | m | a | us
<
0| 4 | s | 3 | 8| 6 u
TOTAL L] 61 » u 8 13 125 L] u 4

TABLE 4. SUMMARY OF 224 EVENTS STUDIED SHOWING SUCCESSES, FAILURES AND FALSE ALARMS

The time delay between the time of the RF peak flux and the
time of the H flare maximum for the 149 events that were not associated
with a known PCA event is shown on Figure L.

2.6 OTHER PHENOMENA OR CONDITIONS

2.6,1 Loop Prominence Systems

During the study reported in reference 9, only 7 of the 32 basic
events during the years 1954 through 1958 had an associated loop prominence
system reported in the literature. However, a loop prominence system was

reported for 20 of the 27 basic PCA events during 1959 through 1963.
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This phenomens is essentially "unobservable” on spectroheliograms
recorded in the center of the HX (Dodson, reference 5) but are observable
on spectroheliograms with systematic shifts from 32 or more on the violet,
to 38 or more on the red side of the center of the H and calcium K lines.
Bruzek (reference 2) discusses some of the problems, and methods required
to identify loop prominence systems on the disk.

Since special observational techniques and experienced interpreters
are required to record and identify loop prominence systems on the disk, its
use as an input for a proton warning system may be questionable. However,
further study is desirable.

2.6.2 Flare Morphology and RF Time Histories

It is a well known fact that the times reported for start, end, and
maximum intensity of flares may be in error by from one to several minutes.
In particular the time of flare maximum may be in error due to a number of

factors such as:

(a) The flare may have been in progress for some time when the
observation was started and the time of true maximum may
have been missed.

(v) A temporary obscuration of the sun by clouds of more than
a minute or so may result in a questionable HO¢ maximum
report or no report at all.

(¢) The time based on photographic records aml visual observa-
tions depends on the judgment of the observer.

(d) Many flares exhibit alternating diminution and brightening.
The time of flare maximum is reported by some observatories
as the time of maximum brightness while others use maximum
area,
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(e) An examination of a number of flares with different reported
times for the flare maximum by different observatories »
particularly flares of importance 2 2+, indicate that some
HX flares have multiple-maxime similar to the multi-peak
intensities reported for RF emissions and shown as RF-
intensity time histories.

Based on the difficulties, and in many cases the uncertainty of

‘the association of a mﬁlti-peak RF emission with the reported time of H flare

maximum, a thorough investigation of all fia.res associated with known multi-
peak RF emissions must be carried out to improve the reliability of a solar
proton warning based on the time from the H¢ flare maximum to the time of
RF-peak intensity.

2.6.3 HOC Flare Position in the Sunspot Group

Dodson and Hedeman have found at least fifteen events where flares
covered the sunspot umbra, one event where the coverage was possible, and
one, partly covered. All of these flares were followed by PCA events.

Malville and Smith (reference 14) have listed 31 flares of importance
> 2 that covered some part of the umbra of the associated sunspot. While the
Dodson and Hedeman analysis shows a good correlation between flares covering
the sunspot umbra and PCA events, the Malville and Smith list of flares is
less convincing since only eight of them were followed by & known PCA event.
However, we have found that of the 23 flares that were not followed by a PCA
event,no centimeter RF emission was reported for three; the RF peak was less
than 250 flux units for 17 » and the time of the RF peak flux preceded the
time of the HX flare maximum for the three flares with RF peak 2 500 flux
units. Malville and Smith also list 13 flares with no umbral coverage, none
of these were followed by a known PCA.

While the statistical sample is small and the position of the flare
with respect to the sunspot umbra mey not differentiate PCA from non-PCA
flares, it does show considerable pramise when cambined with the RF-HOC flare

time relation.
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3.0 ANALYSIS OF FAIIURES, FALSE ALARMS AND DOUBTFUL CASES

Several problems were encountered during our search for a solar
proton warning criteria. Thesecould have a serious effect on the statistical
results» that were derived during the initial analysis of the time relation
between the time of the RF peak flux and the time of the flare maximmm
intensity. |

For example, an examination of Figure 4 where we have shown a
histogram of the 149 events thet were not followed by a known PCA events.
According to our criteria we classified three of the events associated with
flares of importance )3, and 21 associated with flares of importance <3
with a peak RF emission 3 500 flux unitsas false alarms.

It is a well known fact that the reported times of the flare
maximum intensity are in general based on the observer's personal Jjudgment
or impression and the frequency of the observations, or in the case of
flare patrol films, the time between frames may vary from a few seconds
to, in some cases, several minutes.

This could mean that in the case of events not followed by a known
PCA event our criteria that the event was a success and the time of the
RF peak flux preceded the time of the flare maximum, or the two times bdid
not differ by more than 0.5 minutes, the "true" time of flare maximum could
in some cases shift the statistical "success" to a"false alarm," Referring
to Figure 4 we have 65 events with -2 € A t € 2. If these are considered
to be questionable forthe analysisend reduce our sample from the 149 to 84,
the probability of successfully "predicting" that an event will not be

followed by a PCA event is reduced from 83% to 80%.



Report No. 00.882
Page 21

We were also faced with the problem of choosing the time of flare
maximum in the cases where more than one observatory observed the flare and
reported different times for the maximum intensity. If the range of reported
times did not differ by more than a few minutes, we used the average value
as reported in the solar activity catalogue and the McMath working lists of
flares. This problem will be discussed in considerable detail in the sub-
sequent sections of this report.

The situation is quite similar when we examine the published data
for the RF emissions. In general, if the RF event was observed at more
than one frequency, the reported times of peak flux agreed to within a few
tenths of a minute. However, it was frequently indicated that there were
several peaks, or the emission was reported as complex,but values and times
of the other peaks were not reported; or if reported, the rate of change of
the flux was not given. Consequently, the association of the times of RF
peak and the flare maximum was considered to be questionable and the event
was not used in our statistical study. Several of these questionable events
are listed in Table 1, together with & few cases where more than one flare
at widely separated positions on the visible hemisphere occurred within a
few minutes of each other.

In order to evaluate as completely as possible the observational
accuracies or techniques that will be required to make real time decisions
with a high probability of success, we have analyzed the correlation of the
RF time histories with reported flare and associated data for a number of

the failures, false alarms, and questionable events.
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3.1 EVENTS WHERE THE RF EMISSION-FLARE ASSOCIATION IS QUESTIONABLE
This phase of the work was devoted to an analysis of:
Several events where the flare-RF association or the times of
flare maximum or RF peak were questionable, or where several
different times of flare maximum were reported and the RF time
histories showed multiple peaks.

Selected cases where two or more outstanding events occurred
in the same active solar region during disk passage.

These events were chosen (Table 1) for detailed study since they are
representative of problems that were encountered many times during the statis-
tical analysis.

A detailed analysis of these events, and in some cases related events,

is given in notes N-1 through N-15 on pages 23 through 58.
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N-1 MAJOR RF EVENT ON 27 JUNE 1957

The flare associated with the large 10 cm burst at 2408 UT and
the long delay time from the reported start of the flare to the reported
start of the RF burst (greater than 38 minutes) when combined with the
reported time of the RF peak approximately 83 minutes after the end of the
flare makes a flare-RF emission association questionable.,

Two flares occurred within a fev." minutes of each other in two
different regions on the sun at W62 and E32, respectively. Both flares
occurred near sunrise at Tokyo (3000 Mc/s) and Nagoya (3750 Mc/s) and it is
possible that the start and an earlier peak intensity may have been missed.

The flare at 2322 UT occurred in the large magnetically complex
sunspot group which crossed the central meridian on June 22.5. The spot
had an area of 524 millionths, a ﬁf magnetic classification, and a Zurich
classification of G on flare day. The sunspot group was fhe source of 30
minor flares during disk passage. Two of the flares prior to the flare on
June 27 were followed by PCA events.

The weak PCA on June 19 was associated with a fla.re of importance 2
and a very great radio burst at 2800 Mc/s which was superposed on a very long
enduring rise and fall in flux which started about 84 minutes before the start
of the flare.

The second PCA, with a maximum absorption of 5 db, occurred on
June 22, 2 hours 24 minutes after a flare with importance 2 at 0236 UT.

This flare was accampanied by a major burst at 3000 Mc/s.

FOSSIRLE FIANES ASSOCIATED WITH THE MAJOR RZ BURST
AT 3000 Mc/s ON 27 JUMB 1957 VITM THE RP ACTIVITY FRON THE TWO REGIONS

[ — YO e B ’ .

