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J 1.0 SUMMARY
| This report summaries the various tasks and the results of the analyses
carried out under the subject contract (Ref. 2). The tasks set forth in the
contract proposal (Ref. 1) are given below with a brief summary of accomplish-
ments, problems conclusions, and recommendations.

The data, detailed analysis, and interpertations are presented in the
subsequent sections. Many of the data used during this study were given in

references 3, 4, 5, and 6, as well as sources listed.in those reports.

| 1.1 USE FLARE PATROL FILM TO COMPARE MULTI-PEAK RF EMISSIONS WITH
st POSSIBLE MULTI-MAXIMA FLARES.

Flares patfol films at the McMath-Hulbert and the Sacramento Peak Solar
Observatories were examined visually in a frame to frame search for brightness
fluctuations and other indications of flare intensity changes. Most of the
time were devoted to an analysis of those flares that are associated with RF

[

e

emissions at centimeter wavelength with multi-peak or complex emission. We
also examined flares that were observed by at least one observatory in addit-
ion ‘to the McMath-Hulbert or Sacramento Peak observatories with different times
of maximum. The reported time of flare maximum varied from one to forty minutes.
The flares ranged in importance from 1 to 3+. We also looked for flares that
were observed during a period that included the time when the Mt. Wilson
""" polarity drawing were made. An attempt was made to detect:
(a) Fluctuations of flare brightness.
(b) Flare flash or explosive phase in its development.
(c) Flares from " & " type spots.
(d) Flares that covered part of a sunspot umbra.
The visual analysis of the patrol films was extremely time consuming and de=-
tection of changes in a flare was very difficult, and probably quite unreli-
able, i.e., the time of a brightness change and/or a maximum phase could not
be determined with sufficient accuracy to Justify a continuation of the in-
vestigation. The results of the visual analysis of flare patrol films using
a variable speed film reader was very disappointing although not completely
unexpected. However, the theory that flares associgtgdfy@;p_@ulbivpeak or.
Q\;complex RF emissioné“ax centimeter wavelengths have periods of fluctuating
bfightheés‘closeiy associated with the peaks of the RF emissions was
strengthened. -
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It was decided that until the solar flare videometer becomes available for-
the analysis of flare patrol films the comparison and correlation of flare
maxima and RF peaks would be limited to the times reported by the observator=

ies as shown on the RF time histories, (Figures 1 through 9).
It was not possible to accurately identify flares with an initial

flash phase or very rapid Ho emissions increase, except in a very few cases,
although considerably more than the anticipated amount of time was spent on

this phase of the work.

1.2 EVALUATION OF RF TIME HISTORIES
RF time histories at 2800 or 3750 Mb/s were reconstructed for 40 of

the 59 basic PCA events as shown on Figures 1, 2, 3, and 4.
The nineteen missing events were distributed among the basic

frequencies as shown below.

F 2800 2980 3000 3750 Other

No. o 5 2 6 2

All of the missing events at 3750 had reported Peak flux less than
500 units, while the missing events at 2800 occurred during the sunrise or

sunset period.

In addition to the RF emissions associated with basic PCA events,
time histories were reconstructed for four events associated with small or
doubtful PCA events and 61 events with RF peak flux greater than 500 flux

units with no known PCA assoclation.

1.3 CORRELATION OF Ho« FLARES AND RF TIME HISTORIES

Because of the problems encountered in the analysis of flare
patrol films it was decided to proceed with the correlation using all reported
times for flare maximum. While this did not achieve the degree of reliability
that had been anticipated, it did show that in general, if RF emissions at
centimeter wave lengths with total integrated energy greater than 10-17
Joules (m2 c/s)‘l as calculated by Lopez, et.al, were not followed by a known
PCA event,the associated flare had a slow and gradual rise to maximum
intensity. This is clearly shown in figures 6.4L, 6.45, 7.6, 9.6, and others.

Due to the number of cases where the integrated energy and other
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criteria show strong indications that the events "should” have been followed
by a PCA, it was decided to reexamine the problem with a more detailed analy~
sis of active solar regions that produced one or more PCA events, and one or
more major RF events that were not followed by a known polar cap absorption.
The analysis of these "multi-event" is presented in Section 4 of this report.

1.k .ANALYSIS OF CURRENT RF AND Ho FLARE DATA

Sufficient data has been obtained to carry out a preliminary analy-
sis of 10 possible polar cap absorption events (Table 18) reported during the
first three years of the present (20th) solar cycle. The Preliminary analysis
of these events is given in Section 6 of this report. Based on present
criteria at least four and possibly five of these events would be classified

as major.

1.5, EVALUATION OF FLARE POSITION WITH RESPECT TO SUN SPOT UMBRA AND
FLARES FROM SUNSPOTS WITH A "& " CONFIGURATION

Investigations under these two tasks has failed to contribute any
new statistical evidence with respect to their importance as a necessary or
suffiecient condition for a flare to be followed by a PCA event, or that the
region will produce a PCA flare sometime during disk passage. Both of these
tasks will require a large amount of additional time before reliable conclus-:
ionemm be made. It is felt at this time that the " & " configuration is quite
significant when combined with other criteria. However during our analysis of
miltiple event regions Mt. Wilson sun spot polarity drawings were not made
in a number of critical cases and time aid not permit a search for other

gources.
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2.0 RF PROFILES AND TIME HISTORIES

As stated above, RF time histories at 2800 Mc/s or 3750 Mc/s have
been reconstructed for 40 of the 59 basic PCA events, and for 62 of the 95
events reported at 2800 or 3750 Mc/ s with a peak 2 500 flux units* and were
not followed by a known polar cap absorption. The missing events reported by
Ottawa at 2800 Mc/s occurred during sunrise and sunset or the records were in-
complete. In the case of the missing 3750 Mc/s events, the necessary original

data have not been received.

2.1 PEAK FLUX CLASSIFICATION OF RF EMISSIONS

In order to simplify the classification of the RF Bursts, we have
arbitrarily established seven importance classification as shown in Table 2.l.l1

belows
Basic PCA Events “No Known PCA
Imp. 2800 & 3750 Mc/s 2800 & 3750 Mce/s
No. No. £ No. No.
Peak Flux Range Class | Events Analyzed { Other | Events Analyzed | Other
RF2 10000 3+ 3 3 0 0 - 0
10000 > RF> 5000 3 8 8 0 2 2 1
50002 RF> 2000 2+ L L 3 8 5 2
20002 RF 2 1000 2 12 12 2 35 26 L
1000 > RFZ 500 1+ 7 6 2 50 29 T
500> RFZ 250 1. 8 b 1 o
250> RF , l- T 3 2 **
TOTAL L9 ) 10 95 62 81

** Not considered in this study '
Table 2.1.1

Peak Flux Classification of RF emissions

, It is clearly seen from this table that while.69% of the PCA events
have been associated with RF bursts with a peak greater than 500 flux units,
there is no correlation between Rf emission magnitude and PCA events. In fact,
there is only a 58% probability that a peak emission greater than 2000 flux
units will be followed by a PCA event.

# One flux unit equals 10-22 W(M2c/s)=1
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All RF bursts at 2800 or 3750 Mc/s that were not followed by a
known PCA event are listed in Table 5 chronologically in each peak flux
importance class. We:have included the associated flares, short wave radio
fade, spectral emissions Type II and Type IV.

2.2 RF PROFILE CLASSIFICATION

RF bursts at centimeter wave length have generally been grouped
in several rather broad classifications. However, in order to compare the RF
profiles for PCA and non-PCA events we established four profile classes that
will, unambiguously, include all but two or three of the RF time histories.

Class 1. Impulsive burst with Narrow Profile

Class 2. Impulsive Burst with Two or More Major Peaks and A
Broad Profile

Class 3. Bursts with Two or More Distinet Phases Separated by
a Period of Low Flux

Class 4. Bursts with a Complex Slow Rate of Increase to the
Peak Flux
The number of PCA and non-PCA events in each profile class and RF importance
is shown in Table 2.2.0 Below.

Profile Class 1 Class 2 Class 3 “Class §
kF Imp. PCA No PCA PCA No PCA PCA No PCA PCA No PCA
3+ 2 0 1 0 0 0 0 0
3 1 3 1 0 0 I 1
24 1 5 2 0 ¢ 0 2 0
2 L 22 1 3 6 1% 1 1
1+ 2 19 1 3 1 0 0 6
1 1 2 * 0 2 *
1= [¢] 0 * 0 3 *
TOTAL 11 46 10 T T 1 12 8

* Only events with peak flux > 500 RF (importance 2 1+) are included.
*%There is another event long delay time between Phases (Fig. 9.2)

Teble 2.2.0 Peak Flux Distribution By Profile Class

Approximately 75% of the non-PCA events have an impulsive narrow
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profile.

2.2.1 RF Class 1 Profiles

The reconstructed Class 1 profiles are shown on Figure 1 far the PCA
events and Figure 6 for the non-PCA events.

In order to compare the PCA and non-PCA events, three basic charace
teristics were chosen: (1) Rise Time in Minutes, (2) The Half Width, i.e.,
the time in minutes that the flux is greater than half (or 50%) the peak in-
tensity, and (3) the time that the burst remained greater than 10% of the
peak intensity.

The basic characteristics of the 11 PCA events and the 46 non-PCA
events are given in Tables 1 and 6 respectively, where the events are listd
in the sequence of increasing half width.

It is clearly seen from an examination of Figures 1 and 6 and Tables
1 and 6 that the half width and duration greater than 10% of the peak, tend
to differentiate PCA from non-PCA events. This is shown in Table 2.2.1.

506 10%
PCA No PCA PCA No PCA

Average
Time 3 23k 18 8

Table 2.2.1
Characteristics of Class 1 Profiles

If we use these characteristics the PCA event on 28 August 1957 (rF16.
1.1) would have been a failure, while 7 of the 46 non-PCA events would be
classified as false alarms. In fact, all seven (Figures 6.40 through 6.46)
have other PCA characteristics and their inclusion as Class 1 profiles is quest-

ionable.

2.2.2 RF Class 2 Profile

The reconstructed RF class 2 profiles are shown on Figure 2 for the
PCA events and Figure T for non-PCA events. The basic characteristics of the
Class 2 profiles are shown in Tables 2 and 7 for the PCA and non-PCA events
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respectively.

There does not appear to be any outstanding characteristic that will
differentiate the PCA from non-PCA events. However, the time of RF peak
follows the time of flare meximum ( A t > O0) for 8 of the 10 PCA events while
the RF peak precedes the time of flare meximum for 6 of the 7 non-PCA events.
We also find a relatively good correlation between the reported time of flare
maximum and the multi-peaks of the RF emission in those cases where more than
one time of flare maximum was reported.

In the case of the PCA events there is a relatively rapid increase in
flare brightness, based on the cases where more than one flare maximum is
reported, it is quite probable that the PCA flares have an initial flash phase
or very rapid initial increase in brightness while the non-PCA increase slowly.

2.2.3 RF class 3 Profile

This profile class has been defined as a burst with two or more
distinct phases separated by a period of low flux. The reconstructed RF
time histories for the 7 PCA events and one non~PCA event are shown on
Figures 3 and 8 respectively and the basic characteristics for the PCA events
are given in Table 3. The time separation of the distinct phases varies from
17 minutes for the event of 6 May 1960, to 44 minutes on 7 July 1958.

Only one non-PCA event belongs in the class (Figure 8.1). The two
narrow band impulsive events on June 9, 1958 (Fig. 6.10 and 6.46) were
separated by a period of 35 minutes with a flux less than 10% peak and 50
minutes between peaks.

Their classification as a class 3 profile (Fig. 8.2) would be
Justified if they could be associated with a single flare with two distinct-
phases. In this case there was no flare reported at the time of the first
burst (probably no flare patrol). However, the great short wave fade starting
simdtaneously with the start of the RF and continuing for three hours would
indicate a flare starting sometime before 1635 UT.

2.2.h RF Class 4 Profiles
This profile group includes events with a smooth gradual increase to

peak flux and those with a complex slow rate of increase. The reconstructed
time histories are shownon Figure 4 for the PCA events and Figure 9 for the

non=-PCA events.
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It is quite significant to note that type IV emissions were reported
at meter wavelength for the eight PCA flares and five of the non-PCA flares
that occurred during the normal observing time at Fort Davis or Culgoora and
at centimeter wavelength for all 12 of the PCA events, and seven of the non=
PCA flares (derived by Svestka and Olmr, 1966).

Three of the Class 4 PCA-RF Bursts were very small and would not have
been considered as possible PCA events. (Figure 4.2, 4.11, and k.12, and Table
4). The flare PCA association may be questionable in these cases, however, a
careful search of the records fail to reveal any other possible source either
on the visible disk or hehind the East or West limbs of the sun. The non-PCA
event on 17 April 1967 (Figure 9.6) was one of the very great bursts observed
during the 19th solar cycle (Table 10). It has all of the characteristics of
a PCA event except an apparent very slow rate of increase in flare brightness.
(Almost 80 minutes from the reported start to maximum.) This is also a case
where the flare with reported importance 3+ occurred near the east limb. (See
section 4.2 for an analysis of the region responsible for this great RF event.)

2.3 FROFILE CHARACTERISTICS OF RF EMISSIONS ASSOCIATED WITH SMALL OR DOUBTFUL
PCA EVENTS.

2.3.1 Small Polar Cap Absorption Events Based on fpi,, Observations

A list of small or doubtful Polar Cap absorptions events reported in the
literaturé was given in Table 7 of Reference 3. Most of these events were based
on fyin data. Only one of 23 events was associated with a major flare (import-
ance 3+). The RF emission exceeded 500 flux units at centimeter wavelength in
only three of the events, and two events at decimeter wavelength (1420 Mc/s),
smail bursts at 2800 or 3750 Mc/s were reported in a number of cases.

TABLE ba RF BURSTS AT 2800 OR 3750 Mc/s FOLLOWED. BY

A VERY SMALL OR DOUBTFUL PCA EVENT, PROFILE CHARACTERISTICS
mmmmgrin__’t. -

SPECTRAL ?/e ENERGY
TROFTLE| RATE TS, 7
CLASS | RISE| II| IV |Tien | At | A7 |cMp|NO, |>10 Mey  [>300 MeV [>10%

2 190} s/2 |s/1 | g o e luen|sa |2ox10®[rzxa0®| 108
3 21500 - Js/3 [r06 [+ 50 | 1R Wx® weo 5.2 663
& {so{sfz{s/s {16 J+5 P 0™ E1215.3 237
2

w7l - 13 Jeg j+3 1P ad® jusBisa

DATE.
9/26/60
1/14/60
11/11/60
6/0ufs8

ﬁﬁl\!;%

fmin.
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A reliable flare association

was not possible in six cases.
RF profiles were reconstruct- . wwl
ed for two of the events (4 June
1958, and 26 September 1960)
associated with small PCA's (Table = o
La) both were class 2 profiles, [
(Pigures 5.1 and 5.4).

1400 -~

400 B T LA VER 0 W N -7 0o~

SL, 2+
el 3 N b
FLARE 2356
g

200} 2 - w001
B ! 4
- LD —— .
I ab =gkl -~ S S|

0
1
2120 36 0 50 7200 10 20 30 0500 o 2 30 40 50 0600 % 2
5.4 4 June, 1958; 2800 Mc’s,, R.F. Closs 2 Profile, 1 — Sec. P.; N14W58 fmin Reported 2300 5.1 26 Sept., 1960., 3750 Mc ‘s, R. F. Cl;ss | Profile, 1 - Tachk., Mitoks, 2 = Grime., 522W64

Data were not available for the RF burst on 3750 Mc/s with a peak of 530
flux units at 0357 on 13 June 1959. The flare occurred in the Region 5204 whih

will be analized in section 4.5.2, during our discussion of multi-event regions.

2.3.2 Very Small Polar Cap Absorptions Based in High Sensitivity-Vertical

Incidence Back Scatter
A list of 24 very small PCA events not reported by other observers, were

found by Gregory (Table 8, Ref. 3) during analysis of high sensitivity verticd
incidence back scatter sounding of the lower Ionosphere at a frequency of 2.3
Mc/s at south 79° geomagnetic latitude. Gregories list is limited to events
during 1960. Five of these events were associated with major flares (importance

2,3). Four of the very small PCA events were associated with the multiple
event region 5925 that crossed the solar disk between November 8 and 18, 1960.

The four small PCA's were reported by Gregory on November 10, 11, 1k, and 19,
1960, while great PCA events occurred on Nov. 12 and 15, and a smaller event on
the 21st when the region was at least 20 degrees behind the west limb. The PCA
on the 19th started approximately eight hours after an importance 3 flare at E28

which was accompanied by small bursts at centimeter, decimeter and meter wavelengths

as shown in table 2.3.1.
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- Date  Start Max Imp = f Onset  Max  Peak Flux

11-10-60 1009 1023 3 9100 1012 1019 600

2980 1015 1021.7 360

1500 1016 1120.6 600

800 1018 1224 > 320

shs 1020 - 100

200 1020 - 480

' Table 2.3.1
RF Emissions Associated with a Very Small PCA

This was followed by the second small event which started approximately
one ‘hour after an importance 2 flare and great RF burst at 3750 Mc/s (Fig. 5.3)
and approximately 34 hours before the very great PCA on the 12th, with an absorpt-
ion of 21.2 db, that PCA was still in progress when an importance 2+ flare and
another very great burst was reported at 3750 Mc/s on the lhith (Figure 5.2)
followed in less than an hour by another very small PCA (reported by Gregory).
o Again this small event was followed within six hours by another great PCA.
The fourth in this group of very small events reported by Gregory occurred about
an hour after an importance 1 flare at the west limb. No RF emissions were
reported at any wavelength at the time of the flare.
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3.0 GREAT EVENTS AT 2800 Mc/s or 3750 Mc/s DURING THE 19TH SOLAR CYCLE
During our analysis of the flare - RF emission -~ PCA association we
£ind 13 RF events reported in the literature with a peak greater that 5000
flux units at 2800 or 3750 Mc/s. There were no events of this magnitude
reported at either 2980 Mc/s or 3000 Mc/s (Either Tokyo or HH1).