Date [Start pur. ex. Posttion Imp. | £ Btart Peax  Min. Fim at  lven  [pg. | Plags wilgen  oreen.| Aree a1 2
19 | 1609 o 2 2800 1609 1610 10,0 2325  <2.6 | Veak umr r L R
ag 02% 2 210.2 '.2'5 {'{Z 2 000 @31 02384 203 570 2.6 |5.0. ho2h 12017 18073 |<1035 P Ay 35
27 | 2322 36 2335 X0 W62 1 3000 2408 25415 25.0 S0k My %o 2% o (a¢) -
27% | 2330 2 | 5 1 2408 25415 25.0 SOv My ¥o 606 ¢ (Be) -
73 gn 275';' 03533 :.: u% 3: % o727 O MO 337 9.2 @.| ca1 8039 1243 18084 500 H ‘:f 18

30 195  0Bk0 MO W2 3¢ 3750 0632 0Bh3.1  25.0 763  +3.1
AS

# Plares provably responsible for the RF burst at 3000 Mc/s.
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The events on June 19 and June 22, have been classified as failures
(Table 3a), since the time of the RF peak intensity preceded the time of
the HX flare maximum,

The other flare at 2330 UT, also occurred in the large sunspot '
group which was the source of three flares with importance 2+ on June 28
at 0658, June 30 at 0124, and July 2 at 0705. None of these flares was
accompanied by major RF bursts or other outstanding events. The one on
July 3 with importance 3+ had two distinct phases, and was followed by
a large PCA event. This flare will be discussed in considerable detail below,
since the RF time history (Figure C-1) is typical of a number of events.
N-la THE MAJOR SOLAR EVENT ON 3 JULY 1957

The solar flare at Nli W4O on 3 July 1957 was reported by 17 ob-
servatories with maximum intensity times ranging from 0731 to 0750 and
between 0838 and 0847, N10 Wh2. This flare, like many others, has two dis-
tinct phases. Seven of the observatories reported two great flares, the
first with start times ranging from 0712 to 0728 and the second starting
between 0827 and 0836; four observatories reported only one flare starting
between 0714 and 0722 lasting until after 1109; six others only observed
part of the second phase of the flare.

The double phase showed up in the SWF with onsets at 0729 lasting
61 minutes with importance 2+, and at 0830 lasting 44 minutes with importance 3.

In the case of the RF emissions at centimeter wavelength, the two

phases were reported by Nagoya as seen on Figure C-l where the RF time
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history at 3750 Mc/s is plotted. This flare was followed by an important
PCA event with a maximum absorption of 9.2 db. The PCA was reported by

at least 15 observers based on fmin, Riometer, and the forward scatter

techniques. T T T T T T T T T T T T
- —
600 —
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FIGURE C—1 RF TIME HISTORY 3750 Mc/s 3 JULY 1957 FROM 0710 TO 0900 UT
WITH ASSOCIATED PHENOMENA FLARE IMP. 3 +, WITH DOUBLE
ASPECT FOLLOWED BY PCA STARTING BETWEEN 0815 AND 1100 UT

Reported times of Flare Maxime: 1 — Crimes ; 2 = Zurich; 3 — Ondregov; 4 - Capri F;
5 = Meudon, Fiare Imp. 3+ N1IW4O; 6 = Zurich, 7 = Crimes, 8 — Tachkent, Flore,
Imp. 3+, NTOW4O. m, Meon value

The fpnin increase, starting by 0800 UT in the northern hemisphere,
and by 0900 in the southern hemisphere, was probably caused by low energy
particles from the first phase of the flare with a delay time of approxi-
mately one hour.

The main phase observed by Riometer and the forward scatter tech-
nique started by 1000 UT must be related to the second phase of the flare
which started at about 0815 with maximum intensities reported at 0838, 08u4l,
and 0847 (Figure C-1). The major phase of the RF burst started at 0832 with

intensity peaks at 0837.5, 0843.1 and 0847, giving an RF peak-flare maximum
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delay time of 1.1 minutes if we use 0842 UT as the time of the flare maximum,
the mean value of the maxima reported by Tachkent, Crimee, and Zurich.
It is important to note that there is a one-to-one correspondence

between the time of the three RF peaks and the three different reported

flare maximum times.
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N-2 MAJOR RF EVENT ON 21 DECEMBER 1957

It is probable that this event does not meet the requirements for
this study. The peak RF flux of 556 flux units was reported by Tokyo at
3000 Mc/s, while Nagoya reported only 41 and 180 flux units at 2000 and
3750 Mc/s respectively. The starting and peak flux times were within a
minute of each other at all three frequencies and the durations’ were only
3.0, 5.0, and 2.0 minutes, respectively.

The only flares reported within a reasonable time of the RF emig-
sions were from.three different regions on the sun at S15 E60, N25 E27, and
N17 W27. All three of these flares occurred in sunspot groups that during
disk passage attained a maximum area >500 millionths. Two had areas greater
than 500 millionths on flare deay.

As with our previous note (N-1) prior and subsequent activity of

the regions associated with the flares leaves a choice unanswered. The
region associated with the flare at 2344 was followed on the 24th and 28th
by flares with large RF bursts, and a small PCA event on the 28th.

Similarly, the flare at 2349 was preceded and followed by flares
with large RF bursts and a sma.ll PCA on the 17th.

Data for the three flares and region activity is given in Table
N-2. An examination of these data strongly indicates that the major RF
burst at 3000 Mc/s on the 21st at 2345 UT should be associated with the
flare from sunspot group 12855, especially since this region was the source
of two major bursts at centimeter wavelength prior to the 21st.

PORSIKIE FIARES ASSOCIATED WITH THE MAJOR AP BURST
AT 3000 Mc/s ON 21 DECNGEN WITH RP ACTIVITY PN THE THRER KEQIONS

— - £ - T E. .
Stare - t1on £ sart  pex  win. Wiw ar | frig, | mage vidsw  orees Ares el s x
3R 2 235 5860 1 3000 235 2M63 5.0 5% R M M3 2208 1803 | M ¢ «p 15
2% 1B 2%7  ES E7 1- 3000 2W5 2%6.3 5.0 5% »o 223 B 23
o221 13 X2 303 1 3000 o222 ®2.5 1.0 3N 35 & 12078 26M07
229 @ 2% m3V0 2 120 2% 2% 7.0 96 o Weak - 13’3’9 : % g
027  >79 e mS 3000 0143 ®32 70,0 U -2 o Bast
Z EHED DR R R B ERR e o o &3
- . X o

o3 oM mE LR o %R * .
9 1+ B 3 - Bo

22h0 52 22kk  R20 W 1 i& 2% g 6.0 9% -b} }990 o o b

® Flares provadly respomsidle for the RP buret at 3000 Mc/s on the 2lst.
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While the three flares in this case and the four flares in

Note 3, as well as the two flares in Note 1, were all small and no PCA

event would be anticipated, we have considered them in considerable detail
since there will be real time occasions when more than one major flare will
occur within a few minutes of each other in different solar regions with a
major RF burst. In addition to checking the other solar phenomena associated
with the regions, the previous activity in the regions may, under some con-
ditions, permit an early evaluation of the importance of the region as part

of the warning criteria,
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N-3 THE MAJOR RF EVENT ON 22 DECEMBER 1957
This event is quite similar to the event on the 21st discussed

in Note 2. In this case we have four subflares occurring simultaneously
at O438 UT in four different regions on the sun at N17.5, S25.5, $15.3,
and S17. Three of these flares occurred in sunspot group with an area

> 500 millionths on flare day while one occurred in a very small sunspot
group. However, the flare at N18 W26 occurred in a region that produced
four flares prior to O437 UT on the 22nd, and four flares after that time
all with radio emissions greater than 500 flux units. The region was also
the source of a flare of importance 2+ on the 17th that was followed by a

weak PCA event (Table N3).

TARLE W3

POBSIBIZ FLARES ASSOCIATED WITH THE AY BURST
AT 3000 Mc/s ON 22 DECDEER VITH RF ACTIVITY FRON THE FOUR REGIONS

DateStart  Dur, Max. Position Iap. | £ Start Peax  Min. Flw gt | oA r_w__m__ Arge ol o, &
12/13 »9 0k MSEO 1 000 153 @ o=R 700 L0 2.0 %o ‘| Bast Limb
/iv o7k 150 0737 W20 Bkl 2+ 120  o73% ol 15.0 626 4.0 | Veak 7% 3 ¥ 18
20| o543 23 O3hS  N16 200 1 3000  Oshh.3  OSM3.5 b0 63 0.5 1219 3 AT 21
21 [ 239 % 2618 W7 w2t 1 3000 23S 2346.3 5.0 5% 46,0 103 |3 A¥ 18
. ‘obsv 28 oM2 K18 W26 1- 3000 037 Oh39 7.0 505 =3.0 Mah 12855 18398 5
2 [l1022 39 1% K9 w8 1+ 2980 1028 103 65 582 3.0 990 3 4
2o 32 2zik =0 v; 1 o m% @ 260 > Aot
23 j1002% 215 009 W 1 3000 [ » o =3
11636 B 1o MmBWs - 2980 1 - w0 6@ {9&9 z AY
22 [loe37 2% @y 827EX 1 2000  0232.7 0235.3 150 S k.7
- mge s ob;g s21 m6 1- 3000  ON37 oh39 7.0 %5 0 M9 12869 18607 933 J a 28
29 ok38 7 ok S0V 1 3000 0k37 039 7.0 %05 A313 12051 28395 o M
2qoh39 25 oM3 s26Ba 1- | 300 o7 o9 7O 505 b a2 12679 182 s ¢ PP

As in the previous event, we have tabulated the important activity
associated with the four regions, together with characteristics of the regions
for the days of the associated activity. In this case, unlike the previous

one, we can associate the flare at N18 W26 with the RF burst with reasonable

.confidence.
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N-4 THE RF EVENT ON 23 DECEMBER 1957

The flare with importance 1 which started before 0025 UT at N18
W38 is probably associated with the RF ‘pu.rst which sta.rted at 0024.5 while
the RF vburst at 0038 may be associated with the importance 2 flare starting

at 0038. With this possibility, this event may be broken down as follows:

|§ FLARE Peak
tart Dur. Max. Position Im:p. f Start Max. Dur. Flux At

0025 15 0029 N18 W38 1 3000 0024.5 0025.5 4 582 -3.5
3750 o0o02k.5 0025.5 2 123 3.5

P038 14 0039 N25 EkO 2 (2000 0038 0038.5 1 1% -0.5
3000 0038 0038.5 2 564 0.5
2

3750 0038  0038.4 90 0.6

The flare at 0025 occurred in plage region 4314, the very active
region which has been analyzed as part of N-2 and N-3, was the source
of a weak PCA event on the 17th, while the flare at 0038 occurred in plage
4321 which was the source of a weak PCA event on the 28th (Table N-2).