TABLE 10 GREAT RF EVENTS AT 2800 OR 3750 Me/s DURING
THE 19TH SOLAR CYCLE

Fi PCA FILE | FLARE 3
FIG, { DATE oy | D@, £ | PEAK dj AT CLASS | ONSET Dt OTHER £ | PEAK

1.8+ J2/23/56 | w80 | 3-+ | 3750 {18000 | 13.0) o 23® 1 o033 6.5 3000 | 7 bbio
THOO +1.5 200 {>20000

3, <6 400 1700
2000 1100

1.4% | of03f60 | E88 | 2 + |3750 (12000 | 2.7 WM 23" | 1 0037 | -

2,1%1 11/15/60f W35 | 3 3750 {11600 {20.0 Pa 23" 2 0207 { +1. gho0 24000

7500 7.5 2000 Lg50
1000 8200
.5 | 3/20/60 | B30 | 2 + | 3750 | 8250 | '2.6] 2 20® 4 06k | +30, 423, +22, +20.5 | 2000 49000

200 | 38000

7.5 | 9/15/63 ] €75 | 2 3750 | 4500 |NONE REPORTED | 2 0015 | #10, -1, -3, =5 ghoo 17000
8080 +22, 11, 49, +7 2000 2500

2.9%1 7/16/59 | w30 | 3+ |2800 | ooo fa1.2{ 2" 36" 2 2114 | -3.5, -T.5, +9.5 200 1200

6500 +29.5, +25,5, +23.5

u.8 | 7/20/59 | E63 | 3+ |3750 | 6300 e0.0| 2B 5¥™ | ¥ 0206 | 42,5, ~12 9400 | 26500
4500 #14.5, +0.5 1000 6000

k.7 | 7/a4/s59 | Eo | 3+ 13750 | 6000 {23.7 P 20® b 0325 {+7 400 6300
: 200 | 10000

n.s | nfospeo | wea § 2 l3750 jeoos { 3.1 us® | w  lcoeas |rrare omsEr Nor ghoo | 1200
X SEEN 2000 1230
1000 | 18000

9.6 |u/17f57 | B89 |2 |esoo | eoco tiowe rerorTED | 4 2000 |1

1.20| 8/16/58 [ W50 | 3+ {3750 [ 5800 {715 2t 28" z o433 10, -1 9500 T340
3000 5030
200 18000

I’ 2 1315 |+1. 9100 >7500
2.7e| 1przfea) o | 3+ |28 | kgoo fov.z o us® gl b 0 | o

5500 +16

; 00 3500
1.7a) 9fa0/63 | woo | 2 |37s0 | 5350 PiA ;nmmmsf FOR {23 | +951 glém Ed

Ten of these gréat bursts'were followed by Pol;r Caps absorption includi;év
seven with an absorption greamter than 10 db. However, there is no good
correlation between the PCA intensity and the RF magnitude or flare importance
as shown in Table 10.

3.1 GREAT RF BURSTS NOT FOLLOWED BY A PCA
Only two of the great bursts were not followed by a Polar Cap
absorption (Table 10). Both of T T T

6000 = -4

the non-PCA events are assoclate-
ed with flares in solar regions
that had been on the visible
disk less than two days. The
importance 3+ flare on April 17,
1957, was the third msjor flare
from plage 3941. The sunspot

group had an area of 1000
millionths on the 17th at E66.

The group decreased to an area of 9.6 17 Apri. 1957; 2800 Mc/s.; 1 - Honol., N12 €70
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329 millionths when it crossed the Central Meridian. While the region was the
source of 36 flares during disk passage, the three major flares on the 16th
and 1Tth were the only ones reported. (See section 4.2, and Table 12).

The other great burst not followed by a PCA was also associated
with a flare near the east limb on September L
15, 1963, in a region that produced 87 flares™|
during disk passage and two PCA events one -
near the central meridian, the other near ook
the west limb. The PCA event near the
central meridian, was followed within ]
approximately 50 minutes by the great “woor
burst on the 20th which reached a peak of |
5350 flux units; the flare associated

2000
with the PCA was probably responsible for L
the great burst that started at 2314 UT i AN PV, ~ AN
and continued for approximately three o P
10 20° 30
hO\lrS . 7.5 15 Sept., 1963; 3750 Mc/s.; 1 - Ikom; 2 ~ Mani., 3 — Lock., 4 - Honol,, NISE75;'5 - Eckut., S31EES
T T T T T T T T T T L
50001 H .
: Heooooooos e i
4000} 0 ] H
v ]
L ] " 3 i
i :
00 J SWE ] 1{
L ¥ ) 1
1 2 3 !
O e Tt 1 Fiare / i
- . !
1000 = ]
]
N ]
'
2340 CERREC) 16 % e
1.70;20-Sept., 1963, 3750 Mc/s,, Sheet 2 Showing the Groat burst atter the PCA onset, 1 = Lock., 2 ~ Sac. P., Henel., 3 ~ Sac. P.;
NIO W14  frikut. N1BWOA, '
3.2 GREAT BURSTS FOLLOWED BY A PCA

Five of the great PCA bursts occurred in two very active regions.
One group occurred on the 10th, 1lkth, and 16th, of July 1959, the other on

November 12 and 15, 1960.

3.2.1 The Sequence of Events During November 1960
The two events during November 1960 have been classified as class
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2-profiles as shown on figure 2.1 and 2.7.
12000 T ‘ T l T l T ' T ‘ T l T I T | 1
—] e000 T T T T [ T T ] T T 1
10000 [~ ~ 5000~ H .
L 1 i i
OLE 24 h : ]
8000 (— BRTBT _ n
| v L VTR 400 ,I : 1 -~
- LL N [\ . 0618 4 - ’I I ! GLE .
F!} ﬁ‘ { i! ——— 3 B 1
6000 — | AL A L — 3000 }— | |v ! ; =z
. ; 7 —'—V—-L--—-:--- ;; 21.2db -
3 : \ SWE o1 o : | t B " B
: B3 H ! 1800
4000 |~ ', :V X \/\ 5,3 I A me: 1 G \ K —=-
- ¢ : Flare ey —t I SWF e,
Fowr |t 1 V 3 Tt - 11 { 53 4
! ! ;| { \ {\ 3
2000 }— . l . -
L) 1000 sf | l ! F::e:e ]}r ﬁ: ].‘_‘72.3:
L : I i e . d
N P I 1 4 il BN 1,1 ! ! | !
0210 20 30 TR 0300 10 20 30 © 137 3‘0 e 3% L ila - 3

2.1; 15 Nov. 1960; 3750 Mc s., 1

— Mitaka N26W33

2,

N

;12 Nov., 1960, 2800 Me. 5., ) — Cape T, 2 — Huan, 3 - Sac. P., N27W04

For the purpose of comparison we show the profile (Fig. 5.3) of the
Gregory has reported a PCA based on analysis of high

burst on 11 November.

sensitivity vertical incidence back scatter soundings of the lower ionosphere
at a frequency of 2.3 Mc/s at South 79° geomagnetic latitude. The shape of the
profile and the associated pheomena, indicate that a PCA probably occurred.

3400

3000

2600

2200

1800
[ PcaGovs -
-—
v o705 ]
—

1400 3 |
! ]

1 1 4
! j
1000 ! H
SWF i
5, 3+ i
1
1
500 1 t'
1 ]
1 |
1 1
t i
200 i ]
N 1

1 HE d v o9 PRRES WOV B ! 1 [T I | ! [ '
0310 20 £ 0 50 0400 10 20 30 ] 50 0500 10

5.3 11 Nov., 1960, 3750 Mc s., R.F.Closs 4 Profile, 1-Vorosh. N29E12; Very Small PCA, Reported by Gregory
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The RF burst starting at 0335 on the lhth also shows all of the -
characteristics for a PCA event, the 30 Mc/s Riometer at Capt Jones indicates
an increase in absorption at about 1200 UT on the 1lhth approximately 9 hours
after the start of the 2+ flare or 8B 25M after the RF onset. Gregory
reports a small PCA with onset at approximately 2200 UT. The situation is
confused since the great PCA which started at 1400 on the 12th is still in
progress. The reconstructed time history is shown on figure 5.2 with the

associated phenomena.

T T T T LIS JARNS BN SRS RS BENN NI IR A B SN AN Ea
e -
’—
2800}— .
- Wi ]
o00f- B 24 6 12 18 24 3 12 8 24 ]
3 30 Mc/s Riometer, Cope Jones, Nov. 13, 14. 4
2600} .
L T 77777 ¥s
i
200}~ -
] 4
1800 |- .
1400 L 1 i
- ‘ I ';’ ; 4
1000{= s em \ / \ -
L ) ]
6001= o246 T FLARE 0520 -1
’_ 2+ -
200 - 4
1 F S S | o 1 1 PYU RS YU NUN 1 U T W ' 1 1 |
0300 70 20 30 o) 0 0400 10 20 E] 20 50 0560 10

5.2 14 Nov., 1960; 3750 Mc/s ., R.F. Class.3 Profile, 1— Mitaka, NZ7W20, Very Small PCA, Reported by Gregory.

The final event of the November 1960 sequence is a somewhat subdued
impulsive burst with a peak of only 400 flux units followed by & prolonged
complex post burst increase. This event is unique since the active region
was approximately 20 degrees behind the West limb. The flare has been classi-
fied with importance ],
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1.11; 20 Nov., 1960, 2800 Mc 5., 1 "L ock., N25W120, 2 - Hanel., 3 - Lock,, 4 ~ Sec. P., N28 W90.

55 If the flare is associated with the active region 5925 it must have

e been of major importance.
o 3.2.2 RF Profiles for the Great Bursts During July 1959.
The active region responsible for the great series of events during
July 1959 will be analized in detail in section L.5. We have included the
RF Profiles here for comparison.
e
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3e2.3 Profiles for the Two RF Emissions From Solar Region 5615.

This active region was the source of only one major flare, but has
been associated with two of the very great bursts at centimeters wavelength
and four PCA events.

The reconstructed time histories of the two great bursts are shown
on figures 4.4t and k.5.

T T T
8000} J
4
w00} E
] T 1 T 1 L) ) T T F 1 k] T 1 T T
80001 3 B 5000 = b
soo0b 4 o0 |- e
4000~ wd
w00 f
324
ity o .
L | R
3000 3000 P_c... ]
0ia ! ]
2000 2000 t= SWF 0447 7]
g T "
B \/ \ ]
o ! i
TSR Y I OO VA MR NS MU VOO SN N W AU W |
50 0700 18 W0 0 40 5 0800 0140 50 0200 10 20 30 40 50 0300
45 29 March, 1960., 3750 Mc's., ) = Alma A.,
« Kok, N 12 W61,
2~ Ondr., 3 -~ Abast., 4 — Bokov., NIJEID 44 5 A, 1960., V50 Me v, 1w Kodke, N 12WEL
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4.0 MULTI -EVENT REGIONS DURING THE 19TH SOLAR CYCLE

We have shown in a previous study (Ref. 4, Jonah 00.802, 1966) that 38
of the 59 basic PCA events were associated with flares with corrected importance
2 3. Twenty of the PCA events were associated with regions that produced two
or more flares with importance & 3 while there were only 13 regions with two or
more importance > 3 flares that at least one was not followed by a PCA event.
Four of the regions produced 2 PCA events each and one produced 3 PCA events.

In this section we have extended our analysis to all regions that produced
at least three outstanding events, ie. An RF burst at centimeter wavelength
with a peak greater than 1000 flux units, and/or a flare with importance >3
and/or a PCA event. We find eleven regions that meet this requirement. They
produced 26 of the 59 basic PCA events, 34 of the 142 flares with importancex3,
and 31 of the T9 RF events with a peak 2 1000 flux units.

-

RF | Total Small or
TRegion CMP Long Lat PCA Flares cm Flares | Questionabley
23 >1000 FCA
#3400 | 2/17.29/56 183  N22 1 L 2 32
| 3941 | 4/22.87/57 259  N28 0 3 2 36
| b25 | 8/31.33/57 | 353 s27 | ¥ 1 1 61
’ b151 | 9/19.30/57 8 m3 | 1 3 1 83 1
4708 | 8/21.89/58 322  N18 3 4 L 60
5148 | 5/14.52/59 60 W15 1 " 5 97
#5262 | 7/1hk.66/59 330 N6 3 6 3 96 1
5615 | 3/31.50/60 30 Ni2 b 1 3 70
#5925 111/12.20/60 28 N2t 3 3 L 98 3
#617L | 7/1k.20/61 48 506 b 2 b 79 ")
6964 | 9/20.63/63 309 N13 2 2 2 87 0
Total 26 33 31 5

- _ |
¥ Source of Ground Level Effect. (GLE)

Table 4.0.1.
Solar Regions During the 19th Solar Cycle That Produced Three
or More Major Events
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26 of the large RF emissions were associated with flares with importance > 3,
while 53 were associated with minor flares. The distribution with frequency is

shown in Table 4.0.2.

£ | 2800 2980 3000 3750
Flare

Imp 10 4 1 11
23

Minor 18 3 3 29
Flares

Table 4.0.2
Large RF events, Distribution With Frequency

The distribution of the minor flares with respect to flare importance
is shown in Tsble 4.0.3. We have one case (NFR) with no flare reported, although
records indicate that at least one flare patrol was operating and six cases (NEP)

vhen there was no flare patrol.

~Flare | NFR  NFP | 1,1+ 2 2+
Imp. o

Number | 1 6 | 1 17 18

Table 4.0.3

Large RF Events (Peak > 1000 Flux Units)
With Minor Flare Importance

Only one of these multiple event Regions (39%1) crossed the disk with=
out ziroéueing at least one polar cap absorptimn. Three other regions were the
source of one PCA each. Each of these four regions produced at least a major

flares.
Four of the regions, as indicated on Table 4.0.1 were the source of high

energy proton streams that were detected at the earth's surface.(GLE)
These reglons were also the source of 13 of the 15 great RF Burstis
(Peak > 5000 Flux Units) reported at centimeter wavelengths (2800, or 3750 Mc/s)

during the 19th Solar Cycle (Table 10).
Because of the great productivity of these 1l multiple event region

five were chosen for detailed study.
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i 4.1 THE SOLAR REGION 3400 THAT CROSSED THE SOLAR DISK BETWEEN FEBRUARY 10
AND 2L, 1956

The solar region that was éhe source of the fifth and largest of the solar
high energy particle increase at ground level on 23 Februsary 1956 crossed the
east limb of the sun on 10 February 1956. This region was the source of a major
east limb flare at 2110 UT on the 10th. The McMath Hulbert observatory reported
the flare with, importance 3 because of its explosive nature and the bright
loops. The RF burst at 2800 Mc/s had reached an intense of 346 flux units when

2800

Ottawa entered the sunset oscillation. LA A B A S A R L A

. The very large, bright and active

i 2400}~ -
plage contained three large sunspot groups. | ]

2000 — -

”] Two of these spots were returns from the
! previous rotation. The spot 11463 that ool

1

|
1 reached an area of 1734 millionths on the | --%—— “ ]
_f 17th was the source of five major flare, L :'ﬂ—'“r_;:‘W e
B (Table 11) and four large RF burst at T \ i f\j\ ::E /f\\ wmﬁ
. . T | 3 ]
| centimeter wavelength. The great burst _-1__&4~ ] ‘\\\\‘

at 3750 Mc/s on the 23rd is the largest A

0530 40 50 0600 10 20 30 40 5

1 " recorded burst at centimeters wavelength 6.90 14 Fob., 1956; 3750 5. 1.~ Kodk, NIOE2S.
(see Table 10). The RF profiles for four of the bursts are shown. The three

|
AAAAA i TABLE 1) THE SOLAR REGION 3400 THAT
CROSSED THE SOLAR DISK BETWEEN FEBRUARY 10 AND 2k, 1956

FLARE SHE SPECTRAL R_F EMISSTON _FCA__
: PEAK
DATE | START | MAX. |IMP.] POSITION| START | DUR. | TYP% | Dvp. ul wnl 1ven | ¢ lonser| max. Jowr. Fux |4elan | a1 F1s. wo
ez + b —— - = 3

2/10/56 | 2110 12138 | 3 |w23E90 | 2130 | 35 s | 3+ 2800 | 2112 28.5 | 3u6s]

2/14/56 | 0538 | 0557 | 3 [mere33 o532 | w6 | sn | 3 ossbl 3750 | o541j 0553 { 75.0 | 2720
26/3

2/16/56 11805 {1837 | 2+|N20EC8 | 1802 | 93 | SL 3 1756 [2800 | 1756] 1813 { 51,0 €23
384/3

2/17/56 j1100 |1120 | 3 | weowos |1102 | by s 3 NONE REPORTED AT -CM WAVELENGTH

2/19/56 1430 | 1u4s 1+ | N23W27 | .lh2g j 151 s 3 1428 2800 | 1425 1h85]29.o 643 9.2
57/6g] ’

i
2/23/56 jo33k |o3k2 ° 3 [wemwBo o330 | 160 3+ 03;5 3750 | 0334 0336| 15.5 | 18000 [-6.5 {13 ‘|oh 237 1.8
50/2¢]
1 ! i
! H I i

*IN SUNSET OSCILLATION

(6.30; 9.5; and 9.2) that were not followed by known PCA events show the profile

characteristic of PCA events. However, in two cases T T T T T T

(6.30 and 9.2) the time of flare maximum definitely I wow LA 20 ]
H ]

follows the time of the RF peak intensity. No time <« v J'Kﬁfh\ 1% =

of flare maximum was reported for the third case

(9.5).

i 1 1 i
. 1740 50 1800 w0 20 30 40

9.5 16 Feb,, 1956; 2800 Mc s., No Flare Mox. Rep.
Flare Reports; — McM., Sac. P., M., N20ECB
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In the case of the great event on 23 February, the start of the
flare was not observed, consequently, it is guite probable that the indicated
time of flare maximum was a flare intensity increase assoéiated with and
preceeding the post burst increast at 0343.5 UT.
An examination of the Mt. Wilson sunspot polarity drawings indicates
a " Z; " type spot group on the 15th, 1T7th and 20th of February.

ll-.2 THE SOLAR RE- 0 | E 18006 H— ~
GION 3941 THAT CROSSED | , ! ] A 4
THE SOLAR DISK BETWEEN , | ; 1wl .
APRIL 16 AND 28, 1957 i e e— ws ]| ]
The second of our ™ | J——y/y " \f\\if e T |
i S .
milti-major event region ¥ j'ii%f*?-.-j N ]
is unique since it is - 9.220 19 Feb., 13:56, ZBOUMZO'S,I—Sa:.SOP. Nz:;wzljo0 ! mooo-— 7
the only multiple event region P

00 |- GLE —

that gid not produce at least one polar cap absorption ]
| IEXT

during disk passage. The region was the source of oo } E h
three major flares and at least two were accompanied by .| ; f% roe oo, ]
grest radio emissions at centimeter wavelength. %.vg \Lif “LS'
The three flares occurred near the east limb ij‘fT“1_"_F§\_\\;;’i
(Table 12) in the large, bright and active plage Liii L, =

1.8; 23 Feb. 1956, 3750 Mc 5., 1-Tokyo, H23WEOD:

region 3941 and the magnetically complex sunspot group v
(Mt Wilson 12285, Greenwich 17976), which crossed the visible disk between April

TABLE 12 THE SOLAR REGION 3941 THAT CROSSED THE
BOLAR DISK BETWEEN AFRIL 16 AND 28, 1957

7T R W ;5 SPECTRAL. RO 8 51111
DATE | START] WAK. rmp POSTTION | ONSET | DUR. | TOPE [ IMP.| IL | IVm | iVem T ONGET | .ruam‘mn FEAK |6t | Fig.
FLUK No.
4/16/57.| 1084 | 2053 | 3 jw20E85 | aouu | 76 s 3 1c38 [ 2800 jioko | 1046} Sh 1650 |- 294 7.1
1105 57/3
200-5400
4/17/57 1 1006 | 1022 3 | negE76 2980 | 2006 i
4f27/57 | 2000 | 2116 3+ | R20E6G 1937 | 163 sL 3+| 2032 | 2012 2021 2800 2006 | 2042 79.0 | 6000 |- | 9.6
/3 usf2 ] 3ifig
200-2800 |

17 and 28. There were‘étroﬁg indications during the first two days, that the
region would produce a polar cap absorption.

The spot was the return of Mt. Wilson sunspot 12225 (Greenwich 17934)
which started as a few tiny spots and developed into a stream of megular spots
as it apporached the West limb. The group returned at the east limb as a
large composit spot (area 1000 millionths) on the 17th, slowly breaking up.

The area had decreased to 329 millionths at CMP and disappeared at approximately
W55 on the 27th. Although the plage was the souree of 36 flares during disk
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passage, no major flare or major centimeter RF bursts occurred after the region
had been on the disk approximately two days.
The very great burst at 2000 UT on the 17th has already been discussed
in Section 3.1 (figure 9.6, Page 11). This burst and the one on September 15,
1963, are the only known cases of very great bursts that were not followed by
PCA. 1In both cases, the flare occurred near the east limb. However, the September
region remained very active as it crossed the disk and produced two PCA events,
while the April region decreased rapidly in importance.
The flares and RF bursts on the 16th and 1Tth
showed nearly all of the characteristics for a PCA

event, except that the flare development was slow

1600}

o0

and the time of flare maximum, followed the time
of RF peak by 13 or 25 minutes on the 16th, and
by 76 minutes on the 1Tth.

The third major flare, from this region, at

1200’-
oot
800~

1006 on the 16 occurred during the normal obser-

600+

ing time at HH1 and Nederhurst, but no flux was

400

reported at centimeter wavelength.

200F

4.3 'THE SOLAR REGION 4708 THAT CROSSED THE SOLAR
DISK BETWEEN AUGUST 15 and 28, 1958

2 6197, B0 e, s, RS The large magnetically complex sunspot group
that crossed the solar disk hetween August 15 and 28, 1958 at N18 and heliographic
longitude 322 was the source of 60 flares. Three of the flares were followed by
PCA events. The sunspot group was contained in the bright plage 4708, the third
rotation of the solar region which first appeared on the visible disk on 23 June.

CMP. Latitude Area Brightness | Number

Flares |
4708 8/22 N18 8000 .| 4/2.5/3.5 60
4657 1/26.5 N17 9000 2.5/3.5/2.5 7
4623 6/29.5 N12 12000 3/3/2 16

During the two earlier rotations, the region was relatively quiet, pro=-
ducing only 16and T flares respectively. Plage 4623 produced only one flare with
importance 2+ on June 26 at E49 which was associated with a minor RF emission
at centimeter wavelengths and a type IV emission. The other 15 flares were of
importance 2 or less with no RF activity. The region contained a normal type
stream of bi-polar spots with a maximum area of 561 millionths on June 24, and

a mean area of 327 millionths during disk passage.
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?1 The activity was about the same during the second rotation with only
two importance 2+ flares on July 23rd between E34 and E4l accompanied by minor
RF bursts at meter wavelength and a probable type IV emission. The plage 4657
contained a pair of very small spots that disappeasred by July 22, at Wz23.

The first activity of any importance occurred in region 4708 on
August 19, at E26 when an importance 2 flare was followed by a type IV emission,
followed on the 2lst, 22nd, and 26th by polar cep absorptions with intensities
of 3.0, 10.6, and 16.6, db respectively. These PCA events have been associated
with major flares and great RF bursts et centimeters wavelenghts. (Figures 1.2

4.9 and 2.5).

The first flare reported from Region 4708 occurred at 1316 on August
=Y 15, at N14E89 with importance 1 (reported with importance 2 by Wendelstein, and
L 1 by Capri F). This flare was assoclated with small bursts at centimeter wave~
lengths as shown on figuwe 10.

Five small flares were reported during the next 48 hours with very
minor radio activity. An importance 2 flare at OT4O on the 18th at NL8ELO was
associated with small bursts at centimeter wavelength (Figure 10)., This was
followed by a period of relative quiet with five small flares, and no RF
; activity at centimeter wavelength, but considerable activity at meter wave--

o length. Another importance 2 flare at 2118 on the 19th was accompanied by a
type IV emission at meter wavelength and smasll bursts at all frequencies hetween

S Tftf:gu? gm SOLAR REGION 4708 THAT
DIBK BETWEEN AUGUST 15 AND 28, 1958
AND; REGION 4686 THAT CROSSED THE DISK BETWEEN AUGUST S,Mgi 18, 1958

"LARE SWF SPECTRAL F_EMISSTONS LAR CAP, ABS
B PEAK
DATE | START | ¥AX. | IMP. | POSITION | ONSET |DUR. ];ya o, |11 | o Ve £ [ONSET |MAX. [DUR.{FLUX [ At jONSET [Int. dv. | AT rl:;?'
s *8/07] 1457 lsgg 3 | 's16E71 | 1500 205 | 5 3+ 2800 | 1458 2204 25
gm 1500 11503 {15.5] o5
% 1516 11522 112.5§ 180 |37 ¢
1511 -
*8/13] 1205 | 1220 2 S14W18 None Reported| 2800 1| 1207 [1210 {11.5( 1315 |-10
*8/161 043z ] o439 3+| S50 [ ob3e | 168 s 3+ 0438 | o
39 |3750 | 043k [ol3g |60.0] 5800 Jo 0600 b;
oubo 57/3+ | 146756 * il Y e
169-9500
8fi9| 218 ggsg 2 | m8ee6 | 2200 65| s 2 2207 | 2150 2800 { 2205 |2210 |17.0] 33544
2320 11473 § 2ko/éG 3750 | 2206 | 2210 J10.0) 313 )48
2 169-9500
331
8/20f ooliz2 | ook3 2+ | H16ELT oob2 33 8 a2+ gg!/ag 3750 {00415 00k2,5 5.01 1450 {-0.5 [21/1k0¢ 3.0 hIgRh.2
o046 =3.5
g/22) daziig)l 3 | meno | w3 1wl s 3+ 3
500 { 1438 12800 1%30 | 1506 | 120] 1500
s | s 500(a8 1530 | 10.6 Rt X
167-9400
825 | ogug 1333 2+ | méwss 3000 0952 {1005 {74.0] 334 [+5
1003 2
1015 I gm
8/261 0005|0027 3 | NeoWwss oole 2ho| si
3+jo02L) 0030 | 0017 [3750 ) 0005 {-0041 | 50.0f 5050 <2k 1 K i
24/3) 2b0/3 | 13/200 * 0100 | 166 |oPssPl.s
} 167-9400

* THESE SOLAR EVENTS OCCURRED IN SOLAR REGION G686 WHICH CROSSED THE SOLAR DISK BETWEEN aUGUST § AND 18.
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1000 and 9500 Mc/ 8 (Table 13 and figure 10). Three hours later at 0042 UT on
the 20th, an importence 2+ flare was reported, with a type II emission between
0045 .9 and 0105, a probable type IV emission, and a major burst at 3750 Me/s
(Figure 1.2). The region produced 9 minor flares during the next 48 hours with
no activity at centimeters wavelengths and only minor RF emissions at meter wave=
lengths. A small PCA (absorption 3db) started at sbout 1400 UT on the 21st.

It should be mentioned that ' '
the large polar cap sbsorption ( »15 . o
db) reported at 0600 UT on August 16, *°[
has been generslly assoclated with sn ol
importance 3+ flare at OL33 in a large, m“_

érea 935millionths) and megnetically a

2000 p- ¥ 12

complex (on flare day) spot group in . \ A

L4 o 3‘9 /_/:\ o |
the -southern hemisphere at W50. The RF .l |* :\\/ﬁ ! ]
burst from the flare in region 4686 R S

is shmm in figure l .10 together with ' 1.10;16 Auguss, 1958, 3750 Mc s., | - Mitaka, 2.~ Tachk.,'S 13 W 50
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related phenomena.

h.3.1 The RF Emission, H & Flare, and PCA Event on 20, 21 August 1958

The major RF burst at centimeter wavelength and the importance 2+
flare that occurred near the central meridian starting at 0042 UT on August 20,
has generally been considered the source of the PCA event on the 21at with an
absorptioﬁ of 3.0 db. The FCA started sometime between e
1400 and 1730 UT, and if this association is correct, we '°°°_“ ]
have a time delsy of more than 37 hours which mskes this - -
event almost unique.The only other PCA with a possible b ]
long delay was a very small event with an sbsorption of -
only 0.5 db, on 12 September 1957, starting more than 23 v 26 ]

L WLLLI oo

hours after an importance 3 flare at 0236 UT on the 1llth w0l

at the central meridian. L ) i' —SWF ]
The sunspot group in this solar region had an - ! i :; ]

area of 1368l millionths, a Zurich classification E, and a ¥ “| éf‘ |

magnetic classification on the20th. wh E_ _2 .
The flare occurred during a magnetically quiet - | U?, L

period with no three hour K, grester than 3+ the day RSN
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before the flare, or greater than 2 on flare day, and the day following. A
sudden commencement magnetic storm started at 0227 on August 22, when the KP
index reached 6~ with the absorption still increasing.

The RF time history at 3750 Mc/s (Figure 1.2) shows a very rapid rise
to a peak of 1450 flux units in less than a minute, then decreasing to nearly
background flux within five minutes. The time of the RF peak intensity at OOU2.2
0043.3, and OOk at 3750, 3000, and 2000 Me/s (Figure 10a) 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., caleculated an integrated energy of 15 x
lO"18 J(Mec/s)'l which according to interpretation, would predict a particle flux
> 10 with energies greater than 30 Mev.

It is possible that one of the nine minor flares that occurred in this
region between 0042 and 1617 on the 29th, may have influenced the PCA on the 2lst;
however, none of these minor flares were associated with other phenomena that
might indicate that protons were ejected from the sun. As stated earlier, there
was no activity at centimeters wavelenghts and very moderate bursts at meter
wavelenghts. ‘

Again the region was véry quiet between 1617 on the 20th and 2350 UT
on the 21st. Between 2350 UT on the 2lst and 1417 UT on the 22nd, a series of
six small flares were reported with very minor RF bursts on both meter and centie
meter wavelengths, when an importance 3 flare occurred at N18W1l0.

4.3.2 The RF Emission,H & Flare,and PCA event on August 22, 1958

| The PCA that started sometime between 1500 and 1745 on Auguét 22 can
be unambigously associated with the importance 3 flare at 1417 UT with major
bursts at both meter and centi=-

meter wevelengths. The recon-
structed RF time history at 2800 o
Mc/s is shown on Figure 4.9

g
T T T

1200}

T

Leinbach ‘reports
that the Riometer onset of the
PCA was dpscured by & solar noise
storm. Anderson (1958) observed
solar protons starting at sbout
1530 with energies > 100 MeV | i
during a balloon flight above wol § Af{uﬁl 7]
Fort Churchill, with maximum I ey

10 20 30 40 50 1500 10 20 30 40 5

" aooop

600}~
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4.9 22 August, 1958, 2800 Mc 51 -HcM., 2 - Oha., NIBWI0
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flux between 1600 and 2000 UT. This
event was also observed by Explorer IV . | ' ' 1 T T
at 50° north geographic latitude at i ! 1
0925 and 1115 UT on the 23rd, and at I AJ N L P
1100 UT on the 24th (Rothwell & McIlwain ™ SEILVA L1\¥ 7 T
1959). The satellite data shows that wop- /TE . \5“’ T
Tt | F : 02
by the 23rd, the particles > 100 MeV " <JJ%f/ Lo \\\\<\\~ .
- SR, AP U NSRRI _ R
had begun to decay while the count=- b T 1_3 M D T T

0000 10 20 30 40 50 0100 0 20
2.5: 26 Augus, 1958, 3750 Mc 5, | ~ Cimx, N20W54

ing rate of the low energy particles _ ,
( < 40 Me¥) remained high with particles still arriving early on the 26th.

h.3.3, The RF Emission, H& Flare and PCA Event on August 26, 1958

The region produced a few small flares but was relatively radio quiet
on the 23rd and 24th. Flare activity increased during the 25th. An importance
3 Flare started at 0005 on the 26th accompsnied by a great burst at 3750 Mc/ s
(Figure 2.5) with spectral type II at meter wave length and type IV at meter and
centimeter wavelengths. Solar protons with energy > 4LOMeV were detected by
Explorer IV with the number of high energy particles decreasing as the event pro-
gressed.

Both flare and RF activity decreased as the region approached the West
limb. The last flare was reported at 1607 on the 26th at NL7 W65.

4.4 THE SOLAR REGION 5148 THAT CROSSED THE SOLAR DIBK BETWEEN 8 AND 22 MAY, 1959
The very large, bright and flare productive plage crossed the East limb
of the sun on May 7. This plage obntainted three large sunspot groups that laste
ed limb to limb, one spot that was seen in the 13th only, and two others that
lasted spproximately five days. The Greenwich spot 19335 is the leading part of
Mt. Wilson 114-121(‘751’0'1') and 19336 is the following part, while 19337 corresponds

to Mtt WilSOn l}"‘lza (x Spot) > TABLE 14 -THE SOLAR REGION 5148 THAT CROSSED
THE DISK BETWEEN MAY 8 AMD 21, 1959
Figure 11. This region pro= Ty ] SeroTiAL =
‘srm MAX. mdmmin SuF il wve| vem 4t sl rﬁ M, R, {FEAK] A v | FIo
| x| .
duced four flares with i e il R 4 Er ] S I e i B
20/3 3750 | 2254 | 2256.5 10 |2750
og*] 0123 0150 |3 |weoe78] mm
importance 2 3 and six RF N
2055 | 2160 N1gEY »
2o |3+ moa 7}5L/3¢/$60 g}gg 2‘153 i;g?&} 2" o 22 |2800 |2100 219 | >260 |2s00) 49, s1 410
bursts at 2800 or 3750 Me/s - St Tl o
1} 200612022 13 |NMoEkL| 5/3-/67 2020 {2008 |20
B N 2R R b it Il B Rl B LR A
with peak intensity pd 500 13 {.obo7 f oot3 | 2+ | eomas | s/2/36 s | o | oz 3750 Jos10 | 0523.2 | 5.0 [ 570(40.2
93 |es/i |18/3 i . .
0515 -0.9
-1.9
Flux units (Table 14). s a0 2 e oo 200 |55 | 1555.0 | 5.0 | 300] 206
-19.6
. 17 | 0523 | 0527 | 2+ | N21W30] 8/2+/35 3750 o523 | 0525 13.0 {3300 .2 6.20
i Q700 g;rgg 1 [ Neow30[ Sf2+/23 3750 0705 {0706.7 { 3.0 {1280 [-0.3, [6.8
4.3
18 NFP sf2/50 2‘;437 33750 0403 | 0bok.2 3.0 2750 6.6
i
J ] * This major flare reported by Sydney Gnly. No RF reported at any freguency, and no 3WF.
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Several importance 2+ flares were reported while the e

plage and sunspots were crossing the east limb. The first fa—37t

2400 Ih -

major event was a limb flare at 2250 UT on the 8th with a great
burst of RF flux reported at both 2800 and 3750 Mc/ s with large
bursts ( > 1000 flux units) at all frequencies from 200 to 9400
Mc/ g, We have here a case of large bursts with a possible

"U" type spectrum (Figure 1la Page 44 ). A strong type II
emission was reported by Fort Davis but no Type IV appeared to

‘ be present.
3 This event was followed within sbout two and & half = e>
hours by a flare with importance 3,(reported by Sydney only) kg

withno reports of short wave fade. The only RF emissions reported was a strong
burst of very short duration at 200 Mc/ s. It has been suggested that this major

flare and several small flares at the limb were actuaslly a part of the flare that

started at 2252 UT on the 8th.

4.4.1 The RF Emission, HX Flare, The PCA, and a Ground Level Effect on
10 1959.

A number of minor flares with only slight RF activity were reported
between 0123 UT on the 19th and 2055 UT on the 19th when a greé.t importance 3+
flare atarted. Within a very few minutes a very great RF Burst started at 2800
Mc/s which lested for at least three hours. This burst bad & complex rise to
peak intensity, decreased very slowly and was still well above background at
sunset.

The event was accompanied by both type II and type IV emissions with
strong indications that the type IV extended to centimeter wavelength, It has
not been possible to construct the spectrum for this event since the start

was not observed at 3750, 2000 or 1000 Mc/s, while the observations at
meter wavelength did not report maximum values

T T T T T T T T T T T

at 2149 UT..

T T ¥ T

T T H T

2400

2000 -

1600 3~

1200 -

800 l
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4.10 10 Moy, 1959., 2800 Mc/s., | - Lack., Soc. P, 2 - Honol., N19E47
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Solar protons started to arrive at the surface of the earth at about
0030 UT on the 1llth, about one hour after the start of the PCA. This PCA was
one of the largest on record and lasted for at least 6 days. &

k.y.2 The Major Flare and RF Emission on May 11, 1959

The RF burst at 2800 Mc/s that started four minutes after the start of an
importance 3 flare at 2006 show all of the characterisitcs of a PCA event, except
that the two reported times of flares maximum at 2022 (By Lockheed) and 203k
(vy Sac. Peak) followed the times of the principal RF peaks (Figure 7.4) by
less than one minute, The events also included a major type 11 emission
at meter wavelength and type IV of relatively short duration at both meter and
centimeter wavelengths. >

It is quite probable that this event cd
contributed to both the intensity and duration |

of the PCA which was still increasing when this = w;
AN .
Ja.
i ! we oz ]
L, L, - |
R N
,7%*TTT—T_E_T_T ~— |

1
2000 10 20 30 40 50 2100

new event started.

4.4.3  The Major RF Burst at 3750 Mc/s on
May 13, 1959
Data necessary to reconstuct the RF
Profile for this event was not available, however, it is probably of the narrow

7.4 11 Moy, 1959; 2800 Mc ’s.; 1 ~ Lock., 2 « Sae. P., N10E4]

profile type ~ class I.
This event may have contributed to the PCA on the 10th that was still at

a large absorption value.

..y Other Major Bursts

The region continuted to be both flare productive and radio noisy as it
crossed into the western quadrant. The RF activity at centimeter wavelength
consisted of impulsive major bursts with class 1 profiiles as shown in Figure

6.20, 6.8, and 6.6.
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- k.5 THE RECURRENT ACTIVE REGIONS THAT CROSSED THE SOLAR DISK BETWEEN

j MAY 17 AND AUGUST 14, 1959
R The Plage region 5265, that was the source of three great PCA events
on July 10, 1k, and 16, 1959, and the ground level effect on the 16th was in.