We have discussed the four events in ’scme detail since they illﬁ.s-
trate the problem that will arise when more than one minor flare is observed
at approximately the same time from different regions on the sun.

We have two examples of large magnetically complex sunspot groups,
in large, bright, and flare production plage regions that did not produce &

single major flare during disk passage, although the spots could be clasgified
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as radio noisy (at centimeter wavelengths) during disk passage. None of the
events were outstanding and the reported durations of the RF bursts were less
than ten minutes in all but two of the thirteen events.,

In the case of plage regions 4314 we have not included two events,
one with a flare of importance 2+ starting at 1245 UT on the 1llith where
neither the times of flare maximum or RF peak intensity were reported. This
event occurred at sunrise at 2800 Mc/s and a peak of 1000 flux units was
reported. The other event was reported by Nederhorst at 2980 Mc/s starting
at 0917 UT on the 19th lasting for 21 minutes with a peak of 632 flux units.
Meudon reported an importance 1+ flare starting at 0915 lasting one hour,

again neither the time of flare maximum or RF peak intensity was reported.
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During the period fram 1615 through 1728 five observatories reported

& flare in the SE quadrant as shown below:

Sac Peak 1615 1815 1635 518 E70 2

USNRL 1619 1658 1628 S18 E70 2+ &
Schaunsland 1631 1820 == S17 E66 1+ |
USNL 1656 1837 1711 S21 E70 2+

Ondrejov 1728 1745 <= 820 E63 2+ !
Capri F 1626 1700 1700 N18 W71 2

Capri F reported another
flare of importance 2 in the NW quad-
rant. When these data are compared
with the RF flux data reported by
HHI and Ott, it is evident that the
flare had two distinct phases, one
starting at 1615 with a maximum be-
tween 1628 and 1635. The other
starting at 1656 with maximum at
1711. A plot of the RF emission
at 2800 is shown below, where it is
seen that bursts starting at 1614,

1655, and 1718 with max event 1623,
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1710, and 1723.5 were superposed on a long duration gradual rise and fall.

Thus, the data given for this event should be considered as follows:



Report No. 00.882

Page 33
Flare Flare Dur. Peak:
Start  Max. | Freq,  Start  Min,  Max. Flux At
1615 1628 1500 1618 1623.5 62 -4.5
2000 | 1615 1623.0 172 «5.0
2800 = 161k b1 1623 35 | -5.0
3000 1617 1622.3 586 6.7
1656 1711 1500 1710 150
2000 1710 300 -1.0
2800 1655 23 1710 360
3000 Not recorded
1728 Not 1500 - 1723.4 550
reported
2000 1723 222
2800 1718 22 1723.5 255

The times and peak values of maximum RF flux given here (for 1500,
2000, amd 3000 Mc/s) were taken fram the Heinrich Hertz Institute catalog
of notable solar events during the IGY. The data for 2800 Mc/s was obtained
from the original records.

This event, as well as several of those that we will discuss later,
emphasizes the necessity for a reliable flare time history that will record
the fluctuations in the brightening of the HO( flare with a reliability

camparable to the RF time histories.
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N-6_ . RF EVENT ON 26 June 1958

| In this case, we have questioned the flare-RF association, or

the values for At. The RF emission indicates two distinct phases--the
first of short duration with a peak flux very early in the development of
the fla.ré. The second phase which starts at 0255 has péaks at 0300, 0307.8,
and 0316 for the 3750 Mc/s emission, and 0302.5, 0310 and 0316.2 at

2000 Mc/s.

This is also one of the many cases we found where the peak flux
reported at 3000 Mc/s by Tokyo is very much greater than that reported at
the other centimeter wavelengths. Thus, if we had restricted our choices to
the Nagoya or Ottawa data, this event would not have been included. The
event was not included in our statistical study since the time of the RF

peak and flare maximum is ambiguous.
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N7 THE MAJOR RF EVENT 20 AUGUST 1958

This major RF burst at centimeter wavelength and the importance
24 flare occurred near the central meridian starting at 0042 UT, has generally
been considered to be the source of the PCA event on the 21st with an absorp-
tion of 3.0 db. The PCA started sometime between 1400 and 1730 UT and if
this association is correct, we have a time delay of more than 37 hours
which makes this event almost unique. The only other PCA with a possible
long delay was a very small event with an absorption of only 0.5 db. on
12 September 1957 starting sometime between 0200 and 2315 UT, more than
23 hours after an importance 3 flare at 0236 UT on the llth at the central
meridien,

The flare at OO42 on 20 August occurred in a large, bright plage
in its third rotation and a sunspot group, which on flare day had an area of
1381 millionths, a Zurich classification E, and a ﬁb’ magnetic classification.
Although the plage was the source of 60 flares during disk passage, there had
been no outstanding solar events prior to this flare. However, the region
was the source of flares of importance 3 . on the 22nd and the 26th with
great bursts at centimeter wavelengths. The flare on the 22nd was followed,
within approximately ninety minutes by a PCA event with an absorption of 10.6
db, while the flare on the 26th with a very great burst at centimeter wave-
lengths was followed within one hour by a very large PCA with an absorption
of 16.6 db.

It is possible that one of the seven minor flares that occurred in
this region between 0042 and 1617 UT on the 20th may have influenced the PCA

event; however, none of these minor flares was associated with other phenamena
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that might indicate that protons were ejected from the sun. There was no
RF activity at centimeter wavelengths and only moderate burst at meter
wavelengths.

Similarly, the flare occurred during a magnetically quiet period
with no three hour kp greater than 3+ the day before the flare, or greater
than 2 on flare day or the day following.

The PCA was observed by

Riometers and in the ionosonde

150
data with no indication of an 1

onset before 1400 UT on the 21st. , mt AE - \/A __ s,
Consequently, this is an event é 0 '2' . i--—‘”ﬁ%

that must be considered as a 0: ‘_J*: t - R
failure with no reliable explana- oo @ % wa —

FIGURE A-2 RF TIME HISTORY, AUGUST 20, 1958, 3750 Mc 's, FROM 0040 TO 0052 UT
SHOWING RELATED PHENOMENON

tion at this time.

The RF time history at
3750 Mc/s (Figure A-2) shows a very
rapid rise to a peak of 1450 flux units in less than a minute and had dropped
to nearly background flux within five minutes. The time of the RF peak in-
tensity at OOU2.4, 0043.3, and OO4l at 3750, 3000, and 2000 Mc/s preceded
the reported times of flare maximum by 3.6, 0.6, and 0.0 minutes, respectively,
or 1.6 minutes if we use a mean value. Lopez, et.al., calculated an integrated
RF energy of 15 x 10-18 J(m2c/s)~1 which according to interpretation would

predict a particle flux >10° with energies greater than 30 Mev.
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N-8 THE MAJOR RF BURST ON 28 AUGUST 1958

The association of the centimeter RF bursts with the flare at

1025 based on data gives in the JAU bulletin gives a value of At of +9

as shown in Table 1.

However, three flares in three different regions of

the sun (McMath plages 4710, 4712, and 4722) occur within a few minutes

of each other.
return of the region 4659 which
was the source of an importance
3 flare on July 29, followed by
a PCA with an absorption of 3
db. An examination of the
graphical representation of

the RF emissions at 1500, 2000,
and 3000 Mc/s (Figure A-3) fram
the original HHI records (refer-
ence 24) makes the flare - RF

emission reasonably certain.

The plages 4710 and 4712 are considered by McMath to be a

ahN ,\ -+ 2000 Mc/s

L i 1210

V=

I3

FIGURE A-3 IF “ﬂl HISTORY, AUGUST 20, 1958 AT 1500, 2000, AND 3000
/s NORMALIZED FLUX WITH THREE POSSISLE FLARES,

L. Floce tmp. 24, S18 W67, Copetown, and

1 PENE B 1 P B 1 N 1 2 1 A
1010 020 100 1040 10 % 1100 ni nuo nx

2. Flore Imp. 1, 509 X, Urele md Weodors
3. Flors lop. 13, suvn,"c o

Peak
Start Dur., Max. Position Imp, Plage f Start Max. Dur. Flux At
1025 20 1030 S18 wéh 2+ 4712 | 1500 1008.5 1028 20.5 207 <=2
1029 1030 9.0 182
1028 19 1030 S10E38 1 Y722
2000 1019 o 5 1028 . 3 9 . 5 -
1030.1 9.0 -
3000 1019 1028.3 10.0 250 =1.7|
1029 1030 8.0 350 O
1032 98 1043 S1k W90 1+ 4710 |1500 1038 1039.3 23.0 215
2000 1038 1039.3 17.0
3000 1037 1039.2 18.0 573 -3.8
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The first two peaks (or maybe only the first peak) can be associated
with either or 5oth of the flares that start at 1028 or earlier, while the
third peak is clearly associated with the importance 1+ flare starting at
1032,

The flares at 1025 or 1028 do not meet our requirement of a peak
flux 2500 flux units and should not be included. The flare at 1032 would

change the value of At from +9.0 (a failure) to =3.8 (a success).