TABIE 15 BASIC CHARACTERISTICS OF REGIONS THAT
PRECEDED AND FOLLOWED THE JULY 1959 REGION 5265

PLAGE SUN SPOT FIRST FLARE
] o | | | e | m. | BB | | | w7 | |wah.| s | e | oo
AT, oD DATE
5070 | 3/28.2 | 800 718 19253 3/28.51 k3 3?; 127 | 14018 3/28.5 26-2 dﬁl 2 3/ | w36
Hoz | Wi "e _
[P 5205 | Bf2k.6 | 7500 18 19301 Lfak.70 19-29 2723 166 | 2ko7h Lj2h.8 19-28 ap,a 5 4/18 | & 86
=i T B2
: 5157 | s5/21.4 | bso0 N 20 19352 5/20.96 17-27 gﬁu 508 | 14139 5/21.0 15-26 d_p o 30 5/17 | E45
= il i 16
s20k | 6/17.5 | 9000 131 339 19396 6/17.46 1-23 %.}.1.11 856 | aher1 6/17.5 11-23 ¥z 70 6/ | %
330.4 EB0- N7
7.1 w79
il 5265 { 7/13.7 | 12000 .16 19448 T7/14,66 8-21 %;% 1sf2 | b2k T/ 8-20 181 82 /o7 | E 90
339 ‘::%g.h 383; W17
5315 | 8/10.1 | 11000 R17 19492 8f11.03 52k g%s 193 1 2k34B 8/11.3 415 1xd Hone
342 328.3 E76~ LT
Fh.9 W b7

its fifth transit of the visible solar disk. After one more rotation with

central meridian passage on August 10, the plage broke up and returned as four
small regions with areas of 800, 1000, 3000, and 3200 millionths of the solar
hemisphere, with central meridian passage on Septmeber 4.6, 5.5, 6.7, and 8.3,

respectively.
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The sequence of the plages with pertinent sun spot data and flare
activity is given in Table 15.

j —
e
@
© 19492 3
AUG. 5.14

2000

1500

1000

19448 JULY 821

500

-1 1000

1000

-
w
=]
=3
19396 JUNE 11-23

500

19352 MAY 17-27

-6 5 -4 3 -2 1 CcMP 1 2 3 4 5 6

12 DAILY AREA OF THE N THAT
FLE THE JULY 1959 GROUP 19448 {MT. WILSON 1L28W)

The sunspot group 19448 (Greenwich) (Mt Wilson 14284) that crossed
the Solar disk between July 8 and 21 was in its third rotation. The spot group
returned on August 5, but decreased rapidly and dissppeared two days after it
crossed the ceniral meridian. The daily areas and the sunspot drawings at CMP
are shown on Figure 12.

L.5.1 The Recurrent Regions 5070, 5105, and 5157

The first plage in the sequence formed on the visible disk (McMath
5070) as a small and moderatley bright region. A tiny sunspot was seen on 24
March; several spots appeared by the 26th and the group reached meximum area of
365 millionths on April 2. Two small flares were'reported on the 3lst at 0758
UT and 0853 UT at W36 and W35 reapectively.

The region returned, at N18 (McMath 5105) with an area of 500
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millionths. A small sunspot group appeared at E65 on April 19th as a
stream of spots lead by a diminishing regular spot. The group disappeared at W62
on the 29th. Five small flares were reported during disk passage, with no
activity during the last five days on the visible disk.
The third return of the region (McMath 5157) occurred on May 1k at
N20, and heliographic longitude 327. Two or three tiny spots were first seen on
the 17th. The spot group grew intc a moderate sized stream which developed rapidly
into a large complex group reaching a maximum area of 872 millionths on the 24th,
Greenwich reports rapid changes in the resr part of the group during disk passage.
The region was flare productive after it passed the central meridian, infact,
20 of the 30 flares were observed after the region was 4O degrees west of the
central meridian. None of the flares was classified with importance greater than
1+, and no radio bursts were reported at centimeter wavelength. Small coronal

looped prominences and very bright yellow line emissions were reported at west

limb passage.

4.5,2 The Solar Region 5204 Thaet Crossed the Solar Disk Between June 11

and 23, 1959

It is evident that the sunspot 19352 (Mt. Wilson 14211) continued to
increase in area during its passage of the farside of the sun since it
returned to the east limb on June 1l as a complex group with a large composite
spot as the principle component (Figure 13) in McMath plage 520k4.

.The region was extremely flare productive and radio noisy during disk
passage. Seventy (70) flares were reported with importance as shown in Table
L.5.1. Where we have shown the number of flares in the eastern and western gquadrants.

hﬂores
Imp. 1 1+ 2 24 3 3+ Total
E 28 5 s 2 1 0 16}
W 2k 3 2 0 1 30
52 8 6 2 1 1 T0

Table 4.5.1
Importance and East-West
Distribution of Flare From Sunspot Group 14211
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Twenty of these flares were accompanied by small burst at meter and/or
centimeter wave lengths.
Trotter and Roberts report_that moderate yellow line emissions, large
complex coronsl looped prominences, and moderate

ok ' o i surges were observed at the
~ ‘ 7 east limb on 9 June with the
“T loop prominences continuing
through the 1lth and the
surges through the 12th.
Because of these phenomena
end the fact that none of the
other spot groups on the visible
disk at the time, (including
several with areas greater
than 500 millionths) produced
a single important flare dure
ing the time spot group
14211 was on the visible disk,
. the major RF bursts at 2800

B 750 e e P Mc/s at 1635 UT and 1738 UT on
{ June 9 (Figure 6.10, and 6. h6) can be associated with the region with a reason=-
% ably degree of confid=

b T T T 1T T17177% T 17T T T T117% T T F T 1T T TF

ence. No flare was

16004
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reported at the time = (259 139 7

16 June 3 Tlare A8 June, 3#Flare

of the first RF burst, / ffﬁ Figure 6.21 i
while a limb flare of ’
importance 2 starting
Ty at 1707 is definitely
associated with the
second burst. Major

0358.2
13 June 1- Flare
Small PCA

VI TTTH
*
Pl 111l

H
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bursts were also

2

reported at decimeter
and other centimeter

0242
15 June 2+ Flare
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wavelengths during
the period from 1626 ) 4

e D e Bt wanoe :.“Z‘ v
through 1735 UT. 49957 = 5 *-4/9 the active region 5204 that crossed

the solar disk between 1l andza June.

1959.
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Svestka and Olmr reported an emission of type IV on June 9 at centimeter,
decimeter, and meter wavelengths starting at 1651, 1646, and 1635 UT respectively,
ending at 1750 UT. A type IV emission over the frequency range 50 to 25 Mc/s
starting at 1714 is included in the Maxwell, et.al., catalog of type II and IV
radio bursts.

Jelly and Collins, report a polar cap event starting sometime on the 9th last-
ing for three days. Another small PCA was reported by Kahle, Besprovanngaya
and Jelly and Collins on the 13th with start times ranging from 0800 to 1330.
This small PCA has been associated with an importance 1 flare starting at 0357
at N17 E58. Major bursts were reported all centimeter wavelenghts.

The spectral characteristic is shown on Figure 13a Page 45 . We have also
shown the Spectral characteristies of the RF bursts associated with the importance
3 flaré on the 16th, the 3+ flare on the 18th, and the two importance 2+ flares on
the 12th and 15th.

Spot area, flare activity, and RF burste at 2800 or 3750 Mc/s, associated
with the sunspot group 14211 are shown on Figure 13. We have included the 3-hour=-
planetary index and the Deep River Neutron monitor data for the period of disk
passage.

The Mt. Wilson sunspot drawings are also included for the llth, 13th, 18th,
and 23rd. These drawings have been oriented with east to the left.

The RF burst associated with the importance 3+ flare on the 18th is shown

on Figure 6.27. T

A moderately severe sudden commencement geomagnetic ? .

storm of short duration on June 1l was followed at 0909 by o 7]
a small Forbush decrease of 4.4%. Neither the importance 3 o)
flare on the 16th nor the importance 3+ flare on the 18th
caused geomagnetic distrubances even though both flares -

400 }—

occurred when the region was near the central meridian.

While this region was well above average RF 20—
activity during the first eight days on the visible

1130
6.27 18 June, 1959; 2800 Mc 's; 1.— Wend.,

hemisphere, it was relatively quiet during the last four 2 Woud, 3 - Locan; NIEWT
days. The spot group decreased in area and complexity and the west limb passage

occurred with minor coronal activity and only moderate surges.
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oy There were strong indications that the region was dying out, however,
|
i when it returned to the east limb it had increased in area during its transit

of the far side of the sun.

4k.5.3. McMath Plage 5265 and Great Events During July, 1959
The most important return of this long lived solar region approched the

east limb from the far side of the sun with coronal looped prominences and
moderate sized surges on 7 July. The sunépot group was first seen by Mt. Wilson
(1428k4) at 1843 UT and by Greenwich (19448) at 1550 UT on 8 July. The group

*? crossed the east limb as a large complex spot (Figure 14) with occassional small

companions that grew as it crossed the visible disk, reaching a maximum area of
1981 millionths on July 17. The group began to spread out On July 16 and break
up into several diminishing components. The daily sunspot maps of spot group

B 14284 based on Mt. Wilson drawings are shown on Figure 1k4. -
»} The McMath plage covers five additional spots as shown on‘Figure 15 for
July 13, with the days the five spots
were seen, (the position of spot
14296 is indicated on the figure,
however, this spot was seen on
June 14 and 15 only.)

Eighty=two flares of im-

eeai e

portance 1 or greater were re-
ported in the neighborhood of spot JOLY 13, 1326 01

14284 SEEN 8-20 14285 SEEN 9-20

1428k during disk passage. The wmmmel s

number of flares of each importance
i for the eastern and western quadrants FIGURE 15 SUNSPOT GHOUPS IN PLAGE REGIOK 5265 ON JULI 13, 1959

are shown in Table 4.5.2.

o 1 1+ 2 2+ 3 3+ Total l
E| 33 6 2 1 2 3 L7 i

W 27 3 3 0 1 1 35

60 9 5 1 3 L 82

Table L4.5.2
Flares Associated with Sunspot Group 14284
Nine small flares were reported during the first two days on the visible
disk with no RF emissions until a few hours before the very great event at 0206 UT
on the 10th when three major flares were reported at(R06, 0514, and 0539 UT. (It is

probable that these are one long duration flare starting




1 ~ Report No. 00,1081
! Page 34

at 0206 and ending at 1000 UT.) Great RF burst started at centimeter .,
decimeter: , and meter wavelenghts almost simultaneously with the start of the
flare with a peak of 26,500 flux units at 9400 Mc/s. The RF time history at
3750 Mc/s is shown on Figure 4.8. Spectral emissions of type II and type IV
were reported by Sydney, starting at 0222 and 0223 respectively. Svestka and
Olmr report a probable type IV emissions '
at centimeter, decimeter and meter wave- |
lengths starting at 0209, 0208, and 0207 . |
respectively., This great event was ‘
1 preceded by an importance 2 flare at 1930 ; “°r

R ————

on the 9th accompanied by a type IV w0 | -} S oo
emission at 2044 UT, reported by Fort - e e T
Davis over the frequency range 580-25 i M '4; f .;.‘, \ ]
) Mc/s with importance 3, lasting for more ™[ | T e | \ o j

T
!
m 1
R
R
|
R
e e
i
{
- i
[—
|
- 1
k3
- !
L

then 3 hours. Svestka and Olmr report
a type IV and type II emission over the

0200 10 0 30 40 50 0300 ]

4.8 10 July, 1959, 1 - Tachk., 2 - Syd,, 3 - Alma A., N20E63

centimeter, decimeter, and meter wavee
lengths starting at 2020, 2023, and . .
2042 UT respectively followed by another burst at 2110, 2103 and 2112 UT
reapectively, ending at 2240, although the smissions at single frequencies in

: the centimeter and decimeter wavelengths were small. The major events associated.
] with sunspot group 14284 are shown in Table 16. '

TABIE ‘16 THE BOLAR REGION 3265 THAT CROSSED THE
SOLAR DISK BETWEEN JULY 8 ARD 21, 1959

TIARE r SPECTRAL, RY_EMISSIONS POLAR CAP, ABS, -
§ — o
DATE | amART | MAX, | tmp. |PosTTION| oMsET Joum. |TYPE jmwp, | 1 e | Ivem r luum- WX, |oum, |Fux Y3 avasr ab LT N
“y
! 7/6 | or03 jorka| 1+ | mezes Pirst.flare in region 5265. No|associated phenomens reparted
4
; /o9 | 1930 |a0s6| 2 | mgmer | agiz {2 | 8 |ae 20w | 2000 la8oo | 2oi2 | 2006 | 20.0] w13 g 2000 jixn & 32
sk / 1959 196/3 : 1kofég +43
2001 167-5400 +41
2046 o
/10 | o206oee2 | 3+ | meoE63 | 0200 [150 | 8L { 3+ om;/t 0209 3750 | .Cozog 022k } sk | 6300 @ o4o0 20,0 }1b s (]
;i . 236 WA 91/3% 0236.5) 5000 +0.5
i 0308 167-94k00 9/2000 ~ 10/1000
| o514 3+ | messy amso| onu | o526 | 203 26
053910908 | 3 | N20ESB | 0605 (155 | O | 3+ Koue reported.
/2 | 2134 |2230] 2+ | momen | 2220 {100 | & | 2- 2800 | 2824 | 2228 | 16:0| 80 -2
2231 3750 2225 § 2228 | 15.0 105 -3
2250 A3
2250 -23
7/23 | oes5{okio] 3 MR8 | 0405 | T7 6 {2 3750 | 0248.8 cug.5| 3.0 Eg
3000 | GRu9 | @50 | 3.0 3
T/1s | 0325 [03hg | 3+ | MITROW {0328 (180 [ & | 3+ 03375 okol/s { 0337 | 3750 0330 ; 0356 {100. { 6000 4.0 oUhs 23 [1Fad L
0520 | 0527 3u/3 | 129/3 |198/306 |
: /o5 » Dfoso0
nhe | asesfisse| s | mwer | 6w fea | s |2 m.yn 2800 1613 ; 165 | 9.0{ 350, g
1625 73 : i 0
1616 : ! a
1618 ; =3
21h {2125 | 3¢ | mowzo { 238 farr | 5 | 3+ | ;| 21, 2121 |e8o0| 2118 | 2122 {MBo | koo |2, -7, -9 | <2250 21.2¢ | 1B 3™ 2.9
2129 3 262/4ﬁ 159/306 [T Y200 149, 45, 43
2131 167-T400 j 2159 6500 | 429, 325, +23 |16/2200 - 17/0600
l * Ground level effect at 2250. 1 l
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The great flare and RF bursts on the 10th was followed by one of the
greatest PCA events reported during the 19th solar cycle. This was the first
of a sequence of three great events from the region. The PCA was observed by
riometers, ionosonde, and forward scatter techniques. Besprozvannays gives the
onset time at 2000 UT on the 9th, indicating that the flare at 1930 on the 9th
may have caused minor polar black outs. There was also some indications of
absorption on the College and Barrow riometers at about that time. However,
the main event starts at about 0400 UT on both the College and Barrow riometers
(Figure 1k) with maximum sbsorption greater than 18db at 1630 UT on 11 July.
A sudden commencement magnetic storm with & maximum Kp of T- started at about
the time of maximum absorption. This was followed in about one hour by a
Forbush decrease of sbout 9.9%. The Deep River neutron monitor count remained at
the dépressed level until about 0830 on the 15th when a second decrease started.

The region remained flare productive during the next four days with 23
minor flares and one major flare, however, seven of the flares were accompanied
by relatively weak RF emissions at centimeter wavelength.

The absorption at College and Barrow
was still high when another importance 3+ .

flare and great RF bursts at centimeter and ™ 7
decimeter wavelengths were reported at 0325 sws |- ‘ i 1”“:
UT on the lhth, (Figure 4.7). Type II and K e
type IV spectral emissiong were observed at b = —,4&L%i“l ---2e ]
Sydney, and type IV was reported by Svestka & ! ? \ :§3 ______ we_
and Olmr at centimeter, decimeter, and meter Lt kjfiﬁ# \Jﬁ o]
wvavelengths preceded by a type II emission. T thj"____%______”, " ]

The second of the very large.polar I e - T

47 4. July, 1959, 3750 #c ‘5., T - Tochk., NITEOT

cap absorption events started in less than
two hours after the flare, with an absorption of 23.7 db. The College and
Barrow riometers (Figures 14) indicate onset time at about 0500 UT on the lhth
while ionosonde data indicates onset sometime before 0700 UT'reaching maximum
absorption at about 0800 UT on the 15th. A severe sudden commencement
magnetic storm with a maximum Kp of 9 started at 0803 UT followed in about 30
minutes by a Forbush decrease that reached approximately 15% by 2400 UT. In
this case, the couhting rate increased rapidly reaching nearly the pre=decrease
rate by 1200 UT on the 17th sbout two hours before the third great PCA.

The third great PCA's associated with the major flare at 2114 UT on the
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16th and great RF burst at centimeter wave
length , (Figure 2.9). The PCA started some-

o 7 time before 2250 on the 16th, while the absorpt=
~ -jon was still high from the event on the

2.1 B 14th. High energy particles started arriving
at the earth by 2250 and protons with energy

6000 —

5000F—

4000}—

] greater than 90 MeV were arriving more than

— 9 days later,

3600

==

2000

Kiﬁﬂ 25— Only six polar cap asbsorption events

\N“\Aum" nave been observed with an absorption of 20

T
P
)
]
"
*

1000; —t

-
o o it wlte S

______ db or greater. Three of these followed msjor

’“’ g e flares from sunspot 14264 on 10, 14, and 16
R ' July 1959, with absorptions of 20, 23.7 and

21.2 db respectively.
Only 13 RF emissions at centimeter wavelength reached a peak

greater than 5000 flux units, and three were agsociated with this group of events.
The sunspot group begen to spread out on July 16 reached it maximum area

1
OO |

on the 17th and began to break up into several decreasing components.

4.,5.4. The Final Passage of the Recurrent Sunspot Series

! The long lived active regimn returned to the visible disk on 2 August and
~t was cataloged as McMath plage 5315 at mean latitude N18. Heliographic longitude
. 342. The plage contained three sunspot groups that lasted for ten days and two
R one day spots.
Sunspot 14348 was the fourth return of the spot that formed on the
! solar &isk on May 15, and the return of the group 14284 which had started to
break up as it approached the west limb of the sun. It is evident that the
| break up continued as the group crossed the far side of the sun, since it returned
as & small complex group with several companions that gradually died out, at
central meridian passage two tiny spots remaindl with an area of only 51 millionths
(Figure 12) the spot group was last seen on August 14 at West 47. No flares wem
reported in the viecinity of this group.

k.6 THE SOLAR REGION 6964 THAT CROSSED THE SOLAR DISK BETWEEN SEPTEMBER
13 AND 26, 1963
This bright and moderatley large plage was first seen on September
13, at N12, it contained a large (meximum area 1770 (USNObs.) on the 20th)
magnetically complex sunspot group (Mt. Wilson 15768). During disk passage,
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ﬁq the region was the source of two importance 3 flares, 6 major RF burst at

ad 2800 or 3750 Mc/s, and two polar cap absorption events, one near the central

meridian, the other near the west limb. The reconstructed RF time histories

are shown on Figures 6.7, 7.5, 9.3, 1.7a, and 2.6 respectively.

4.6.1 Small RF Burst on September 14

This RF Event does not quite meet our requirement of 500 flux units
or greater for non-PCA events. This is a narrow impuléive profile superposed
on a long duration gradual rise and fall in flux (Figure 6.7). However, becaus
this event occurs near the east limb in the region ' y T
that porduced 87 flares during disk passage, the event B

400 |-

might be considered as an indication of events to i

come . 4

i
t
r i
i

bt =

by
np 20 30 40 50
6.7 14 Sept,, 1963; 2800 Mc s, 1 ~ McM., N12E72

4.6.2 The Very Great Burst On September 15

This was one of the very great RF events during
the 19th solar cycle, the flare wi@h importance 2 ;w 14;,]-;0‘w:]’ e
started at OOl5, with reported maximum at 0027, 0038, ™ ° . & .o °
0040, and OO42. This event stisfied all of the conditions for a PCA including
a type II emission at meter wavelength, a type IV (S8vestka and Olmr) at centi=
meter wavelengths, and a great short wave radio fade. The reported times

- of flare maximum can be reasonable associated with RF peaks as shown on

"Figure 7;5.