N-9 GREAT RF BURSTS ON 14 SEPTEMBER 1958

The flare starting at 0822 with maximum at 0835 may have had a
second meximum at 0900. However, it is not possible to evaluate the relia=-
bility of the flare-RF maxime peak time difference since we do not have the
HHI original records at 1500, 2000, and 3000 Mc/s. The HHI tabulated data

in reference 24 show peaks as follows:

f Start Peaks End

1500 | 0833 0835.3 0858.2 090L 0959
2000 | 0832 08344 0857.5 0904 1036
3000 | 0830 0834.7 0858 0904 0939

This event could be classified as a questionable At and again

emphasizes the requirements for reliable original data.
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N-10 MAJOR SOLAR EVEﬁTS DURING MARC& AND APRIL 1960 v

The flare on March 28 at 2042 occurred in a large complex sunspot
group, (maximum area 1650 millionths of the solar hemisphere) which formed
on the visible disk (Mt. Wilson No. 14778) on March 26 at approximately
E65. This was the fourth flare from the sunspot group. The first three
flares also occurred on the 28th at 0555, E4S; 1453, ELO; and 1634, Ell;
all of importance 1. The flares events 147, 148, 149, and 150 (Table 1,
reference 11) importances 2+, 2, 2, and 2, all occurred in this sunspot
group as well as the importance 3 flare on April 1. Four of these flares

have been associated with PCA events as shown below.

TABIZ ¥10
THE MAJOR XF EVENTS MARCH 28 THROUGH APRIL 5, 1960
Yo T — m.) YorTr
o= = T Weart by, Viwr gt [Guer @ 4T | W bere |
W6 | 328 2002 E37 2 2057 2050{2800 2047.7 2055 TS0 -1 zr
2102, 217 885 a1
w7 | 3/29 osko B3 2 (0s36) 2000 0655 0733.8 49000 +23.% as
M0 085 oTis &.so v2d.s | 29/080 2.6 1%
160
W8 {3/ 155 n3 H 1529 1526 | 2800 1518 1877 60 <13 |35/000
hfoL 0843 v 3 {oR18) 1500 :tshsg o ‘oo - »o o
2 429 h
pros vy by o /1000 3.6 1M7”
Wy | k03 om7 ¥13 2 Mo cbeerv. |2000 0306 0310.5 400 6.5
350 0306 0310.6 1300 6.k |00 TVPoTted 1500
150 4/05 ¢ @13 w2 2 o152 0207 | 2000 0140 0206.1 1230 a
3000 Q152 0202,7 2400 t Oh/Ok0O 3.1 3hS
3750 oo .3 6000 510

®3x107%(a2c/s)! @8 Estimated  #5% Mmber in Table 1, reference

The event on 28 March shows all of the characteristics generally
associated with a solar flare, which after a few hours would be followed
by a solar proton event in the vicinity of the earth. The Type IV emission

covered the entire frequency range from 3000 to 60 Mc/s, lasting for more
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than four hours, and was still in progress at sunset at Fort Davis. No

PCA event was observed or reported.

However, the flare was followed approxi-

mately nine hours later by another large solar flare at 0640 on the 29th

(Event 147) with very great bursts at centimeter wavelengths, a ma jor SWF

and probably Type IV continuum and 1P2o® later by a PCA which Bailey describes

as a "rather curious" event.

—

-24%0

SR f—
W ) S ;

0 :—_A_Z i_,é; I“l'z 1 ‘

I L I " i i

FLUX UMITS

0305 0310 0315 0320

FIGURE D-3 RF TIME MSTORY 2000 AND 750 Me/s 3 APRIL 1968
1305 - 1220 UT; SWF AT 0308, FLARI AT N12w3),

I 2
2040 L 2100 10 2 X L] 2|$)

FIGURE A-4 RF TIME HISTORY 28 MARCH 1960, AT 2600 Mc /s, SHOWING RELATED
PHENOMENA AND PLARE MAXIMA

Report tires of Flare Maximo and Position: 1 — Sac Pl sk, N11 E39; 2 - Honoluly, N18 E34
J-M.enVulw

The RF time histories
for the two events are shown on
Figures A-lU (2800 Mc/s on the
28th) and Figure C2 (3750 Mc/s
on the 29th). Both events show
a rapid increase in flux within

a few minutes after the start of

r

\_=
~=-

.2+ ‘
o 3
' ! 4 1 ' A A 1 L 1 A A L l A | A 1 -
[ ] 0700 0 20 E) © ] N
FIGURE C-2 lf M .SYM' 3750 Me/s 29 MARCH 1964, 0548 TO 8220 UY
LATED PHOMEMOMA AND FLARE MAXIMA

Reportad timos of flare maximer 1-Alma - Alte; 2-Ondrojev end Meen Veive
3-Abettomani; 4 - Bohou
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" the flare s Wwith multiple RF pea.ks occurring at the times of the reported flare

maxima, while the major RF peaks occur approximately 21 and 24 minutes,
respectively, after the flare maxima (mean value of reported times). The

time history, at 2800 Mc/s » of the large PCA event on 30 March is shown on

Figure C3a. Again, we find the
1900 M </s _ same general characteristics with

the rapid rise to an early peak

preceding the reported flare
maximae, a decrease in flux, then

another rapid rise to the peak

flux followed by a post burst

1
|
|
|
|
]
1
|
|
)
i
!
1
|
t
'
!
!
|
!
l
)

1
3
]
]
3000 Me/s :
|
: increase, with the reported flare
i
" i maxima preceding the time of RF
1 '
1 1 i I 2 b | " 1

1 L
60 1700 ”®» wvae peak intensity.

FIGURE C-3b RF TIME HISTORY, 1500,2000, AND 3000
Me/s, 30 MARCH, 1960 1520 TO 1740 UT
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FIGURE C-3a RF TIME HISTORY, 2800 Mc/s, 30 MARCH 1960
1500 TO 1900 UT SHOWING RELATED PHENOMENA
AND FLARE MAXIMA,

¥ - Soc. Peok; 2 - Capri F, ond Meon Valye 3 _ H e
Imp. 2, N12 E13. Alse 4 - Soc. Peak, Imp‘.’.l, N24 .W'I.I onemx
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The time histories at 1500, 2000, and 3000 Mc/s show the complete time agree-
ment at the three frequencies 2000, 2800, and 3000 Mc/s, although there is
considerable differences in the intensity of the peak fluxes which in the
case of the three frequencies 1500, 2000, and 3000 Mc/s are expressed in
term of the quiet sun level.

The RF time history for 2000 and 3750 Mc/s on 3 April is shown on
Figure D-3. In this case the start of the flare was not observed and the
flare maximum may have occurred earlier than the reported time. However,
except for the very short duration of the burst (5 minutes), the general
shape of the curve is similar to the time history in Figure C-2.

In 6rder to complete the series of events we have included the RF
time history at 3750 Mc/s on YS Aprii 1960 (Figure D-5). Because of the long
time delay from the start of the RF emission until the flare was observed
by Kodaikanal with a reported time of flare maximum at 0245, this event
has not been included in the statistical study. Based on the relatior_a of the

RF time history to the SWF and the

spectral emissions of Type II and ol
Type IV, the flare probably started wl T i
sometime prior to 0140 UT. This gm. LN ez L
time history shows another example ;m- 5 \ — 3
of an anticipated PCA event with - -
a pre-maximum increase, followed .
by a rapid rise to peak flux and a .

(r) ) 0200 ) » ) © » TN
post maximum increase. wiveRsaL Tiwe

FIGURE D5 RF TIME HISTORY 3750 Mc/s 5 APRIL, 1960,0140 TO 0300 UT. WITH RELATED PHENOMENA
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Lopez, Bragg, and Modisette (reference 13) have calculated the
RF energy for four of the events as shown in Table N~10. The value for
the 3 April event was not given in reference 13. We have estimated the value

to be approximately 15 x 10-185 (mac/s)-l.



Report No. 00,882
Page L4k

N-11 THE VERY GREAT RF BURST ON 3 SEPTEMBER 1960

This event including a PCA which started approximately four
and one-half hours after the start of an importance 2+ flare at the east
limb was unique since it was followed by the only recorded case of an in-

creagse in radiation at ground

level from the east limb -

of the visible disk. The RF - yow L

emissions were outstanding at m:

all frequencies, ' The peak flux wl

at 3750 Mc/s was one of the high- L

est ever recorded at centimeter m' ]

wavelengths (exceeded by the f |

peak at 2000 Mc/s on March 29, | ;

1960, but was greater than the T i

peak at 3750 Mc/s on the 29th). T E\z

The RF flux at 3750 (Figure A-5) | o Euﬁ X :
started to increase slowly almost m? - I i w°;;‘
simultaneously with the start of "l 'ﬁ‘(g_l@ —

the flare. Approximtely 27 00 ) % owo 0 2 ) © Gr)

FIGURE A-5 RF TIME MISTORY 3750 Mc/s, SEPTEMBER 3, 1960 FROM 0030 TO 0150 UT SHOWING
RELATED PHENOMENA, AND FLARE MAXMA

Roported times of Flere Maxime: | — Lockheed; 2 — Heneluly; 3 - Mewn Velue
NISESD; 4 - Henolulv, N20 E34.

minutes later the flux in-
creased from slightly above
normal background to a peak of 12000 flux units in less than one minute,

decreasing to about 25% of the peak intensity in approximately five minutes,

and to nearly background by 0120 UT followed by a post burst increase some

ten minutes later.
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The time of RF peak intensity preceded the time of flare maximum
by 3.4 minutes thus becoming one of our failures., In other respects, this
event failed to follow any standard pattern: the slow increase to flare
maximum of approximately 30 minutes, with a similar slow initial increase

in the RF flux of about 26 minutes and the relatively'short duration of the

~main phase of about 10 minutes, The SWF and Type IV emission started during

the premaximum increase while the Type II emission occurred nearly simul-
taneously with the great burst phase of the 3750 Mc/s increase.