Flare RF RF L - ]
Max Peak Peak Int. ) L _
0038 0037 4500 i |

0040 0040 4600 B
00ok2 0049 8080 i ]
- -
w000 4 t FLARE _ o0 _»_:

L l ]
3 - I}_{__!__}FL;RE-____,_\_.[_&
L i ; : -1
| 1 ] is i 1 1 L

1 Il
0010 20 30 48 50 0100 0 20 30

L

7.5 155ept., 1963; 3750 Mc “s.; | — Thom; 2 — Mani., 3 — Lock., 4 ~ Honol., N1SE75; 5 - Erkut., S31E65
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All of the conditions for a PCA seem to have been met except that the
flare and region are still near the east limb. An apparent unfavorable
condition. However, Hakura reports a small PCA starting at 1030 UT, based

on fpin, minimum observable frequencies on vertical sounding ionograms.

4.6.3 The Major RF Burst at 1436 on September 16

A flare starting at 0300 was reported by Tachkent and Kadaikanal with
importance 3, and a very small burst at 3750 Mc/s, followed by an importance
2 flare at E48, starting at 1430 UT and an RF burst with a peak of 710 flux
units. This was a long duration event and a flare with six different times
reported for flare maximum as shown on Figure 9.3 Hakura reported a very
small PCA starting at 1600 based on fpin ionosond data. Again, we have
an event satisfying most of the conditions for a polar cap absorption.
Masley et al, reported a period of enhanced cosmic noise absorption during
the period of September 15 through September 29.

600— A .
i
L _ 1 j
8y

400{— Y | - SWF __/____X_ "ﬁ‘s_.:

I 1 6.3 | ]
i 2 5 6 1
200 | 1 |
4 { T FLARE ! 1630
I H - e
I \

9.3 16 Sept., 1963; 2800 Mc 's., 1, 5, 6, - Otta; 2 ~ Loco.; 3 ~ Sac. P., & — Herst., N13E49; 7 — Sac, P,, B — McM, SO9W08

L.6.4 The Great Burst at 3750 Mc/s Starting at 0100 on 21 September

This was the 13th (in order of magnitude) great burst during the solar
cycle. The PCA starting sometime between 0000 UT (Bailey) and 0020 (Basler
and Owren) has been associated with an importance 2 flare starting at 2314
on the 20th and the major burst with a peak of 1400 units at 0001. A

period of relatively low emissions existed from about 0010 until 0100 when



. | | L Report No. 00.1081
. Page 39
| the great burst started,

with a peak of 505C
units, at 0115 UT laste

Ty 1 T T ¥ LA L | T T ¥ T
ing for about 40 -
sooo}-— i -
minutes. - B BO  pca H \ .
R N T : el
The flare associat- - | ' v P\ sy
- \] 3 4
ed with this event has ol i 3 J[j X }
. SWE 1 ms
been studied by thé S "2 . / 3 \ ]
- 2000 : 1
Lockheed group. They S = 11 I Flae 7 ! CLN
- Fla . 1
report bright spray like L E ! j a
1 H ll
ejections and a giant ! LW A R
2340 501 7020 2400‘9 N 375!0 5 202 show » 40 50 2500 10 20 30 40
dark surge preceding the Ja; Nm'm'é,.,f ;,ku.,on’:;w;;, heet 2 Showing the Great burst ofter the PCA onset, 1 - Lock., 2 - Sac. R., Henol., 3 ~ Sac. P.;

flare, with high speed
disturbances during the flare.

4.6.4 The Major RF Burst and PCA on September 26

The last of the great sequence of events that
occurred during the passage of Region 6964

— across the solar disk, is associated with an ™ ! T
importance 3 flare as the region approached wl i .| | o
It <
. the west limb. The flare is outstanding in . l'm'ﬂ: 1] i e WF' 5
Ul <0638 4=
many respects, having been observed by 16 X ," ’,5;: ¢s o V\_A\w\[‘/\j
1 3
} observatories, with twelve times of flares o ;EE T
[ -
maximum reported, maxima ranging from 0712 ook :H
-' -
} to 0757 as shown on Figure 2.6. R
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L i |
¢ 5 6004~ g :
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400 it
.
i
11
"I i
1!
iht
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5.0 SPECTRA OF ACTIVE REGIONS, AND PROTON-WARNING CRITERIA

5.1 TIME RELATION OF FLARE MAXIMUM AND RF PEAK FLUX

It was shown in Reference 4 that in the case of major flares (import=
ance 2 3) that if the time of flare maximum, and RF peak intensity at centimeter
wavelengths (1420 Mc/s to 3750) satisfied the conditions:

1. The time of RF peak followed the time of flare maximum

(& t2 0) there was a T9% probability that the flare
would be followed by a polar cap absorption event.‘
2. The time of RF peak preceded the time of flare maximum
(A t & 0) there was a 90% probability that the flare would
not be followed by a PCA event.

It was also shown that 87% of the major flares that were followed by

a PCA event, the RF peak exceeded 500 flux units, while 75% of the non-PCA

flares with importance 2 3 the RF peak was less than 500 flux units.

The study was extended in Reference 5 to include all events at cm
wavelength with RF peak 2 500 units, and all PCA events associated with minor
flares (importance € 3). It was found that the time of RF peak preceded the
time of flare maximum for 78% of the events that were not followed by a PCA.
While A t» O for only 44% of the minor flares that were followed by a
polar cap sbsorption.

It is recognized that the statistical analysis left several important
questions unanswered. In a large percentage of the cases the numerical value
of A t is two minutes or less. It is well known that the reported time of -
flare maximum may be in error by several minutes. While our statistical sample
is large enocugh for the number of errors to balance out, a more reliable
determination is necessary to give a high confidence level to the study. As
stated before, efforts to obtain more relisble values for the time of flare
maximum through a visual analysis of flare patrol flares proved to be very
time consuming and unreliable. ‘

Reconstructed RF time histories with all reported times of flare
maximum and other related prompt phenomena showed that the class of the RF
profile is an important parameter.

The correlation of multi~peak RF emissions with different time of
flare maximum reported by different observers, (multi-maxima flares) showed
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considerable promise, however, improved observations of the flare morphology
must be developed before a reliable algebraic value for A t can be obtained.

5.2 SPECTRAL CHARACTERISTICS OF RF EMISSIONS.

The correlation of proton events and type IV radio emissions in the
@ynamic spectrum has been the subject of many investigations, although they
have been severly handicapped by the limitations (until very recently) of
spectral observations to meter wavelength 10-210 Mc/s at the CSIRO Solar
Observatory at Culgoora, Australia, and 100-580 Mc/s at the Harvard Radio
Astronomy Observatory at Fort Davis, Texas. With Spectral data limited to
these two observatories thereis a period of approximately 6 hours (0700 to
1300 UT) without spectral (sweep frequency)cbservations.

Several investigators have, derived type IV data from single frequency
observations at meter ( <300 Mc/s), decimeter (300 to 2000 Mc/s), and
centimeter wavelengths ( > 2000 Mc/s). The most recent catalog of type IV
emissions published by Svestka and Olmr has been used in this study to complement
the type 1V data from the sweep frequency data and the list of large centimeﬁer
type IV bursts observed at the Heinrich-Hertz Institute, (Krivsky and Kruger).
Based on these data we have associated a type IV radio burst with 36 of the
4O PCA events that we have been able to reconstruct the RF profile at 2800 or
3750 Mc/s.

The distribution of events with type IV emissions is shown in Table
5.2.1. below.

Number IV m IV em v

Events HARV or CULG Svestka em and/or m

PCA NoPCA | ©PCA  NO PCA PCA No PCA | PCA NO PCA
Class 1 ©| 1 46 6 10 8 15 8 15
lass 2 10 T 8 1 9 b 10 L
lass 3 7 1 6 1 6 1 6. 1
lass 4 12 8 8 5 12 7 12 8
4o 62 28 17 35 27 36 28

Table 5.2.1
Emissions at centimeter and/or meter wavelength
for each RF profile class
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wi In the case of the 62 non-PCA events with reconstructed profiles at 2800
i or 3750 Mc/s we find type IV emissions for only 28 events.

Based on these data we find that 90% of the PCA events have a type IV
emission at centimeter or meter wavelengths or both wavelengths, while only 45%
of the non-PCA events show a type IV association. If the correlation is extended
to include the 33 events that we have not been able to reconstruct the RF profile
at 2800 or 3750 Mc/s the percentage with a type IV asscciation is reduced to 35%

for non-PCA events.

It must be recogmized that type IVemissions may have existed for one or

o more of the PCA events and some of the 62 non-PCA events.
M} The type IV associations are shown in Table 1 through 4 for the PCA events )
B and Tables 5, 6, and 8, for the non-PCA events.

! Table 9 lists outstanding RF Events not followed by & known PCA with RF
B flux > 1000 units at one or more of the frequencies 2000, 2980, and 3000 Mc/s
with small ( € 500 units) or no reported emissiqns at 2800 or 3750 Mc/s. Four

of the 12 events er only 33% have a probable type IV emission at sentimeter
wavelength. Six of the events opcurred during the normal sweep frequency -

observing time at FT. Davis or Culgoora with no type IV emissions reported.

5.3 SPECTRA OF ACTIVE REGIONS

Recently Cestelli et.al., (1967) and Castelli, (1968) have investigated
the RF bursts associated witha number of active regions for which consistent
observation at both meter and centimeter wavelengths were available from the
Sagémore Hill Solar Radio Observatory. The spectral plots ghow the burst maximum
flux reported at frequencies from the meter through the centimeter wavelengths.
Six frequencies from 606 Mc/s to 15400 Mc/swere used. He found that at least
for the regions studied, certain active regions consistenly have the same type
of spectrum for many days. To present a valid spectrum the reported times of
peak flux for each of the frequencies must ﬁot differ by more than a few

minutes. Cases for which a time of peak flux is not given or where the actual
peak is not recorded should not be used.

buring the course of our study we have examined the RF spectral
characteristics of a number of regions with sufficient RF data for several
events during disk passage. We have included the spectral characteristics for the
four outstanding regions listed in Table 5.2.2.
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Figure Active Date of
Disk Passage

10a k708 Aug. 14 to 28, 1958

1lla 5148 May 8 to 22, 1959

13a 520k June 11 to 23, 1959

1ha 5265 July 8 to 21, 1959

i Table 2.2

Regions Analized for Spectral Characteristics

We have given the time of Peak flux for each of the frequencies and have
indicated a PCA if one is associated with the event; the associated flare
importance is also shown in some

cases. -

5.3.1 Spectral Character-
istics of the Region h
L7708 August, 195

T T T VTIT

The region that crossed the
Solar disk between August 15 and
28, 1958 is an outstanding

example showing the. persistence

T

103

of spectral characteristics for

o idll

RF PEAK FLUX UNITS
T T TT717T

gseveral days. Seven bursts with

T
i

good data were recorded, ranging

from small to major bursts at

102

a.  Spectrum of outstanding <olar radiv
e 1 with-the active Regiun 4708
e d1sk between 15 and 28 August
the event on August 16 assuciated with

centimeter wavelength.

T T TTrTiT

it bt

Figure 10a shows definite
"U" shaped spectrum with a i N
miminum between 1000 and 2000 Mc/s
for the three PCA related RF Bursts 'l —— L1 iiii 1 il
with a peak flux: On August 16 rrsouecr
between 0439 and 004O; August 20 between 0042 and O046; and August 22 between
1503 and 1509; there were no valid observations at meter wavelengths for the
related burst on August 26 with RF peaks at OO4l or OOL2, however, the intensity

decreases as we go from centimeter to decimeter wavelengths. The spectrum for

the burst on August 19th is relatively flat, Finally we find fluctuating peaks
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j in both the centimeter and decimeter wavelenghts, for the August 16 event at 0658.

5.3.2 Spectral Characteristics of the Region 51’4—8 that Crossed the Disk
Between May 8 22, 1959

We have sufficient reliable data to analize the region that was the source
of the great PCA on May 10. Unfortunately we have only two points for the PCA
‘ ‘ related RF burst. The data for

2N T T the large burst on May 17 with
ok O\ 1 RF peaks 0525 and 0529 UT and
] E \-\ L the small burst on the 13th
M % - '\. ,‘ﬁ”'/‘/......, . ;c'f‘ - with peaks between 0512.5 and
- : oL, \, /Z/S‘ngf';:”%"‘?"s | 0513.1 both show the "U" shape
f E S \\Z//"’ e while we have a relatively flat

spectrum for the event on May

ripre . spemmotonsmnty ] O With RF peaks, between 2256.5

solar radio bursts associated with -
the active region 5148, that crossed

lz;-;;om drisk between 8 and 22 May, | and 225 7 With decreas ing flu.x

1.2 13.2 - < .

T 1T VITTT

from the centimeter to the

10 £ R EEL 1 i1 11311
102 10} 10*

i . Y decimeter wavelengths.

FREQUENCY Mc/s

5. 3.3 §Eectral Characteristics of the Region 5265, the Source of Three of the
. Largest PCA event of the 19th Solar Cycle
Large polar cap L T r: ]
B absorptions have been associat- i : *\n\ , . -
ed with major flares on July ol \\ S e ]
10, 1k, and 16, 1959 at 0206 . oe z.,,;{-___.g,;,] .
UT, 0325 UT, and 211k UT i N 2
respectively. A small PCA I }3’ i
event with onset at 2000 UT on ] L 3 |
July 9 based on fpin data has £ dauo " s 3
been associated with an import- E” ) /,—/l/%‘ge;:w E
ance 2 flare at 1930 UT on the ' F \\\ ) a7 P i
9th. The RF emission at 3750 § ! ;7\ B Aé;’/ . S b I erens ]
Mc/s on the 10th and 1lhth, and 5 m ~ \\w N /n’“ // |
the emission at 2800 Mc/s v F \D 7 / 3
on the 16th were among the - \ ya \///An e :sizsépm‘,“;o‘i:‘o:‘:.‘;:n‘i.g::i 3
; greatest bursts of the I S e m—— i
R e T
e —

FREQUENCY Mc/s

|
i
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solar cycle. Unfortunately the RF data are too incomplete for the bursts that
started at 0209 UT on the 10th and at 0330 UT on the 1ith, to show a reliable
spectral plot. The event on the 10th does show (Figure lhka) strong indications
of a "U" shaped spectra. The data for the event on the lith are quite unsatis-
factory because of the unacceptable differences in the reported times of burst
peaks i.e. The reported peaks at 3750 and 9400 Mc/s are 0356 UT and 0349 UT
respectively while the peaks at 1000 and 2000 Mc/é are 0h23 and 0420 UT respect-
ively. A "U" shaped spectra is indicated but not without question.

In the case of the great RF and PCA events on the 16th we have the peak
flux and time at 2800 Mc/s but the RF onset and peak occurred before sun rise
at Nagoya (1000, 2000, 3750 and 940Q Mc/s) and Tokyo (200, 3000, and 9500 Mc/s).
Data for the three small bursts with peaks at 2227.6 UT, July 1llb; O64LT UT July
15; and 1615 UT on the 16th are complete and show a strong "U" shape.

‘ If this criteria is a real property of PCA or "Proton Regions" the
necessity for a full 24 hour patrol of the sun with adequate overlap is clearly
demonstrated.

5.3.4 Spectral Characteristics of the June 1959 Active Region 5204
The June 1959
active Region 5204 which
crossed the East linmb on N T T T oo T

June 1l was chosed be~-

525.9 139

cause approximately 1k I SRR A
days after it crossed ’
the West limb of the
sun on June 23, it re-
turned on July 8, to
almost establish a

proton productivity record

as it crossed the disk 10

0358.2
{3 June I~ Flare
Small PCA

LR BLERER
11ttt

T
1

4

RF PEAK FLUX UNITS

as region 5265 . 0242
15 June 2+ Flare

-0
.

T~ 1T 1T 01T
O |

The region 5204 was

P 0749
-” 12 June, 2% Flare

very active with 70 flares L

Figure 132 Spectrum of the out<tandiug
. - solar radio Bursts associated with
T e the active region 5204 that crossed
including two with 50 49 the solat d isk between 1l and 23 Junc.
. 1959.
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| importance 2+, one importence 3, and one importence 3+. There was

also a probable small PCA event on June 13 associated with a small flare
near the East limb. RF bursts were reported at centimeter wavelengths at
the time of all five flares. These RF bursts show (Fig. 13a) the decreasing
flux with decreasing frequency at the centimeter wavelengths. Peak flux data

is reported at meter wavelengths for only two events,the very smallRF burst on 12
June and the small PCA event on 13 June. Both of these events have the "U"
shaped spectral characteristic.

o 5.3.5 Spectral Characteristics of RF emissions Associated with White
Light Flares
i Castelli et.al, examined the spectra of the RF bursts associated
‘with nine white light flarec that were reported between 1956 and 1969
j listed by Svestka (1966) and included here for convenience. We have added

" the pesk absorption for the PCA events and the RF profile number for the events
with reconstructed RF time histories.

* FLARE L Related Phenomena RF
“““ : « : Fig. No.
. NO| Date CMD IMP Durat. | IV PCA GLE | This
] White dv . "] Report
» - Light
! 1] 2/23/56  +79 3+ 5 Yes 13.0  vyes 1.8
2| 8/31/56 15 3+ 1m Yes 4.9 2 b1
3| 8/30/517 -2 1 200 Yes - - -
d b| 9/03/57  +30 3 6m ? ? - 7.2
51 3/23/58 -4 » & Yes 3.2 -
! 6| 3/30/58 63 2 om - - - -
7| 4/0859 -85 2+ 7 Yes - - -
8] 9/03/60  -88 2+ 15" |Yes 3T Yes | L.k
9]11/15/60 433 3 3m Yes 20.0  Yes 2.1

Table 5.3.1
White Light Flares, 1956 Through
1960 with Related Phenomena
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Five of these flares were followed by PCA events and three, (possibly four)
‘were followed by a ground level events (GLE). Castelli et.al., show a definite
"U" shape spectra for three of the events (1, 7, and 9). Possible "U" shape in
two additional cases (2, and 5). The flux is decreasing with increasing wave=
length in three cases (4, 6, and 8) while only one frequency (1000 Mc/s) with
a very small flux is available for (3) the August 30, 1957, event. Only two of
the definite "U" shape spectra were followed by PCA events (1, and 9) while
both of the possible "U" shaped were followed by small PCA's (2, 5). The spectral
shape of the remaining PCA (September 3, 1960) is incomplete with no emission
reported at meter wavelengths. The RF emission at 3750 Mc/s on September 2, 1960
was the second greatest ever reported at centimeter wavelength.

5.3.6 Spectral Characteristics of the Active Regions During the
Increasing Branch of the 20th Solar Cycle.
Castelli (1968) has shown the RF spectra for 15 RF bursts recorded at the
Sagamore Hill Radio Astronomy observatory during 1966 and 1967. These include:

(1) Four large events — T S — I
during July and September 1966
without a type IV or PCA associa-

: 4 27,4

21.5
z4.3/“* 1525.2
/{// .
26,
29
21.1

Figure 6-3s Spectrum of the great solar |
dio.bursts with the imp
3Bl Major X-ray burst and smatl
pabsorption on 28 August 1966
showing reported times of the RF peaks.