In addition to the PCA there was a small ground level effect,
and high energy solar protons were detected during rocket flights and by
Explorer VII. Explorer VII observed an increase in high energy particles

for more than five days.,
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N-12 THE GREAT RF EVENT ON 16 SEPTEMBER 1960

This great RF burst at 2800 Mc/s with a peak of 2000 flux units
started at 1702, approximately eight minutes before a flare of importance 1
was reported by Huancayo near the east limb of the sun. McMath also ob-
served the flare from 1723 to 1855 UT.

A major SWF with importance 3 starting at 1709 and lasting for 101
minutes was followed by a Type II burst at 1714 with importance 3 and a
Type IV burst at 1717. The Type IV burst with importance 3 lasted for 104
minutes and covered the entire spectrum range from 3500 to 25 Mc/s at Fort
Davis.

This event occurred in a large, bright plage with a large mag-
netically complex sunspot group which had a maximum area of 925 millionths
on the 19th (Greenwich daily data not available). This region crossed the
east limb on the l4th with bright loop prominence system (Bruzek, reference 2)
between 1720 and 2256 UT with a sub=-flare starting sometime before 1720 at
517 E90, a major SWF starting at 1620, and a very minor RF burst at 2800
Mc/s at 0703 lasting for six minutes. Bruzek also reports faint loop promi-
nences at the same position on the 15th.

The event on the 16th with the major burst at 2800 Mc/s has all
of the characteristics for a proton event (except possibly for the importance
of the flare). These include the pre-burst increase, the Type II preceding
the outstanding Type IV, and the major SWF. Also, the time of the RF peak
intensity follows the reported time of flare maximum by 32 minutes and the

RF burst energy of 185 x 10~18 g (mac/s)'l was calculated by Lopez, et.al.
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FIGURE A-6 RF TIME HISTORY 2800 Mc/s, SEPT. 16, 1960
SHOWING RELATED PHENUMENON
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(reference 13), which by their
criteiie. would indicate an event
of approximately lo8 protons with
energy > 30 Mev. These facts in-
dicate the event on 16 September as

& major false alarm since there is

no report in the literature of even
a small or weak PCA following this
event.

In addition, data from
Explorer VII* does not indicate any

injection of solar protons or in-

crease in counting rate above galactic

background during the periods from

10 September through early October when

the satellite was beyond approximately

south geographic latitude 47 or northern geographic latitude 50.

N-12a EVENT 26 SEPTEMBER 1960

The only other important solar event associated with this region

during disk passage was a flare of importance l+ ten days later near the

west limb,

The start of the flare was cbserved at 0525 on the 26th at S22 Wék.

The data for this event are summarized below:

* Lin, W, C., "Observation of Galactic and Solar Cosmic Rays from October 13,
1959 to February 17, 1961 with Explorer VII (Satellite 1959 Iota)," Thesis
partial fulfillment for MS degree, Dept. Physics & Astronomy, State Univ.

Iowa (Aug. 1961).
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Start Dur, Max. Imp. Position
Flare 0525 51 0539 1+ S22 W6k
SWF 0520 121 - 3+
Type IT | 0543 21 -— 2 ’
Type IV [<0554 >17 .- 1
1420 Mc/s| 0529 38.0 >139 Flux Units
3000 Mc/s| 0532 2.0 0545 1120 Flux Units
3750 Mc/s| 0525 40,0 0539 1680 Flux units
PCA 0900 w0t . 2 db.
The PCA on the 26th was observed:
Jenkins and Paghis at 0900 UT fmin
Jelly and Collins at 1200 UT  fpin
Kahle at 2300 UT Riometer

Kahle states that this is a doubtful event since the Ionosonde

starting 0800 the fpjn rise lasts for only a few hours.

This event was verified when a sounding rocket carrying nuclear

%0

emulsions and counter instruments
was fired on the 27th at 144l UT
fram Fort Churchill, Fichtel, et.

al.* report a proton flux at least

FLUX UNITS

25 times normal, in the energy in-

terval from 13 to 50 Mev.

The RF time history at

o~

3750 Mc/s for the event on the 26th

is shown on Figure D=6. The RF

UNIVERSAL TIME

FIGURED-6 RF TIME NISTORY 3750 Me. 5, 26 SEPT 1960 WITH RELATED PHENOMENA.

Reported Flore Maxime, | — Tochkent, end Mitoka;
2 - Crimes; 3 - Meen Volue

¥ Fichtel, C. E., et.al., September 26, 1960, Solar Cosmic Ray Event,
J. Geophys. Res., 67(10) (1962), 3669-3672.
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emission has & relatively slow rise for sbout ten minutes, then an extremely
rapid increase to the peak at 0539 UT. The second distinct peak at 0545

agrees with the time of peak intensity reported at 3000 Mc/s.
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N-13 THE PCA EVENT ON 10 SEPT‘_EMBER 1961

The PCA starting between 2000 and 2300 UT on 10 September 1961
was observed by Explorer XII at 2030 UT with a flux of 86 protons/cm2 with
energy greater than 23 Mev. Basler and Owren reported an onset at 2000 UT
based on ionosonde data from the south pole and Resolute Bay, also by Riometer
observation at Forﬁ Yukon and College.

The large RF burst at 2800 Mc/s starting at 1930 with a very rapid
rise in flux starting at 1945 is shown on Figure A~7. The major SWF and

Type II and Type IV events are associ-

900
ated with a bright west limb flare of i
importance 1, which started some=- s g
time before 1950 UT and was followed . 600 [~ :'
by the development of a loop promi- _? B E
%

nence of importance 3 at 2012 UT

n
:

g
3
L

g

!
-
i

lasting for more than two hours.

!
This flare occurred in a | i E "
large, very bright plage region in o: L v j l \
its second rotation and one of the 4 50 2000 0 20 3
largest sunspot groups to cross the
visible disk during 1961 (meximm "7 I MENE A st e o rou e

area 1350 millionths). Although this region did not produce a single major
flare it was the source of 69 minor flares.

The SWF at 1942, 10 cm burst at 1930, and spectral emission of
Type II at 1947 and Type IV at 1937, indicate that the flare started much
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earlier than the reported time of 1950 UT » brobably behind the west limb,
spreading to the visible part of the disk by 1950. Consequently, the
reported time for flare maximum is very questionable.

The Type IV emission at 1937 covered the frequency range from
3900 to 2100 Mc/s while Warwick reported a Type IV in the range from 41 to
21 Mc/s starting at 2013 UT and lasting for one hour and 41 minutes.
Warwick also reported a Type II starting at 1935 UT over his entire fre-

quency range of 41 to 7.6 Mc/s.
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N-14 THE MAJOR RF EVENT ON 30 JANUARY 1963

HHI reports a complex variation of intensity starting at 1322.5

UT with 13 peaks and a peak of 877 flux units at 1439.5; however, the major

burst lasted less than 10 minutes although the reported duration was given

&5 100 minutes. Ottawa repoi-ted a long duration gradual risé and fall in

flux starting at 1330 lasting for 450 minutes and a peak of only 11 flux

units at 1355 UT,

ONDRE JOV
tmp. 1

l HAUTE - PROVENCE ‘
imp. 1

LOCARNO
tmp. 2

*

‘I CAPETOWN
tmp. 1 ﬁ\
U | ) L) MU A N

s

Flux Units |

Start End

FIGURE A0 RF TIME HISTORY 1500 Mc/s, JANUARY 30, 1963 FROM 1300 TO 1500 UT SHOWMG

DIFFERENT FLARE TIMES REPORTED

~=— Indicates Beginning of the Flere Not Observed
=== Indicotes end of the Flare Not Observed

An examination of the RF
time history at 1500 Mc/s (Figure
A-8) indicates that the inclusion
of this event in our study is ques-
tionable and does not meet the re-
quirement for a PCA event. This
event was not included in our statise-

tical study.

The only flare that can be associated with the RF event was reported

by four observatories as indicated on the figure by four separate lines.

Only Capetown reported a flare maximum, which is probably questionable.
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N-15 THE ACTIVE SOLAR REGION 13 THROUGH 26 SEPTEMBER 1963

The largest and most active sunspot group crossed the visible
solar disk between 13 September and 26 September 1963. The group was the
source of 87 flares of importance 1. Seven of the flares were accompanied
by RF bursts with peak intensity 2 500 flux units at centimeter wavelengths.
There were two flares of importance 3 and two PCA's associated with this
outstanding solar region. The outstanding events during this period are

shown in Table N-15.

TABLE N15

FLARES, RF EMISSION AND PCA EVENTS
mmmmxwusmmxmm&

FLARE —_ WAJOR BURST AT cm WAVELENGIN
— e
Date | Start Dur. Max. Position Imp. b4 Start Peak Dur. Flux At Fig. PCA
9/1k | 2112 53 2123  N12 E72 1 2800 213 2144,5 7 550  +21.6 No
2202 19 2206 N ET 1 2000 2230 2235.5 12 1880  +29.5
15 { o015 124 ook2  N15 ET5 2 3750 0015 0028 650
0036.5 90 L4oo A-9
00494 8080
16 | 0325 172 ok22 N1 E57 3 3750  O419.5  0419.6 1.0 35 -2.4
1430 62 1503 N2 EW8 2 2| 1436.5 152} 318
1543 | 133.5 710 Db
18 12236 144 N12 E20 1 2000 2231 2327 130 1100
20 | 2314
2351 167 2403  N10 W09 2 3750 2350 2400.3 23 1400  Note
2429 2432.7 6 330 16 A-l0 4,6 dv
2500 2515.2 b5 5350
26 | 0638 186 0717  N13 W78 3 3750 0705 0716.2 35 180  -0.8 B-4 4.6 dy
o748 0749.3 15 200

The Major Burst on li September at 2115

The first major event occurred on 1l September at 2115 UT near
the east limb (N12 E72). The flare of importance 1 was accompanied by
an RF burst at 2800 Mc/s starting at 2134 UT with a peak of 550 flux
units 12.5 minutes after the flare maximum. This event was followed within
an hour by a great burst at 2000 Mc/s starting at 2230, approximately 28
minutes after an importance 1 flare and at about the reported time of the

end of the flare. There was a rapid rise in less than two minutes to a
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peak of about 480 flux units with a second sharp rise starting at 2233.3

to the peak of 1880 flux units at 2235.5 followed by a post burst increase.
No SWF or spectral emissions were reported at the time of the flare or during
the RF emission. Nagoya reports that there was no outstanding burst at 3750
or 9400 Mc/s. Ottawa reported unusual activity between 2106 and 2240 UT
superposed on a gradual rise and fall in flux. The flux increase started

at 2143 with a peak of 330 flux units by 2144 .5,

The Great Burst on September 15 at 0015 UT

An importance 2 flare and a great burst at 3750 Mc/s started at
0015 UT. The RF burst reached a peak of 8080 flux units by 0049.4k UT, as

shown on Figure A-9.

This great burst at 3750 -
Mc/s on the 15th shows all of the ool -
characteristics of an event associ- ::- :
ated with a PCA. The flare was so00 |- e i
reported by four observatories as 5:: N : \.,:F = s -
indicated on the figure. Lockheed ol ' ‘L ‘ M ]
rezcrted the start of the flare at - ' m%
0015 UT and ending sometime after U r,i'.:"ﬁr R nl

mum ranged from 0027 to 0042 UT.
Since the time of the RF peak intensity follows the reported time of flare
maximum, we have a false alarm since no PCA event was reported.

A comparison of the time of the different RF peaks and reported
flare maxima shows a good correlation between the first three RF peaks and

the flare maxima reported by Tkomasan, Manila, and Lockheed, while the
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maximum reported by Honolulu is followed by a rapid rise of the RF flux

to the peak at 00k9.lt UT.
The Importance 3 Flare on 16 September at 0325 UT

A flare of importance 3 was reported by four observatories starting
at 0325 UT lasting for 172 minutes. No dynamic spectrum activity was re-
ported although Sydney was observing, and no emissions were reported at
single frequencies except of very minor bursts reported by Nagoya at 2000,
3750, and 9400 Mc/s (55, 35, and 110 flux units respectively).

The Large RF Burst at 1436 on September 16

The RF burst at 2800 Mc/s

started at 1436 approximately six
minutes after an importance 2
flare which was observed by four 1 a
observatories with several reported - H s

times of flare maximum as shown on

FLUX UNITS
v
°o
~
-
3
&
&

Figure D-4, This flare was pre-
ceded by an importance 2 flare

starting sometime before 1330 and

was still in progress when the 10 1 et we o
FIGURE D-4, RF TIAE MISTORY 2000 Mc/s 16 SEPTRMBER 1963, 1300 YO 1708 UT.,
SHOWMING POSSISLE PLARES AND RELATED PHENOMENA

flare at 1430 started. No dynamic Flare ond Reportd st
NI12 E0, imp. 2 1. Orews, Copetown, Bucherest, end Kiev Koy
2. Sec. Posk; 3 Horstmoncoux
NI2 ESO, Imp. 1; 4 Mchiath; 3 Sec. Posk, end Wendelatein
spectrum activity was reported. NISER, lop 38 Onows: 7 Locame; § Sac Pask; 9 Horsimancon
309 WOB, imp. 1; 14 Sec Posk; 1S Mclieth, end Ottews.
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The Very Complex Event at 2000 Mc/s on 18 September

No outstanding events were reported between the event on the
16th and late on the 18th when a very complex burst at 2000 Mc/s started
at 2231 UT approximately five minutes before an importance 1 flare was
reported. The 2000 Mc/s burst reached a peak of 1100 flux units nearly
an hour after the start of the burst. This camplex burst was superposéd
on a long duration gradual rise and fall in flux. No SWF or activity in
the dynamic spectrum was reported, and at 3750 Mc/s the emission consisted
of a very small long enduring rise and fall in flux.

The Polar Cap Absorption on 21 September

Activity in the region was limited to minor flares until sometine
before 2314 on the 20th when a flare of importance 2 occurred at the central
meridian. Sacramento Peak reported a flare starting at 2314 ending é.f'ter
2453 with maxima at 2407 and 242k UT.

Lockheed reported a number of umusual features agsociated with the
flare including bright spraylike ejections and giant dark surges preceding
the flare with high speed disturbances during the flare.

Bailey (reference50) reports the PCA onset at 2400 while Basler
and Owren place the onset at 2420 based on McMurdo riometer data.

The major RF burst at 3750 Mc/s (Figure A-10) started at 2350 ur
with peak intensity at 2k00.3 and is probably associated with the PCA with
the onset between 2400 and 2420 UT. The very great burst at 3750 Mc/s (peak
intensity 5350 flux units at 2515.2) occurred more than an hour after the

PCA onset and nearly an hour after the flare maximum at 2424 yT reported by
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FIGURE A-10 THE RF TIME HISTORY AT 3750 Mc/s ON SEPTEMBER 20, 21, 1963 STARTING
AT 2350 UT. SHOWING RELATED PHENOMENON AND DIFFERENT REPORTED
TIMES OF FLARE MAXIMUM

Flare Maximum; 1 - Lockhesd; 2 - Soc Peok and Honoluly; 3 — Soc Peak;
4 - Flare at N19W04

Sacramento Peak. This burst may be associated with an importance 2 flare
reported by Irkutsk starting sometime before 0039 UT on the 2l1st with a
maximum at OO4S5 UT. The shapes of the RF burst at 2350 and 2500 are both
representative of events with spectral emissions of Type II and Type IV,
but no spectral emissions are reported at the time of the second burst.

The Great RF Burst and PCA Event on 26 September

The final event associated with this very active solar region
occurred on the 26th when the region was near the west limb of the sun.
A flare of importance 3 started at about 0638 UT with a very slow rise in
inténsity until about 0712. During the next 16 minutes ten different

times of maximum were reported as shown on Figure B-l.



A great SWF started at

about the same time as the RF burst.

No spectral observations were beirng
made at the time of this event,
but a Type IV burst probabdbly
occurred. It is seen from Figure
B-h that several of the reported
times of flare maximum coincided
with peaks of the RF burst. This
flare was followed within about an
hour by a PCA event with a maximum
absorption of 4,5 db.

It is important to note

that four of the five events that
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FIGURE B-4 RF TIME MISTORY AT 2000 AND 3750 Mc.'s 3¢ SEPTEMBER 1963, SHOWING
RELATED PHENOMENA AND FLARE MAXMA
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were not followed by a PCA are proba.bie false alarms while the two events

that were followed by PCA's are considered to be questionable successes.

In all of these cases the classification of the flares as PCA or non-PCA

events are critically dependent on the choice of the different times of

flare maximum or more probably the determination of the true time of flare

maximm,

brightness may be an important factor.

It is also possible that the time of rapid increase in flare
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k.0 FLARES OF IMPORTANCE 2 3 AND THE SUCCESS OR FAILURE OF THE FLARE-

RF TIME ASSOCIATION

The analysis of events in the previous section was devoted to
cases where the flare-~RF burst time relation was considered to be question-
able or the association of a major RF burst with a flare was not possible
with reasonable confidence. Most of the events were limited to flares of
importance < 3.

In our summary and general discussion we stated that the correlation
of most major flares (importance 2 3) with major RF bursts was possible
with a high degree of confidence. However, in a number of cases the choice
of the time of flare maximum and/or the associated RF peak intensity was not
always possible. The decision that the time of the RF peak flux followed
or preceded the time of the flare maximum is of major importance in our
statistical probability of success, failure, or false alarm as a part of a
warning system, and for establishing the flare-RF observational requirements.

With this problem in mind we have selected a number of events for
detailed analysis for which RF time histories were available.

We have chosen a very active region which contributed six events
during disk passage including a very large PCA, two large and one small
PCA that were statistical failures,and a major flare that was a statistical

false alarm
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‘4.1 ~ THE ACTIVE SOLAR REGION FROM 8 MAY THROUGH 21 MAY 1959

This 'regi'on. was qhosen for deta.iled a.nai_ysis as another example
of a large and very active region vwhich during diék passage was the source
of a number of major eveﬁts including three flares of importance 23,
three flares with very great, and two with large bursts at centimeter
wavelength. The region was also the source of one of the largest PCA
events observed during the 19th solar cycle. The plage was very large,
bright, and unusually flare productive, and contained three magnetically
camplex sunspot groups, one of which formed on the visible hemisphere on
the 16th, All of the major events except the importance 3 flare on the 1llth
were associated with the large, ﬂ)’ » 8pot which crossed the central meridian
on May 14 at 1900 UT.