T T 7T7TY

tion. These spectra show decreas-

ing flux with increasing frequency.
(2) Four large events with

& type IV assoclation. Two of

these events have the "U" shape

spectra. Oneis followed by a

small PCA (August 28, 1966, see .. T

Table 18). The other on August , R r sauENCY Mes

26 with low flux at centimeter wavelength. Both of these events together with

the large "U" shaped event on September 2, occur in the same active region B461.

Castelli finds that all of the PCA associated events show the "U" type spectra

or decreasing flux with increasing wavelength. This is also true for other large

events not followed by a PCA but associated with a PCA region. We have included

(Fig. 6 ~3a) the spectral plot for the PCA associated event August 28, 1966.

Based on the events that we have analized from the 19th Solar Cycle and the

events analized by Castelli from the present (20th) cycle there is strong evidence

thﬁt a potential proton producing region mey be identified during the first two

or three days after it crosses the East limb. This may lead to two or three days

of advanced warning of a proton event.

5

RF PEAK FLUX UNITS

{
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6.0 SOLAR ACTIVITY SINCE 1963

The minimum for the 19th solar cycle'based on the smooth observed sun spot

members occurred during October 1964. The time and magnitude of the maximum for

the 20th solar cycle has been predicted by several investigators: .* The predicated

magnitudes range from a low of 55 to a high of 189 and the time of the maximum
ranges from 1967.0 to 1968.1. Based on data published in Solar Geophysical data,
it appears at this time that the maximum may occur during the latter part of

1968, with a smoothed maximum not greater than 100.
This sectipn will be limited to a very preliminary presentation of data for
ten events that occurred between March 16, 1964, and May 28, 1967. (Table 17)

TABLE 17 POLAR CAP ABSORPTION EVENTS SINCE 1963

FLAKE SaF SPECTRAL PCA HP_EMISSION X-RAYwesE
DATE | START | MAX, JDUR. |LP. |FOSITION]  STAREL/VMAX. pid I A T ] DE.[TF [SEART ] ¥AX. | DUR. | FEAK|a © |ONSET/PEAK/S/MILLI. | FI5
] TYPE/IMP. /DUR. | db FLUX, -ERG,
T ¥
14
3/16| 1553f 1600 | 102 | 2 | moswru 1556/1825 1557/¢ 1604/c | 2 o7 | 0.3 {280c | 1553 | 1624 | 59 &80 ¥y S |
1608 SL/3/10h 30/1 © 781+ +%
1611 2141 To20-b1 +3
1885 NA
1558, 2605 /K
oy 10/3 3/1
i 220-¢50 320-180]
1965
2/05| 1750| 200t | 136 | 2+ | wogwan il 1800/C 1810/c 1.7 (2700 | 1753 | 1826 |97 43
81 17/2 55/1 ! 2800
1y-41 22-41 i
1300/8 1800/H
1 106/3
Characteristics | >320-100
1966
o 3/2k| oze3i 023 | 11| 23 | waowsz 0225/0235 1O 0BS 1.6
0233 $/2+/30
i o2k
7/07, 0020( 0030 | 136 | 23 | N3uuL7 0025 /0026 < 0053/ 2,5 {2700 '0025.9 | 0038 | 33.5| 2650 oozsfookz/28/52 " | G2
0036 s/3/18: . T0/3 0059,5 | 0103 | 13 &80
0033 i 20-h1 oz o120 | 37 770
ookl 3750 {0026 [0037.5 | 33 4730
ool3 0059 ol02.h | 14 770
t 00K7 0113  0119.3 [ 36 815
i 0052
2400 J0025.5 (0037.5  33.5]| 3420
0059 [ol02 [sUNsEY 1200
8f28| 1523} 1527 | 179 | 2B | NezEOM 15241530 1530/C 167/C 1.0 (2695 1521.8 (1526.8 | 95.2| 965 1523/1531/70/ *
1529 £/3+/9%5 14/3 b7 /2+ 2700 1521.4 [1527.1 j108.7 | 608
i 1530 -k 1B 2800 1522 {1527 53.0| 1200
H 1537
! 1536 1531 /0 1527/1
4 17/3+ 73/3
> 150-¢25 »320-¢50]
9/02| 0538] 0552 | 229 { 3B | ne2ys8 0535/0543 0554,5/8 10r 0% 30 1e7oo joské  |0550.5 | 85 2400{ «0.5 6=3
iy 0557 5173135 19.5/~ CARN 0554 2400
' 0558 ' 0559.5 2200
¢ 0602 . 0602 2325
| 0603 0605 2250
: 0611
i
1967 ‘ - *
1/28%* No flares reported on 26, 27 or| None reported o75k.5/S 3CA |No major bursts reporped ob57/0552/2.5/-
2B January with importance 10.5/2-3 4B1A
] greater than IN, 4 BA 1000 - 2600 UT ©737/0807/2.7/= *
! 13BSA|
!
¥ 5/21  1919{ 1926 65 | 2B N24E39 19241032 1923/H 1923/0 2695 1922.5 [1923.7'| 25.5 1048 1921/1927 /45 /180 * 6~4
i s/2/u6 22/3 97/2 2700 {1920.3 11923.3 | 13.5 TH6
“““ 2800 [1022  |19eh.2 |26 830 |
5/23" 18ok{ 1810 | 129 | 2B K30825 1805/1815 ™ 26" " 20 2695 | 2800 1809.7 | 35.5 3340 -.3 1759/1817/u/34 * |G e’
lgls sL/3/160 2800 (1808  {1809.5 |16.0 | 27.04 -.5
181
1817
1835| 13| 60| 2B | megEes 1834/~ 2838, 1839/ 2695 |1835.5 '1839.1 | 35 2500 1834/2846/27 /630 *
1840 8/3+f236 27/~ 261/3 2800 | 1835,5 {1839 |34 2300
1035] 10ky | 241 | 28 | N2TE28 2695 11930  [1950.8 | 62 5400 1936/1953/4/280 *
1947 : 2800 {1930 1952 |62 8000]
i 1751 . :
sfad} o52s5| 053§ 107 | 3B | N23W3h4 0530/0533 0539/s 17 5.5 {3000 o542 1370 c528/0551 /94 /320 *
0543 §/3/70 17/2
0545 : o5k5/s
0352 7 !
0553 *
l 0%5y ¢ | | |
0002 | . . i | . :

* Based .on Explorer 23, 2-12:%, Univ. Iowa data

#%  Ground level effect Deep River start 0330, max. 16% at 1115. Recovery 0700,1/29

**  Riometer data CA-Celleje, hlaska onset 1800 max. at 2200; pIA-Barter Island, Alaska onset 1800, max. at 2200; BA-Zarrow, Alaska onset 1500, rax. at 220C: 334 - Byre
Station Antarctics, onset.at Oo00,

o Filliegr o, (o serl)”

, * Scissum, J. A., Survey of Solar Cycles Prediction Modles, NASA Tmx-53593,
; dated 30 March, 1967.
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RF time histories have been reconstructed for five of the events shown
in Table 17.

In addition to showing - the time relation of the short wave Radio Fade,
spectral emissions type II and type IV, we have included in three cases the
reconstructed time history of X-ray events reported by Van Allen et.al.,
from the Explorer 33 or 34 satellites.

Four of the PCA events are very small, and many more data are necessary

before a realistic analysis can be carried out.

6.1 THE SMALL PCA EVENT ON
16 MARCH 1964 "~
A very small PCA (absorpt-
ion 0.2db) with onset at approx-
imately 1500 UT has been associat= w
ed with an importance 2+ flare
that started before 1553 UT at
NO5 W75 in plage region T102 . \\\
with type IV emission from 1604 = | ,Jkﬁ/ '-L_i_"_>§>§:;\:;;:;_—.
through 1722 UT. This event was TR : I )

70 €nq 16 March, 1964. 2000 Mc/s, 1-OTTA, 2-HKSAN, CIME, 3, hMCHA, NOSW7h, 5-8WF Max.
observed by Explorer 18.

Rxp 18

T2k

1

6.2 THE SMALL PCA EVENT ON 5 FEBRUARY 1965

This PCA event with an absorption of 1.8 db was observed by Satellites
1964 -45A and 1963-38C and Mariner IV. Observations were made with 30 and 50 Mc/s
Riometers in both the Arctic and Antarctic polar caps. Onset in the Aretic polar
cap was approximately one hour after the start of an importance 2 flare at No8
W2k. A type IV burst was observed between 1810 and 1905. A very small burst
at 2700 and 2800 Mc/s was reported at the time of the flare with the time of peak
flux following the reported times of flare maximum by 18 and 16 minutes. Goedeke
et. al., (1966) reported the start of absorption at 1906 UT on the 30 Mc/s Rio-
meter and at 1930 on the 50 Mc/s Riometer. Mariner IV at 1.1 AU observed the
first increase in proton intensity at 1840 UT % 10 minutes. Data from Satellite
1963 38C integral intensities above 1.2, 10, 20, 40, and 80 MeV of 380, 350, 250,
100, and 5 protons/cm? respectively by 2150 UT. The peak integral intensity with
energies =>1.2 MeV was about 840 protons/cm@ sec. at OUOO UT on February 6.
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019 6.3 THE SMALL PCA EVENT ON 24 MARCH 1966
} This event has been [
associated with a large - sumsEr ar

FENTICTOR B.C. —-of

§

RF, 2700 Mc/s

active region that cross-
ed the east limb on March =T

15. The region was flare gm-
]

)d

X-BAY, MILLI XNO8 (o= wac!

s
]

—
t
w

SOLAR PARTICIAS COUNYS/G.39 BBC,

productive with at least a_ | u : 3 A
17 flarestof ;mpzrta:cek R NI - Y y e “‘i;_. siN
2 or greater during dis L l g\\" N
- passage. [ t 2 I'_-LE__L _/\\(74’“: =
‘ Several periods of ey 'E'—’"';;—'o;m T \6}”" -
% small ( < 1dY absorption e i s s e 0. e .
| were recorded between NAXS 10TE, 2-L0CK, 3HALE, LN, 5-GACP, G-TKN, 7-OUL0, KT, G- W, SATELLITE AT 68 TN WAD
‘March 20 and 28. Suffici-
4 ent data are not available to eval=-
: uate this event on the 2hth oo | ﬂ
j 6.4,  THE PCA EVENT IN JULY 7, 1966 ™[
The flare associated with this | A
event started at 0020 with maximum wt o T "
sometime between 0030 and 0052 (Table 3zoo: a
18) maximum was reported by T observ- _ | ]
atories. The RF burst started at I
0025.9 at centimeter wavelenght with | :
major peak of 2650, 4730, and 3420 |
flux units at 2700, 3750, and 2400 1600 -
Mc/s respectively. The reconstructed _ |
curve at 2700 Mc/s with time of flare i
maximum, SWF, type II and type IV "
emissions are shown on Figures 6-2. T v
We have also shown the smooth X-ray A
flux, (Van Allen) and proton count Eﬂ’f’f&{; T;“%ﬂx;’?; e il SRR

from Explorer 33. We have an interest-

ing example of a probable multi-meximum flare and multi-peak RF emissions.
Figure 6-2a shown the superposted time histories of the RF emission at 2400,
2700, and 3750 Mc/s. Castelli (1968) shown the "U" shape spectral characteristic

for this event.
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6.5 THE ACTIVE REGION 8461

The active region 8461 that crossed the solar disk between August 22 and
September k4, 1966, was the source of two polar caps absorption events a small
event {1 db) on August 28, and a great event (30 db) on September 2. The region
was flare productive. Although all but ]
five were classified with importance

1, or sub=-flares. Three importance 2
flares were reported on August 26, 30,
and 31.

6.5.1 The RF Burst and Small PCA on
20 August 1966

This appears to be an excellent

W 1749
>

ule 2

Ho

RF correlation. The flare, RF
emission, and X-ray flux (2 to 12A°)

start simultaneously. Five reported

H 1
1520 30 40 50 1600 10 20

. .
ti s for flare maximum are in reasone- Figure 43 28 August, 1966. 2695 Mc/s. (SGMR) Reconstructed RF Time history. showing
ne related phenomena, reported Flare Maxima I-ATHN, 2-MCMA, HUAN: 3-LOCK. LOGA . 4-SACE:
5-WEND; 6-HALE: N 22 EO4. 7-SWF max., Type II: 8, ll-41 Mc/s: 9, »150- <25 Mc/s. Type ’

able correlation with the times of RF B0 23207 €50 Mo/ Ul-d1Me/s. 12, 21-41 Me/5 13, Xeray 70 Q5. 2-124°
peak during the first 20 minutes of activity (Figure 6-3).

This event and the event on September 2, from the same active region will
be studied in detail as soon as the necessary additional data are recorded.

6.5.2 The RF Burst, and PCA ON 2 September

1966 - S

This is another excellent example of 8 ol

flare with several (6) different times report-mm:
ed for flare maximum and a great RF Burst with
a complex structure at peak flux. The report-mw: u HiE
ed value of 30db absorption is one of the “”: f o .
greatest yet recorded. wol o B

X-ray and other data will be available m% t L—E E — -
in the near future, consequently, a detailed ;s Z\\“\~—T—T—r—r»
analysis will be carried out as soon as the w W Ig;%gsz%m;%éégﬁghga °

necesgary data are obtained.
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6.6 THE ACTIVE REGION 8818 THAT CROSSED THE SOLAR DISK BETWEEN MAY 18

AND JUNE 1, 1967

This appears to be the most active and productive region since the events
during September 1963. The region will be analized in detail as soon as the
necessary data is obtained. For the present we show the reconstructed time
histories of the RF bursts on May 21 and 23 with the smooth plot of the X-ray
data from explorer 33 kindly supplied by Dr. Van Allen.

oy
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Figure 6- Sa 21 May 1967 2695 Mc s (SGMF) X-Ray 2-12A°. (Exp 33
INWA) Flare Max I-HALE 2-1.'CK 'N26 ES3 3-10OCK.,
SACP HALE N24EI% 4 5-SWF Max.
N —— v o A e e
| 4
9000 H
| r - o 2 s i ]
- ( 600) | l
£
i - - u% i: 4
z 1000 I - *
..... 1 2
o 'l
6000 L Tre-
| T :
: | J
K
]
. wooo |
E
F L 1
! In
3000
L 5, 3 1
| 2000 - 1 3% 1
v 101 1
!f ]
5. "
4 " a N P x.
1800 20 20 » 50 2000 10 20 30 [ 50 2100

PIG. 65 23'MAY 1967. 2800 Wcfs (OTTA), AND 2635 Mefs (S8GMR), X~RAY, EXP, 33 (IOWA), 1-HOUS, 2-HALE, 3-LOCK, 4-8ACP, N3OE25; S-HALE, 6-SACP, 28E2i; 7-HOUS, 8-SACP,
-l , N2TE28; 10-8WF MAX. :

«««««««




3 Report No. 00.1081
o Page 53

REFERENCES
1. Jopah, F. C., Proposal for Additional Studies of Polar Cap Absorption
Events, ITV Report 00.883, 5 December 1966, Revised 21 December 1966.
2. NASA Contract NAS-9-T13k, dated Jume 13, 1967.
3. Jonsh, F, C., "Analysis of Polar Cap Absorption Events I - Effect of

Soler and Solar Induced Conditions Prior to the PCA Events," ITV
Astro Div. Report 00.T40, 17 Dec 1963, 73 pp- .

k., Joneh, F. C., "Analysis of Polar Cap Absorption Events II - Time
Relstion of Major Flares and RF Emissions at Centimeter Wave-
length," ITV Astro Div. Report 00.802, 6 May 1966, 35 pp.

5. Jonsh, F. C., "Analysis of Polar Cap Absorption Events III - Time
Relation of RF-H® Maximum Intensity for all cm Bursts 2 500 x 10722
w(mle/s)=1," ITV Astro Div. Report 00.865, 12 October 1966, 30 pp-

6. Jonsh, F. C., Analysis of Polar Cap Absorption Events IV - Almost
Necessary and/or Sufficient Condition for Solar Proton Warning,
ITV Aerospace Corporation Missiles and Space Division Report

- 00.882, 8 February 1967, 84 pp.

7. Solar Geophysical Data Period 1964 Through 1967, No. 234 Through 281,
Published U.S. Dept. Commerce ESSA Research labs.

8. Cimino, Massimo (Director), "Solar Phenomena" Osservatorio Astronomico
Di Roma, Monthly Bulletins 95 Through 122.

9. Hagen, J. P., Solar Radio Flux Observed at University Park, Pemnnsylvania,
July - September 1966, Penn State Univ., Sci. Rep. 00T (March 1967).

10. Carrigan, Amne L., and N. J. Oliver (Editors), Quarterly Geophysics and
Space Data Bulletin, Vol. I, No. 1 (1964) Through Vol. IV, No. k4
(1967) Space Phys. Iab AFCRL.

¥.q,



Bt

Report No. 00.1081
Page 54

BIBLIOGRAPHY

Anderson, K. A., Ionizing radiation associated with solar radio noise storm,
Phys. Rev. Letter, 1 (1958) 335-337.

Anderson, K. A., "Solar Cosmic Ray Events During lLate August 1957,"
J. Geophys. Res. 69(9) (1964), 1743-1753.

Anderson, K. A., R. Arnoldy, R. Hoffman, L. Peterson, and J. R. Winckler
Observations of low-energy solar cosmic rays from the flare of 22 August

Anderson, K. A., and D. C. Enemark, Observations of Auroral Zone X-rays and
Solar Cosmic Rays, Space Res. Proc. First Intern Space Sci. Symp. Nice
Jan. 11-16, 1960. Pub. N. Holland Pub. Co. E4 H. Kallmann. T702-T1lk.

Anderson, K. A., and D. C. Enemark, Observation of Solar Cosmic Rays Near
the North Magnetic Pole,J. Geophys. Res. 65(9) (1960) 2657-2671.

Anderson, K. A., and R. P. Lin, Cbservations on the Propeagation of Solar

Flare Electrons in Interplanetary Space, Phys. Rev. Ltrs. 16(2k) (1966)
1121 - 1124, ’

Athay, R. G., The Cosmic Ray Flares of July 1959, and November 1960 and
Some Comments on Physicel Properties and Characteristics of Flares,
Spaece Res. 2 (1960) 837-848.

Bailey, D. K., and M. A. Pomerantz, The Cosmic Ray Increase of 17 July 1959,
Can. J. Phys. 38 (1960) 333-

Bates, H. F., Very Low Frequency Effects from the November 10, 1961, Polar
Cep Absorption Event, J. Geophys. Res. 67(10) (1962) 27h5-2751.

Besprozvanneya, A. S., Abnormal Polar Cap Absorption associated with strong
chromosphere flares on the sun for the period 1938 - 1959, J. Phys. Soc.
Japan 17 Supp. A-1 (1962) 1k6-150.

Biswas, S., The flux of Heavy Nuclear in the July 10, 1959 Flare, J. Geophys.
Res. 67 (1962) 2613~

Bostrom, C. O., J. W. Kohl, apnd D. J. Williams, The February 5, 1965 Solar
Proton Event: 1. Time History and Spectrums Observed at 1100 Km.,
NASA TMX-55728 (Jan. 196T7) (See also Williems and Bostrom).

Brown, R. R., and R. G. D'Arcy, "Observations of Solar Flare Radiation at
High Latitudes During the Period July 10-1T7, 1959." Phys. Rev. Ltrs. 3
(1954) 390-392.



o Report No. 00.1081
o ‘ Page 55

BIBLIOGRAPHY (comt'd)
Brown, R. R., and R. G. D'Arcy, Solar Protons from the Flare of July 10,
1959, Arkivfor Geofysik 3(21) (1961) Lh3-hl7.