TABLE M1

MAJOR SOLAR EVENTS FROM THE IARGE ACTIVE SOLAR REGION
WHICH CROSSED THE SOLAR DISK BETWENN 8 AND 21 MAY 1959

FLARE .4 ] = BT %

Date | Start o Position | Start  Imp. I v £ Start Flux ot Ares Class Type
o8 2252 2+ K23 86 2258 2 gs}g Probable 23%18 g; % ?o s | e Ar B
09 0123 3 %20 278 None rep. 1853 y.1) ]
10 2055 3+ X9 E47 210 3+ 2123 216 2800 2100 2500 + 1988 BY

2315 3 M9 E51 8/3+ 164/3 .
u 2006 3 momn |205 @3- 2020 2026 (2800 2010 900 6 w6 v

_ 19/3+ 18/3

13 ol57 2+ 226 |osun 2 g;ff 2275- 3750 0510 570  -0.9 |1952 -4 ]
Tlwm oy BB |® o2 i B B R
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Major Activity on 8 May 1959

The first outstanding activity in this region occurred on the
8th when a flare-of importance 2+ was observed at the east limb of the

sun accampanied by a very great burst

of short duration at 2000, 2800, and
3750 Mc/s of the impulsive type

(Figure D-7) without a post burst

increase. The event also included !

& moderate SWF, an importance 3 slow ' ’
drift burst (Type II) and a probable N
dynamic burst of Type IV. FIEARE T RE TISE RSTERT MR 7t AT, 190 DG RELATED PO tns

Reported Flare Maxime | - Versshilev,
2 - Sec. Pesk, m - Meen Valve

The Major Flare on 9 May 1959

This flare of importance 3 also occurred at the east limb of the
sun, was reported by Sydney only, lasted for more than 49 minutes. This
was an unusual mejor flare since it was not accompanied by a SWF, dynamic
spectra or emissions at centimeter wavelengths. However, there was almost
continuous flare activity at the limb between the time of the importance
2+ flare on the 8th and 0123 when this flare started with major bursts
at meter wavelengths.,

The Great PCA on 10 May 1959

During the 43 hours this region was the source of 18 flares with

importance < 2. Then at 2055 UT on the 10Oth a very great flare of importance

3+ lasting for more than five hours occurred at N19 E47., This flare was
accompanied by a great SWF lasting more then nine hours s & major RF burst

at 2800 Mc/s and both Type II and Type IV bursts in the dynamic spectrum,
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One of the largest PCA events recorded, started two hours after
the start of the flare and lasted for 15 days. We have chosen 2300 UT on
10 May as the PCA start time which is based on Riometer data at Thule. Others
have\reported times rangingto 0300 UT on £he 11lthe Ieinbach reports an onset
by 0130 on the 1llth with a.n initial rate of increase of absorptioﬁ of
3 db/hr. This event has been discussed in great detail in the literature
by many investigators. Lopez, et.al., have calculated and integrated RF energy
of 811x10~18 (m2c/s)~1 and Webber calculated a total flux of 9.6 x 108
protons with energy > 30 Mev. It is quite probable that the very long and
unusual duration of this PCA is in part due to the major events that followed
nearly 24 hours later on the 1lth., However s Leinbach reports that there is
no convincing evidence that the later events contributed any protons during
the life of this PCA.

The Major Flare on 1l May at 2006 UT

The flare on 11 May occurred at N10 latitude in the X sunspot
group which moved across the sun south of the group responsible for the
other events of this group. This group started out as a pair of spots,
developed into an extended cluster by 11 May, then the whole group died

out before reaching the west limb.
This flare and the related phenamena showed all of the character-

istics generally associated with a PCA flare as shown below, and probably
along with the events on the 13th and 17th was partly responsible for the
long duration and strength of the PCA that started on the 10th and lasted
for more than 15 days. The times of flare maxima at 2022 UT and 2034 UT

were reported by Lockheed and Sac Peak respectively, while the two large

* Leinbach, H., 'Interpretation of the Time Variations of Polar Cap
Absorption Associated with Solar Cosmic Ray Bombardment," Geophys.
Inst. Univ. Alaska, Sci. Rep. No. 3, UAG-R127 (May 1962), 230 pp.
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RF bursts at 2800 Mc/s occurred at 2022 and 2033 UT with peaks of 900 and
750 flux units respectively. Lopez, et.al., calculated an RF energy of 75 x

10-18 J(mec/s)‘l, indicating a proton flux of approximately 107 particles.

Start Duratioh Max., Imp. Position
Flare 2006 104 | 2022 3 N10 Ek1
| 2034
SWF 2015 67 - 3+
Type II 2020 19 - 3+
Type IV | 2028 18 - 3
2800 Me/s | 2010 4o ggggg ggg}mux wnite

The RF time history

shown on Figure D-2 is similar to
many of the events that were

followed by PCA's,

FLUX UNITS
]
1

o
T )
!
2
L
I FLARE 1%
N

oyl

21:00

FIGURE 0-2 RF TiE mmv 2000 Mc /s, 11 MAY, 1959,
2003 7O T SHOWING RELATED PHMHA L J
ANO ll'OlVlD TIMES OF FLARE MA.

Roperted times of fare maimer | - Lockhood; 2 - Soc, Posk;
3 =~ Mean Velve

The Major RF Events on 13 May at 0510 UT, 17 May at 0523 UT

and 0700 UT
We have grouped these three events together since they are similar

in many respects. Two of the RF events at 3750 and 2000 Mc/s were of the



TN

Report No. 00.882 i
Page 64

impulsive type (13 May at 0510 UT, and 17 May at 0705 UT) similar to the
event on the 8th (Figure D-7). The other event on the 17th with & peak of
3300 flux units at 0523 was also impulsive with a second peak of approxie-
mately 720 flux units at 0529 followed by a post burst increase. The event
on the 13th included spectral bursts of Type II and IV starting two and
eleven minutes respectively after the time of flare maximum,

Another impulsive event occurred on the 18th at 0403 lasting
three minutes with a peak of 1750 flux units. This event may have origi-
nated in this very active region. However, there was no flare patrol between
0150 and 0430 UT and an association would be unrealistic. As stated
earlier, the RF events on the 1lth, 13th, 17th, and 18th may have contributed
to the very long duration of the PCA on the 10th, although as we stated earlier
Leinbach (loc.cit.) reports that he cannot find any indications of changes

in the absorption that could be attributed to these later events.
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4.2 COMPARISON OF THREE PCA FAILURES AND ONE FALSE ALARM

During the statistical study of the flare-RF time relation for
events associated with flares of importance 2 3 followed by a basic PCA
event we found eight events where the flare and RF data were considered
to be reliable and the time of the RF peak flux preceded the time of the
flare maximum (Table 2a).

RF time histories were obtained for three of these events:
10 July 1959; 6 May 1960; and 28 September 1961. These events are dis-
cussed in considerable detail below.

There were four cases (Table 2c) where flares of importa.nce) 3
that were not followed by a known PCA event, and the time of the RF peak
intensity followed the reported times of flare maximum thus classifying the

events as false alarms. The RF peak intensity was less than 500 flux units

at centimeter wavelengths in all four cases. The RF time history was obtained

for the event on 7 August 1958.
The Large PCA Event on 10 July 1959

The event on July 10 was the first of a series of three large PCA
events from importance 3+ flares. The other two events occurred on the
1%h at 0325, and the 16th at 211k,

These flares occurred in a large magnetically complex ( spot that

crossed the solar disk between 8 and 21 July. The sunspot areas on flare

days were 1053, 1314, and 1775 millionths of the solar hemisphere respectively.

TN S e T

The spot was also the source of two importance 3 flares ,» one on the 13th with
strong SWF and minor RF bursts and a reported time of flare maximum 75 minutes
after the start of the flare, the other on the 16th approximately six hours

before the importance 3+ flare which has been associated with the third PCA

in this group.
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Two importance 3+ flares occurred on the 10th, the first and
probable source of the PCA protons,occurred at 0206 at N20 E63, approxi-
mately two hours before the reported start of the PCA. The other occurred
at 0539 UT nearly two hours after the PCA start (Leinbach uses 0200 UT as
the PCA onset time based on Riometer records at Thule. Hakura and Goh
report solar protons over Russia by 0500 UT based on Ionpsonde date while
balloon observations at College, Alasgks, show no increase in flux between
0210 and 0330 on the 10th.,)

The flare at 0206 UT was accompanied by an intense SWF starting
at 0200, a spectral Type II at 0222 and a probable Type IV at 0223. The
very great RF emissions at 2000, 3000, and 3750 Mc/s started with a complex
rise during the first ten minutes followed by a fast rise to a peek of 6300
flux units at 0224 and a second peak of nearly 5000 flux units at 0236

(Figure B-l1). Two of the observatories

7000 T T T T T T

reported flare maximum at 0222 and
0236, the third (Alma alta) gave the 00
maximum at 0308 but did not observe
the flare until 0257. If we use the
average of the two earlier maxima,

we have the time of RF peak pre-

0510

ceding the time of flare maximum
by six minutes. On the other hand,

we see that the reported maximum at 1w

0222 UT precedes the the time of RF

: !
10 20 30 40 50 10
peak intensity by two minutes, while 0@ UNIVERSAL TIME 03:00

FIGURE B-1 RF TIME HISTORY 3750 Mc 's JULY 10, 1959, 0200 TO 0310 UT. SHOWING
-the time Of the Second fme mmm RELATED PHENOMENON AND DIFFERENT TIMES OF FLARE MAXIMUM

1 = Tachkent, 2 -~ Sydney, and 3 - Alma Alto
4 - Average Time.
PCA Starts at 0400 UT
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precedes the second RF peak by a few tenths of a minutes. We have again
encountered the problem of real time of the flare maximum which in this
case can change our assumed (statistical) failure into a success.

In meny respects the general shape of the RF curves, at 3750 Mc/s
on Figure B-1 and at 2800 Mc/s on Figure B2 are quite similar.

The large PCA Event on 6 May 1960

The PCA on 6 May 1960 at 1600 UT followed an importance 3+ flare
that started at 1LO4 UT at the central meridian. The PCA increased at an
extremely slow rate during the first 3% hours of the event, reached a
maximum absorption of 16 db at 0422 UT on 8 May.

The flare at SO09 EOl was reported by a large number of observatories
and time of flare maximum ranged from 1435 to 1515 UT. Honolulu observed
the flare from 1744 to 2008 UT and reported it with importance 1 at 1846

The RF time history at 2800

Mc/s is shown on Figure B-2 where we

TT'I""']'I'l'l'l'l'l']'"lll']TI

-
have also shown the flare, reported L

times of maxima and related phenomena.
As in several other cases we have studied

at least three and possibly four of the ; |

3
: wf

[ TR S

times of flare maxima occur’ within . X LT ey - -
less than a minute of the RF peaks. I : - ; :
. 100 |- h '; 23 4! %

Since the time of the RF peak | b frw ZITE7 Y e

flux preceded the time of the flare e v e ww e % e w

FIGURE -2 RF TIME HISTORY 2000 Mc s, MAY 6, 1960, 1330 TO 1430 UT, WITH FLARE AND OTHER DATA

maximum by 5, 5 minutes if we use the Repeted flare maximom |- Ucle, 2 - S Peok, 3~ Horsmancous, 4 - Lockhond, 5 - Hoon
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meaﬁ time of 1440 UT or by 0.5 minutes if we use the time reported by Uccle,
the event is classified as a failure in our statistical analysis. On the
other hand, the shape of the RF curve is typical of events ass_c;ciated with
spectral Type II and Type IV and PCA events. We have another case where a
two or threé minute error in the reported time of flare maximum can change
the event from a failure to a success.

The PCA-flare on May 6 occurred in an ol P spot which was the
source of only 14 flares during disk passage, twelve minor flares before
and one minor flare after the PCA-flare.

It is interesting to note that this PCA started about an hour before
the start of a moderately severe magnetic storm sudden commencement which
reached a maximum planetary three hours kp of 7+ between 2100 and 2400 UT
on the 6th.

This storm had followed an importance 3 flare at the west limb at
1000 UT on the 4th and a PCA that started by 1030 UT which reached a maximum
absorption of 3.4 db (Leinbach reports a maximum absorption of 5 db) between
1145 and 1230 UT on the 4th. The May 4 PCA was observed by 1030 at sea
level with an increase of 300% at Deep River,

The Small PCA Event on 28 September 1961

The importance 3 flare responsible for the small PCA on 28 September
at 2245 occurred at N13 E29 in a small, moderately bright plage region and
/3 type sunspot group that during disk passage produced 17 minor flares,
13 before and 4 after the flare at 2202 UT on the 28th. The flare was
accompanied by an intense SWF starting 16 minutes after the start of the
flare, major solar spectral emissions of Type II and Type IV and major-RF
bursts at 2000, 2800, and 3750 Mc/s. The RF burst of the impulsive type

at 3750 Mc/s is shown on Figure B-3.



T W TN T T T e e

Report No. 00.882
Page 69

The two reported times of flare maximum follow the time of the

RF peak by 4.7 and 6.7 minutes respectively. Hence, this event is a failure.

The maximm intensity of the flare - e

occurred at 2223 UT, 21 minutes o0

after the flare was first observed :: ' ]

and 10 minutes after the start of the _ r . .

RF burst and 8 minutes after the x-ray i ': E s o l

burst. : o L ""”’:-"’m-m ] i
Maxwell (reference 49 ) wp Lz ) ‘E \if \j“f‘; :

has investigated the flare-RF I » ® “ » |

association for this event. He T R S R T e

found that although there was no

explosive or flash phase for this

flare, there was a rapid rise in the Ho emission between 2211 and 2213, at
approximately the time of the x-ray burst (2214-2216), RF emission at
centimeter wavelengths (2211), spectral emissions Type II (2217), Type IV
(2212), and the SWF (2218).

Maxwell concludes that the time of the flare maximum intensity
may not be the imforta.nt parameter but that the period of rapid increase
in Ho{ emission, in this case, during the period 2211-2213 was the period
of the major energy release and particle acceleration. This phenomena
should be thoroughly investigated. On the other hand, none of the Ll
flares during 1961-1963 investigated by Davies and Domnelly*, with an explo-
sive phase, were associated with major RF bursts at centimeter wavelengths .
or were flares with an importance > 3, or were followed by a polar cap

absorption.,

* Davies, K., and R. F. Donnelly, "An Ionospheric Phenomenon Associated with
Explosive Solar Flares, " J. Geophys. Res. 71(11) (1966), 2843-2845.



Report No. 00.882
Page 70

This PCA which started sometime between 2245 and 2335 UT (by ‘
2300 UT at Thule) was observed by Injun I and Explorer XII satellites
and in balloon dats from Flin Flon, Canada.

The plage region associated with this event is in its third
rotation across the visible disk and is the return of a large, bright, and
flare productive plage that crossed the ﬂsible disk between 28 August and
10 September,a region that was the source of an importance 1l flare at the
west limb on lOr8eptember, which was accompanied by an intense SWF, solar
spectral bursts of Type II and Type IV, and & major burst at 2800 Mc/s.

The flare was followed by a PCA sometime between 2000 and 2300 UT with a
maxioam absorption of 2.9 db. This event was also considered a statistical
failure since the time of the RF peak preceded the time of the flare maximum
by nine minutes.

Again, we have a situation which casts doubt on the reported
times for the flare, The SWF started eight mimutes earlier than the
reported start of the flare, the Type IV, 13 minutes earlier and the RF
emission at 2800 Mc/s started 20 minutes before the flare. This suggests
that the true start and probably the maximum of the flare at the west limb

was not observed.

. The Major Solar Flare on 7 August 1958 - A Statistical False Alarm

Eight observatories report.the start of the flare between 1457
(Sac Peak) and 1503 (CapriS) with the time of H &« flare maximm ranging from
1505 (USN Obs.) and 1511 (Climax), while two observatories did not report
a time of maximum. Flare importances of 2 (1 case) 2+ (3 cases) and 3(4

cases) were reported. The McMath«Hulbert working list assigns the importance 3
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to the flare. Three observatories did UL
not observe the flare until after
1555 UT. The U. S. Naval Observatory
reported the flare ending at 1536
and a new flare of importance 1 start-

ing in the same location at 1544 UT

with a maximum at 1549 UT.

Figure D-1 shows the RF time

history (reference 24) at 1500, 2000,

and 3000 Mc/s reported by HHI with peaks

at 1503 and 1522 with a third minor

peak at 1548 UT. The largest peak of 75.00 o 20 3 40 5.5 1600

FIGURE D-1 RF TIME HISTORY, 1500, 2000, AND 3000 Mc/s 7 AUGUST 1958, 1500 TO 1600 UT
SHOWING RELATED PHENOMENA, AND REPORTED TIMES OF FLARE MAXIMA

216 flux units occurred at 1522 UT.
We have als0 ShOWN The SEVEIe 4=t Pes. Crames i oo o+ 2~ Béinburshi 3 - Ortove ond Mcklo;
short wave radio fadeout and the flare.
The earliest time of H o maximum was reported by the U. S. Naval Observatory
at 1505 UT while Climax reported a maximum at 1511 UT. Four others reported
maxima at 1508 (2 cases), 1509 and 1510. The U. S. Naval Observatory re-
ported a second maximum at 1549 UT. All but the last of these times of flare
maximum precede the time of the RF major peak thus giving us av statistical
false alarm.
RF emission was also observed by Ottawa at 2800 Mc/s with several
bursts superposed on a long enduring rise and fall in flux; the peaks at
1503 and 1522 UT are the same as the times reported by HHI at 2000 and

7

3000 MC/S.
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No Type II or Type IV spectral emissions were reported, although
Fort Davis was observing and reported Types I and III bursts.

The shape of the RF emissioncurve is in many respects similar to
others that have been discussed in Section 3.0. In particular the events:
5 June 1958, Figure A-1; 28 August 1959, Figure A-3; 30 January 1963,
Figure A-5; and 16 September 1963, Figure D-k,

The flare occurred in a large, complex sunspot group (Mt. Wilson
13434, Greenwich 18835) which on flare day had an area of 686 millionths
and a/37'magnetic classification with a field strength of 2300 gauss.

The sunspot group attained an area of 1150 millionths on the
14th, and was the source of an importance 3+ flare on the 16th at W50, which

was followed within one hour by a large PCA event with an absorption of

15 dv.
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