Castelli, John P., Observation and Forecasting of Solar Proton Events,
AFCRL-68-010k Air Force Survey Geophys. No. 203, March 1968.

Castelli, J. P., J. Aarons, and G. A. Michael, Flux Density Measurements
of Radio Bursts of Proton-Producing Flares and Non-proton Flares,

- J. Geophys. Res. 72(21) (1967) 5491-5498.

Castelli, J. P., J. Aarons, G. A. Michael, The Great Burst of May 23,
1967, AFCRL 67-0622, Env. Res. Paper No. 277 (Nov. 1967).

Carmichael, H., and J. F. Steltjes, Unusual cosmic ray fluctuation on July
17 and 18, 1959 Phys. Rev. Ltrs. 3 (1959) 392-394.

Cattani, D., and M. Galli, Cosmic Ray Storm of July 1959, Nuovo Cimento
X 16, (1960) 765-.

Dodson, H. W., and E. R. Hedeman, Flares of July 16, 1959, Astron, J., 65

s (1960) 51"~ :

Dodson, Helen W., and E. R. Hedeman, "Moving Material Accompanying the
Flare of 1959 July 163, 218, 14™ Ur, Proceedings AAS-NASA Symposium
on the Physics of Solar Flares, Ed. Wilmot N. Hess NASA SP-50, (196k4)
15-230

- Earl, J. A., Balloon Measurements of Solar Cosmic Rays at Fort Churchill
Cenade, during July 1959, J. Geophys. Res. 66 (1961) 3095-3107.

i Ehmert, A., A. H. Erbe, G. Pfotzer, D. C. Anger, and R. R. Brown, Observa-
tions of Soler Flare Radiation and Modulation Efforts at Ballocn
Altitudes, July 1959, J. Geophys. Res. 65 (1960) 2685-.

Ellison, "Ionospheric Effect of Solar Flares," Pub. Roy. Obs., Edinburgh
s 1 (1950), 53.

Ellison, M. A., Susan M. P. McKenna, and J. H. Reid, "Light Curves of
30 Solar Flares in Relation to Sudden Ionospheric Disturbances, "
Dunsink Obs. Pub. 1 (1) (1960), 1-36.

Ellison, M. A., Susan M. P, McKenpa, and J. H. Reid, Cosmic Ray Fluxes
A Description and Discussion of the Ten Great Solar Flares which have
Generated Cosmic Rays Recorded at Ground Level, Dunsink Obs. Pubs. l§§2

(1961) 53-88.




Report No. 00.108L
Page 56

BIBLIOGRAPHY (cont'd)

Freier, P. S., The Measurement of the Cutoff Rigidity at Minneapolis Using
Solar Protons and Particles from the July 14, 1959 Flare, J. Geophys.
Res. 67 (1962) 2617-.

Ghielmetti, H. S., The Spectrum and Propagation of Redicactive Solar Flare
Particles During July 17-18, 1959, J. Geophys. Res. 66 (1961) 1611-.

Goedeke, A. D., and A. J. Masley, Observations in the Antarctic of Solar
Cosmic Ray Events in 1962 and 1963, J. Geophys. Res 69(19)(1964) 1166.

Goedeke, A. D., A. J. Masley, and J. W. McDonald, The large Solaxr Cosmic
Ray Event on September 2, 1966.

Goedeke, A. D., A, J. Masley, and G. W. Adams, Polar Cbservations of Solar
, Cosmic Ray Events During the IQSY, Douglas MSD Paper I-520 (May 1966),
Solar Phys. 1 (1967) 122-131.

Hakura, Y., Entry of Solar Cosmic Rays into the Polar Cap Atmosphere, NASA
TXM 55637 (Nov. 1966).

Hakura, Y., The Polar Cap Absorption om July T7-10, 1966, NASA TMX 55720
(March 1967).

Hakure, Y., Polar Cap Absorptions and Assoclated Solar-Terrestrial Events
Throughout the 19th Solasr Cycle, NASA TMX-55812 (June 1967).
Hakura, Y., and T. Goh,

Unusual Solar Terrestrial Events in July 1959,
Space Res. 2 (1961) 803-812.

Harvey, Gladys A., 2800 Megacycle per Second Radiation Associated with
Type II and Type IV Solar Redio Bursts and the Relation with Other

Phenomena, J. Geophys. Res. 70(13) (1965) 2961-2976.

Howard, R., and H. W. Babcock, Magnetic Fields Associated with the Solar
Flare of July 16, 1959, Astrophys. J., 132 (1960) 218-.

Howard, R. T., T. Cragg, and H. W. Babcock, Magnetic Field Associated with
a Great Solar Flare. Nature 184 (1959) 351-352.

Hughes, M. P., Solar Radio Emissions and Geophysical Disturbances During
July 1959, J. Geophys. Res. 66(2) (1961) 651-653.

de Jager, X-Ray Flare, NASA, N6T-2uL6k.

706-718.

Jelly D. H., and C. Collins, Some Observations of Polar Cap Absorptions
in the Northern and Southern Hemispheres, Can. J. Phys. 40 (1962)



Report No. 00.1081
Page 57

BIBLIOGRAFPHY (cont'd)

Keppler, E., A. Ehmert and G. Pfotzer, "Solar Proton Injections During
the Period from July 12 to July 28, 1961, at Balloon Altitudes in the
Auroral Zone (Kiruna/Sweden)," Space Res. 3 (1963), 676~687.

Krimigs, S. M., and J. A. Van Allen, "Two Low Energy Solar Proton Events
During September 1961," Trans. Amer. Geophys. Union 4k(h) (1963), 882.

Leinbach, H., and G. C. Reid, Symposium on the July 1959 Events and
Associated Phenomena 1UGG Monograph 7 (1960) 145-150.

leinbach, H., Interpretation of the Time Variations of Polar Cap Absorptions
Associated with Solar Cosmic Ray Bombardments, Geophys., Inst. Univ.
Alaska, Sci., Rep. 3., UAG-R127. (May 1962) 96-10k.

leinbach, H., "The Polar Cap Absorption Events of July 11-20, 1961, "Geophys.
Ins. Univ. Alaska, Sc. Rep. 2, UAG-R126. (1962).

leinbach, H., D. Vankatesan, and R. Parthasarathy, The Influence of
Geamegnetic Activity on Polar Cap Absorptions, Planet. Space Sci. 13
(1965) 1075 - 1095. ,

Lindgren, S. T., The Solar Particle Events of May 23 and May 28, 1967,
Space Sci. lab., Univ. Cal. Berkeley (1968).

Lopez, M. D., Anne L. Bragg, and J. L. Modisette, "Preliminary Warning
Criteria for the Solar Paricle Alert Network," NASA Program Apollo
Working Paper No. 1193, 28 Jan. 1966.

Malville, J. M., and S. F. Smith, "Type IV Radiation and Flares Covering
SunSpOtS," Jo GeophyS. Res- 68‘ 10! (1%3)’ 3181"3185.

Masley, A. J., A. D. Goedeke, and G. W. Adams, Recent Solar Cosmic Ray
Events.

Masley, A. J., and A. D. Goedeke, Polar Studies of Solar Cosmic Radiation,
1962-1966, Antarctic J. (1966) 190-192.

Masley, A. J., T. C. May, and J. R. Winckler, "Analysis of Balloon
Observations During the April 1960 Solar Cosmic Ray Events,” J. Geophys.

Res. 67(9) (1962), 3243-3268.

Masley, A. J., A. D. Goedeke, and G. W. Adams, Conjugate Polar Observations
of the September 1963 Solar Cosmic Ray Events (Abst.) Trans. Am. Geophys.
Union bl (1963) 882.



| Report No. 00.1081
E Page 58

BIBLIOGRAPHY (cont'd)

Maxwell, A, Generation of Radio Waves and Acceleration of Particles by the
ggl;ss 3 Solar Flare of 1961 September 28, Planet Space Sci. 11 (1963)
"900.

Maxwell, A., M. P. Hughes, and A. R. Thompson, Catalog of Type II (Slow
drift) and Type IV (Contimuum) Solar Radio Bursts, J. Geophys. Res.

68(5) (1963) 134T-1354.

McCracken, K. G., and R. A. R. Palmeira, "Comperison of the Solar Cosmic
Ray Injection Including July 17, 1959, and May 4, 1960," J. Geophys.

McCracken, K. G., 'The Cosmic Ray Flare Effects of May 4, November 12, and -
November 15, 1960," J. Geophys. Res., 67(2) (1962), 435-hu6.

Miller, R. A., The Great Post-Limb Event of March 2, 1966; Astrophys. J.
151 (1968) 379-381

Pieper, G. F., A. J. Zmuda, and C. O. Bostruom, "Solar Protons and the
Magnetic Storm of 13 July 1961," Space Res. 3 (1963), 649-661.

G inas &

Reid, G. C., and H. Leinbach, "Morphology and Interpretation of the Great
i Polar Cap Absorption Events of May and July 1959," J. Atmos. Terr. Phys.
23 (1962), 216-228.
Rothwell, P., and C. McIlwain, Satellite Observations of Solar Cosmis Rays,
Nature, 184 (1959) 138-140.

Smith, Sare F., and H. E. Ramsey, Flare Position Relative to Photospheric
Magnetic Fields, Solar Phys. 2 (1967) 158-170.

Svestka, Z., Optical Observation of Solar Flares, Space Sci. Rev. 5(3)
(1966) 388-418.

Svestka, Z., and J. Olmr, Type IV Bursts 1. List of Events, Bull. Astron.
Inst. Czechoslovakie L7(No. 1) (1966) L-16.

Symposium on the July 1959 Events and Associated Fhenomena, Helsinki, July
1960 Monograph No. 7. Union Geodesique et Geophysique Internationale,
November 1960, 157 pages, 31 reports.

Trotter, Dorothy E., and W. O. Roberts, HAO Solar Activity Summary, III,
15 June through 2 October, HAO Report 49, 1 September 1960.

Van Allen, J. A., The Solar X-Ray Flare of July 7, 1966, J. Goephys. Res.
72(23) (1967) 5903-5911 (also Univ. Iowa Rep. 67-35, July 1967).




o
.
S

Report No. 00.1081
Page 59

BIBLIOGRAPHY (cont'd)

Van Allen, J. A., J. F. Drake, and Sr. J. Gibson, Solar X-Ray Observations
with Explorer 33, Explorer 35, and Mariner V (Abstract, Paper Presented
AAAS Meeting, Tucson, 1-3 February 1968).

Ven Allen, J. A., and W. C. Lin, Outer Radiation Belt and Solar Proton
Observetions with Explorer VII during March-April 1960, J. Geophys.
Res., 65(9) (1960) 2998-3003.

Williems, D. J. and C. O. Bostrom, The February 5, 1965 Solar Proton Event:
2. Low Energy Proton Observations and their Relation to the Magnetosphere,
NASA, TM-X-55729 (Jan. 1967) (See also Bostrom, Kohl apd Williams).

Wilson, B. G., D. C. Rose, and M. A. Pomerantz, The Unusual Cosmlic Ray

 Winckler, J. R., P. D. Bavsar, and L. Peterson, The Time Variations of Solar

Cosmic Rays during July 1959 at Minneapolis, J. Geophys. Res. 66 (1961)
995~-1022.,

Zmyda, A. J., G. F. Pieper, and C. O. Boxtrom, "Solar Protons and Magnetic
Storms in Februsry 1962," J. Geophys. Res., 68(4) (1963), 1160-1165.



Report No. 00.1081

TABLE 1 CHARACTERISTICS OF CLA33 1 RF PROFILES AND ASSOCIATED Page O
PHENOMENA , EVENT3 FOLLOWED BY A FOLAR CAP ABSCRPTION

Totegrated
importance Duration Rate Rise Spectral Intensity RF Burst
RO Pate RE Flare :? ’?ﬁ 2508 2106 | Uniteftdn | Iy Ivm Ivem 3 T cMD _2;,5' ;:3“ >10§m mev 1_?;;.! ;ﬁe’k {ig
2/23/56 3+ 3 13.0 2 2 18.0 9000 - - 28 %6 B 2® w80 1.000% | 3.5x008 448 1.8
8/e28/57 1+ 2+ 3.2 2 2.5 4.5 380 H/3 ~4.5 3B sof  E30 10 1.1
8/20/58+ 2 2+ 3.0 1 3 6.0 1450 s/3 ~1.6 378 E17 15 1.2
6/19/57 2 2 fotn 1 3 6.5 2325 H/3 -3.0 &R ENS 34 1.3
sfer/s1 1+ 3 5.1 7 3 10.0 12 B3 5 +2.0 P 3IR W 15008 19 1.6
9/20/63 2 2 3.1 3.5 3 4.0 351 /2 H/3 8 2.7 B uP Wy 1.7
5.5 255
7/29/58 2 3 1.5 6 3 19.0 333 5/3 s/3 8 1.0 1b0o® ukk 15 1.9
8/16/58 3 EN 15.0 5 3 k.0 1160 56 1.0 B2 w50 400l 300 1.10
9/03/60 34 2+ 2.7 5 3.5 8.0 2500 s/a sf2 e =34 yhoo3m w3 3.5x107 | 7.00005 150 1.4
9/28/61 2 3 3.3 5.3 1Y 20.0 302 H/3+ /3 126 5.7 o?u3® g9 6.0x208 | 1.1x008 36 1.5
11/20/60 1 1 3.0 3.5 3 45.0 51 #/3 B2 5g 6.5 6&hos® w0 4.5x207 | 8.0x106 25 1.2
*A very questionable association. N
TABLE 2 CHAWACTERISTICS OF CIA3S 2 RF PROFILES AND AS3GCIATED
PHENOMENA, EVENPS FOLLOWED BY A POIAR CAP ABSGRFTION
j Ictegrated
i ortance _— - Duration Rete Rige Spectral hlgteogsltylmt Eneray Fig.
Date RF___ Flare db Time >50h 210 | un:n(gb;n i Vm Ivem» | At AT CMD _ | >30 mev |>100 mev {>10f Peek | No.
- 1/03/51 1 34+ 9.2 1.1 7.5 27.5 go 38 ¥o Ovs. 10 +3.1 o3P WO 2.0x107 32 2.8
1 ufisfeo| 3+ 3 20.0 | 2.0 a5 33.5 3870 3670 | 8/3 s/3 16 | +2.0 o™ w3 | 7.0 1aad®] 70 | 22
o 9/26/63 2 3 4.6 1.2 12.0 22 161 161 fo Cbs. 156 -0.8 o™ w8 2.6
10/20/57 2+ 3 1.8 7.0 12.0 28 s11 511 | H/3 B/3 68 9.0  sh23®  wus s.oxtof | 1.oma0? 209 2.2
B u/29/60 1 2+ 1.0 3.7 12.5 52 04 10k | 5/2 sf1 0.7 ~30 Woe 7.0x208 51 2.10
3 5/13/60 2+ 3 b.5 15.0 20.0 50 353 220 | S/3 s/1 206 [ o™ wer 4, 0x108 | 4.5x105 500 2.4
8/26/58 3 3 6.6 | 36.0 2.0 b6 296 185 | s/3 s/3 200 |+4.0 OB 5P sk 1.0108 | 2.oadf]|  ss0 2.5
1/16/59 3 3+ 212 36.0 2.0 Sh 13 176 #/3 o |+26.0 136" W30 9.0a6® | 1.3a0® 732 2.9
11/12/60 3 3+ 21.2 26.5 2%5.0 33 435 210 H/3 206 |+16.0 OB us®  Woh L3l | 2sacd| 66 2.7
- 9/10/61 1+ 1 2.9 3.0 25.0 42 Wwo U9 | H/3 /3 106 -9.0 >1° w90 3.7x107 95 2.3
A *Svestka and J.Olmr Type IV Burst, I List of Bursts, BAC 17(1)(1966)-16
TABIE 3 CHARACTERISTICS OF CIASS 3 RF PROFILES
AND ASSOCIATED PHENOMENA EVENTS FOLLOWED
BY A POIAR CAP ABSORFTION
. LBnarience e Rise Pks;“_e:? e Peak Fise ﬁi&?ﬁh Tate Spectral fotes. Jatensiy Energy | Fig.
Date RF Flare ab Time % Max Dur. Time 50h 106 Rise i o Wem | At AT aMp |>30 Mev]|>100 Mev |>10p Pesk] Ro.
T7/11/61 2 3 1.3 17.0 58 45 38.0 i0.0 8 37 150 B3 B/3 B | +46 gh ygm E3L | 3.0x1081 2.4x10° 138 3.3
7/20/61 2 3 v 1.5 67 1 28.0 15.5 11 19 116 H/3 K3 106 +20 &b 360 w90 5.0x308 9.0x20° G4 3.1
7/01/58 2 3+ 23.7 3.0 58 15 4.0 EERC I 1 >48 w8 | sf3 sf2 e 8 oham wos | 2.5x108| g.0a0f | 156 3.2
o s/06/60 1+ 3+ 16.0 10.5 371 16.5 7.0 11.5 15 >75 60 /3 B/3 156G -6 1 56m holerd u.ox105 69 3.6
3/30/60 2 2 5.0 6.5 36 20 29.5 8.0 16 29 219 #3 B3 8g +16 st o5® E13 160 3.4
7/24 /57 2 3 2.0 13.0 56 36 35.5 12,5 18 67 8 B/3 6g +12 30 o3m w26 94 3.5
3.5 58 28.0
3/10/56 2 2 3.5 4.8 53 10 31.0 15.0 20 53 68 Ho Obs. 3h 5= 588 | 1.l 18 * 3.7
Average 7.5 1.5 12.0 15 7 121 3B 47
TABIE b CHARACTERISTICS OF CIASS 4 RF PROFIIES.AND ASSOCIATED
PHENOMENA, EVENTS FOLLOWED BY A POLAR CAP ABSORFTION
Integrated
ortance Duration Rate Bise Spectral Inotensity
Date. RF Flare db Th: p-3 Units/Min I Ivm IV.em Ay AT o {>30 33" >100 mev 123 f»ﬁ_k gff‘
9/18/57 1 3+ fatn 20.0 75 >50 18 B/3 6 -22.5 1B yem £08 47 u.3
o 11/13/56 1- 2 5.k 9.0 8.0 35 19.4 4 -21.0 st 3R wio | 1.2xa0® 13 4.2
T/14/59 3 3+ 23.7 26.0 10.0 b 231 s/3 s/3 306 +7.0 1B 200 Bo7 | L.3x30% |L.oxac® 400 4.7
9/n/s1 1 3 0.5 29.0 0.0 >U5 13 s/3 246 &,0 238 4T wo2 7 4.6
s/05/60 3 2 3:1 22.5 10.0 60 267 sf3 s/3 8 PSLEC wer | 1108 510 4.b
7/10/59 3 3+ 20.0 ) 18.0 ik.0 1% 350 81 3g 1.0 1P gm E63 1.0x10? 140208 515 L8
8f31/51 2+ 3 4.9 .5 21.0 35 269 8/3 206 +3.5 abagh woz | 5.3x07 350 4.1
3/29/60 3 2+ 2.6 38.0 21.0 56 217 No Obs. 58 ¥2u.0 1P 200 E30 2.7x107 915 k.5
8/22/58 2 3 10.6 365 21.0  >T70 51 B2 206 | +16.0 B 3@ w10 | 7.0:207 |1.8x10F 192 4.9
9/02/57 1~ i 7.2 37.0 28.0 >70 [ (3 8.0 2t 3R :g 1.4x107 30 y.11
9/26/51 1- 3 2.0 28.0 50.0 Indet. b B/3 6 +2.0 1P 5@ E16 25 b2
5/10/59 2+ 3+ 22.0 46,0 52.0 137 % 8/3 /3 Ba 9.0 28 oh iy | 9.6x2088.5x207 811 4.10
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TABLE 5 ALL MAJOR RF BURSTS AT
2800 IN 3750 Mcfs 10T FOLLOWED
BY h KNOWN PCA EVENT .

Fiare Short kave Fade Spectrai KF_Emission
Trolile 7 Feak
Date Tlass |stert Max  Imp Fosition|start Dur. Type lmp | 11 IVa  _IVem Start Yax Dur. Flux |at Fig. Bo|
20006 > #F > 5000
wf17/57 & 2000 2116 3. N20EGY 1937 163 3L 3+ | 2032 2611 2021 2800 2006 202 79-0 6LG | -3b 9.6
3 w2 3ujug
2002600
9/15/63 2 0015 ooh2 2 MSET5 joos 180 S 3+ | ooz 0027|3756 | 0015 028 90 654 15
22f2 116/4g A36.5 st |-5.5
9500 .l 8t |74
50002 KF 2 2000
2/16/56 1 0536 0557 3 m2wE3ll Jo532 16 SL 3 ggan 37%. | o5h1 0553 5 2720 |4 6.30
3
g/or/57 " 0810 0823 1+ N15W88 oBo6 36 5 T 3 37150 | o082 0d12.5 3.0 2015 | -10.2 .
12/e6/51] + NFP Q25 WS 2+ 3756 | paus.s  L2M6.3 5.0 2656 -
alo2/58 1 180 1841  1- 31W90 1850 153 8 3+ | 2843 280¢ 1540 300 3¢
83 1621 25 2056 |+1.1 6.29
4/95/59 1 2316 2327 3 NIEW6T 2317 93 5 3+ 3750 2318 2323 % 83w | -4 §41
5/08/59 1 252 2257 .2+ BR3EB6 2258 @ 5 2 {2259 2806 | 2z5h 2257 58 2206 6.22
20/3 3756 | 2256 256.5 1 256 | -6.3
5/17/59 | 1 0523 0527 2+ N2M30 [0525 35 3 2. 375¢ | 0523 525 13 3366 §-z.0 6.20
6/10/59 . KR = o247 3750 || o285 caut 2250 -
21-
200C 2 FF 2 1000
2/2s/55 * NFP R ou/w F1cI T N (o B I V-5.1 2.5 WTC -
wl-
6416755 1 luos  19IC R« 32EWR) 1903 47 3 2+ 2800 | 1906.5 19673 3645 ey -2.2 6.23
& 355 1 1 1625 1635 2. negrer 1623 10 3 3 1523 200 | 162 18e7 23.5 132 | -3 6.2
92/3¢ bk 1652 33 155
267-260C
1/22/55 | 1 1312 131 2 Sa5WE3 [ 133¢ 65 3 3 2000 | 133y 1338.7 3.0 17 6.5
1336 1333 2G.3 10 | -2
e Y Y 1638 2 seskfc {3638 2T 3 2. 230k | 1837 1638.6 1 00 6.15
E u/16/57 z w0 1005 3 n20ze5 | ks 76 S 3 103,8 230 | 1040 146 54 1650 | -1 7.1
57/3
200-900
wliclst - 0l25  Cl29 1 N2EWTL 100 60 SL 3 olzg/.k e [oF-3 o174 4 1700 ~3.0 -
43
vleslst | 2 112 1429 3 K230 [ 20 203 S 3 2800 | w17 w024 25 1356 | -5 7.2
#1957 * G356 O4lp 3 . KN23EC2 0359 Sh SL 3 o 375¢C | G359 Thd6 .0 1000 | -t .
183/3 .
WhslSTE L ¥FE 256 12 5 1s 230 | 2150 2152.7 16-¢ Toc [
16/23/57 4« wa 1. somet6 [o6z0 32 (s 2 315¢ | o622l 0623.4 5.5 64 *
/26457 |+ KFP [SELICI 2 3150 | o138 o135.2 2. L) *
o 1/15/58 1 1660 3642 2+ BI3WSE | 6bc 226 3 3 2300 | 1640 1720 20 L0
1640 1642.7 26 135¢ -C.7 6.35
3/29/50 1 1819 123 2 S2kEod (1320 59 s 3 2800 | 1820.5  .1321.0 12,5 oo | 1.2 6.18
s w/21/53 1 2310 2330 2+ 304m22 3B 72 3 3+ 2328 o327 2328 3150 2333 a3 55 1156 -3.c 6.43
13/3+ 23/3 67/160
2328 23k 67-9500
32/- 16/3
wh1/58| 2 1oz Blz 2 seawos | 1@ 32 3 2+ 1333 16{;& 2600 | 1805 1310 20.0 1225 | -2.¢ 6.:3
u3/3 21/2
167-2800
k 1212758 ] 1 1215 130k 2+ SO3WO6 | 1257 38 s 2 | 12339 1301 1251 {2800 | 1252 1252.8 1.0 35 6.20
B 23/3 2/ e3/a56 1257 1300.5 18.0 1506 | -3.5
81-9401
1e/23/56 [ 1 o543 e 2. SISEEE | oske T3 G 3~ 8(@:653 3750 | 053 0605 50.0 2026 | -19 6.u5
/4G
i 169-9400
1/14/59 - 210 2thz 1~ K2lE1L NR 280 | 2130 15.0 2006 -
3/29/59 | » oW o738 2 FITES | o7t 40 S 3 3750 | o746 o750 10:0 1056 | -4 *
5/13/59 1 2339 232 1. S09k38 | 230 20 s 1+ 3150 .| 2340 2340.6 1.5 1000 | -1.4 6.3
5/11/59 1 0700 0707 1 N2lk3C o705 23 3 2+ 3750 o105 0706.7 3.0 128 -0.3 6.8
B 5/18/59 1 SFP ok 50 3 2 ob77 3750 | oke3 ohoh.2 3.0 1750 6.6
5/~
6109/59 3 RFR 1635 180 3 3+ 1716 1651 f2600 | 1635 1552 4.2 2000 6.10
i 46/2  1bfhg
1670400
6/09/59 1 1707 2  BITE9O0 R 17 173 }2800 | 1707.5 17095 5.C 15 6.56
u6/2  16/hg 1716 1719 12.0 135
167-9400 1726 1740 70.0 1300
E
6116/59 i 0618 oS8 3 NISE5 (o623 3% s 2 3150 | 0623 %625.6 6.0 100 | -2.b *
6/18/59 1 1134 1148 3 Ribwl2 1138 52 El 2s 2800 139 1140 13.0 1225 -8.0 6.21
7/¢1/59 1 1222 1230 2 HNWMESO | 1228 26 s 2+ 2600 | 1225 1229 76.0 1025 | -1.0 6.21
11/30/59 . 0247 0250 2+ NOBELS ozu9 3k s 3- 1 0252 Qe o247 3150} cakT 0252.3 12.¢ 1750 *2.3 *
61/- 38/- /2
200-9400
wfo3feo | 1 0317 0317 2 N33 0305 25 0§ 2 2750 | 0306 0§10.6  5.C 1306 | -6.1 6:3
8/11/60 1 1916 1929 2+ X2zkeb | 1985 65 2 | 1929 1926 2925 | 2soo | 1916 SCL 9
9/3 s3/z  1dfig 1923.5 1928 310 1w | -1.0 | S0
18-2800
8/14/60 1 0511 052 2. Keawos 1515 45 3 3 3750 | 0514 0518.4 9.0 W | -6.6 6.36
9/16/60 4 1710 1724 1 Se2E68 1709 101 5 3 17 1717 s 2800 1702 1712 23.0 550 +12.0 | 9.7
Bf3 /3 67/86 iy 1756 40 2000 | +32.0
189200
10/11/60 1 61T 0535 2 W36 o525 63 8 3 0530 0532 0527 3150 0520 0532.8 Lo, 1580 -2.2 6.6k
0600 17/3 >u0f2 33/
200-9400
5/01/63 2 0525 0608 2 WIELE | 0530 39 Sl 2. Ds%é 3150 | 0526 054 34.0 15K | -28.0 7:3
22/t
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TABLE 5 {CONTINUED)

Profile]
Class Flare Short weve Spectral RF Emission
“Fade 3 Feax
Date Start Mex Imp Position|Stert Dur. Type Ymp | 11  Iim . TVem Start Max Dur. Fuux | &% | Fig. Ko,
1006 RF 2500
11/15/55 * KFP ® =800 § 1734 37 5.0 565 *
2/16/56 & 1805 2. N2EOS | 202 93 sL 3 a?é 2800 | 1756 18113 51.0 623 9.5
384/3
16726800
2/19/%6 L WI0 NS de K25W23 | W29 151 S 3 1&78 2800 | w25 W35 29,0 643 | -20.0 9.2
57/68
2/29/56 - 2220 3 3321 |28 12 8 3- 2600 | 2217 23.0 525 .
3forfs6 |1 1730 2 deowss |9 22 5 2 26800 | 1722 172 5.0 30 6.1
1/13/56 1 w2 2 N2wse | ws2 w8 3 3- 2800 .| w51 145k 1.5 6o 6.38
5/18/56 * 1600 - sg6eus | 2605 15 5 1 2806 | 1604.3 180k 1.7 515 .
T/22/56 1 2624 16kl 2 REGHSH %35 10 S 2+ 2800 1638 1641.8 8.5 660 +0.8 6.31
1646.5 1648 115 3%
12/26/56 1 b Wwol w2 2 swir | Wwe3 97 SL 3. u.E;;u 2800 | we3 SUTTS 165.0 915 {s42.0 9.8
512
1/05/51 1 1822 NFR K16 1702 53 s 2+ | 1703 2 1706 2800 | 17015 1703.5 10.0 T00 6.39
9/3+ 169/3 (11s)/ug el 7225  13.0 70
" 267-2800
1/05/57 4 18za 1- F16WS3 Be 61 ¢ 1 2Bco | 1758 1827 92.0 585 9.4
2/eB/57 1 150 1555 2 saB38 [is52 10 S 2 1271 280 | 1550 1551 6.0 865 | ~u.0 §.12
3+ *
ufoafs1 » 0255 0339 2 Sk | 050 320 G 3 3000 § 0301 0336 €0.0 800 | -3.0 .
o u/1e/sT - 1850 1908 2  S2WT3 1856 8 5 3+ 19071 2800 1855.5 190G.5 23.0 525 <15 »
i 11.3/3
6/05/57 1 1326 1330 2 SiTWh3 j 1328 2 S 3~ 1.379 2800 | 1327 1328.2 8.0 725 | -8 6.25
3+
6/06157 - 1130 1133 1 Slhwzy R 2800 | 1129 1129.8 1.5 525 | -3.2 .
/a5t 1 1320 1337 2 KogEl2 | 1335 45 S 2+ 1329 {2800 | 13215 13225 6.5 23 6.33
ey 121/66 235 1.9 8.0 &0 | -1.1
g 1592800
8/30/57 1 WFP 2215 25 SL 2 le213.7 2212 2214 3750 2209 2213.1 8.0 538 6.11
33/2 31/3  2/ug | 2600 | 2220 2213.7 103 B
167-9400
9/12/57 3 1510 1516 2 Niwi8 | 1513 33 3 2+ | 1536 1515 3515 12800 | 151 1515 18.0 80 |10 6.17
12/3+ 310/3 165/156
81-9400
R n/o5/57| 1 1205 1207 2 Sebwsk {1207 1 s 2¢ 2600 | 1205 2207.3 8.0 550 o 6.26
12/13/57( * <027 o023 1 'Ki5E90 Jo156 b9 s 3 3750 | 0155 0232 46.0 650 | -2.0 *
2/26/58 * 0527 0550 2 SIBWEL | 0540 56 3L 2+ 0607 3750 | 0543 0551.7 pUN 500 | +L.7 =
9.5/2
3/28/58 1 1703 171k 2+ S15E09 1708 710 8 3 2800 | 1708.5 X715 n.c 575 -2.5 6.19
. 3/28/58 2 2042 2047 2 SzhE2L [ 2042 26 S 2+ 2800 | 2043 2045.1 33.0 520 | -1.9 .7 R
u/02/58 . < 0502 2 323W3b ou59 T 3 2+ 3750 | ou58 0500.3 3.5 840 »
5/05/58 * 0356 0415 3 S18deg ooy 53 £ 3 3750 | ohlz :lkg 9.0 900 -0.9 .
1h,
0419.6
5/05/58 1 2025 2035 1+ HoWWSO 2800 { 203%.7  2036.5 7-0 580 | -0i5 6.2
2032 2037 1+ -Sa5W39 {2032 38 5 2+
7youfs8 | » 0513 0517 1s wWegEa6 | 0517 1§ 1 3150 | 0515 0517-1 2.5 800 | +0.1 |
7/24/58 - 2327 243 2+ BACEBS | 2ukk 56 @ 2 3750 { 24k 2u43.1 4.0 535 «0.1 »
[ 10/19/58{ * o636 o125 2s SMM35 [67R0 30 5 2 3150 | o723 o723.9 2.0 585 |12 | o«
1/21/59 b 1700 1709 3 NIE4B 1702 b1 0§ 2+ g}? 2800 | 17005  1707.5 26.5 600 | -1.5 6.37
oo 2/0r/59 » 0352 423 3 N1EE3 |2 25 8 3- 3750 | oho8 o2 17.0 550 .
3/02/59 - 2317 2320 1+ NoSweb [ 2320 39 8 2 3750 | 2317.5 23194 4.0 6o -
sfufse | 2 2006 2028 3 NIGEWL {205 67 S 3- | 2020 2028 2800 | 2010 2022 200.0 9%0 T
* 19/3+ 18/3  22fb 2033 760
1672800
5/13/59 | * ob57 - 0514 2 Ne2E26 Jo511 36 S 2 | 0536 o525 osie [3750 [ osi0 05131 5.0 570 §-0.9 | =
9/3 65/r 183
127-9500
1/29/5% 3 2127 2120 2+ KI15E22 | 2120 45 S 2 2800 | 2118 2119 65.0 790 | ~3.0 6.14
. 8/28/59 » 0027 0039 1 NME7L {0028 1ko  SL 2+ | 0038 0053 o3L | 3750 | ocozk 0041 30.0 540 | +2.0 * .
i 10/2 155/ 15/2
200-9!
8/28/59 » Ol 0113 1  NI3E6Y ¥R 01}5 3150 0118 80 *
15/~
K]
lafozfss| 1 1219 1249 2+ NOTWI6 16 76 5 24 12?0 280 | 1245 1475 12.0 875 | 15 6.3
45/5¢
i 167-29%0)
1/15/60 2 1336 W11 2 S2MEB {130 L5 SL 1. 1347 | 2800 1 1340 1357 >100.0 T00 | -w.c| 76
18/106 | Interference
200-9400
£ 3/28/60 3 2062 2096 2 NISEIT 2050 50 S 2+ | 2057 2050 2100 |-2800 | 2047.7 2055 .8 750
15/3 »240/3 sgo/'(s 2102.5 >215 55.2 >885 |+19.0 8.1
18-
i 6/25/60 | + [<1026 1029 2+ NIgEO3 [2027 33 S5 2 2800 | 1026 1026.9 5.0 650 | -2.1 »
6/25/60 1 2039 2046 25 NIgWOs | 2060 30 B 2- | 2088 2oks5 2056 | 2800 | 2037 2046 Lo.0 700 o 6.24
w3 683 29/2
167-2800]
6/29/60 L} 0125 o8 2 Naws0 0138 128 8 2 | ozkg o010 038 | 3150 | 0135 0147.9 21.0 80 | -0.1 9.1
8f2  sof3 17/hg
2009400/
8lor/60 1 ofeh o737 1 Magess o130 55 s 2+ 375¢ | 0725 0729.3 20.0 610 ~T-7 6.32
3/11/60 - 0223 0257 2 N2IEXS 0225 g0 L 2 3750 | o222 0252.9 35.0 610 <41 -
1 8/w/60 1 iz 1310 2 HeE}6 | 1307 53 S 3- 2800 | 1307 1310:7 6.0 680 | +0.T 6.15
10/10/60| * o710 0722 1+ ATWER3 HR 077k 3750 | o708 o719.2 20.0 51e | -2.8 *
31/3
231-9%00]
9Nn/63 | 1 2112 23 1 MZE72 R 2800 | 2134 9.0 2% 6.7
233 218%.5 7.0 550 |+2L.5
9/16/63 b W30 1505 2 NIZEM8 | WO 15 G 3 13k | 2800 | 14365 w52 133.5 318.0] 9.3
- {156 1543 710 |+38.0
108-9400{

*# Krivaky lists a FCA (reported by Pfotzer, et al) starting at 1920 bused on balloon observations.
# Original RF data not obtained
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§
TATLE 6 MAJOR RF BURSTS AT 2800 OR 3750 Mc/s
CLASS 3 PROPILE (INPULSTVE NARROW PROFILE)
Importance _RF Duration Speckral Deta

Date ¥ BF Flare | oMD §‘£ 2s5q 2 e | 1 Ve IVem at ii?'

3/01/56 2800 | 1+ 2 W55 4.0 0.2 2. 152 6.1

5/05/58 2800 | 1+ 1+ w3g/mso] 2.0 0.k 4.0 290 +1.5 to 0.5 6.2

5/13/59 3150 | 2 1+ ES0 1.5 0.5 1.0 666 -1.5 to -3.5 6.3

10/15/57 2800 | 2 P 3.0 0.5 2.5 333 6.4

11/22/56 2800 | 2 2 w83 3.0 0.5 6.0 333 -1.0 6.5

5/18/59 350 | 2 NFP 3.0 1.0 2.5 583 s/1 6.6

9/14/63 2800 | 1+ 1 ET2 2.0 1.0 3.0 550 +21.5 6.7

5/17/59 3750 | 2 1 w30 2.0 1.0 k.0 640 -0.3 to -1.3 6.8

4/03/60 37150 | 2 2+ | W33 6.0 1.0 6.0 216 6.4 6.9

8/30/57 2800 | 1 NFP 3.7 1.0 9.0 130 2 B3 ug 6.11

3750 1+ .

6/09/59(1) | 2800 | 2 NFP 6.0 1.0 13.0 333 g 6.10

2/08/57 2800 | 1+ 2 E38 1.0 1.5 3.0 865 B/3 4.0 6.12

1/21/57 2800 | 1+ 2 El2 14 15 k.0 601 ég 4.9 to <111 | 6.13

7/29/59 2800 | 1+ 2+ E22 1.8 1.5 5.0 539 -0.7 6.14

B 1/24/57 2800 | 2 2 w85 2.0 1.5 5.0 500 6.15
§ 8/14/60 800 | 14 2 e ho 15 5.0 70 0.5 6.1
- 9/12/57 2800 | 1+ 2 w18 1.0 1.5 6.0 850 H/3+  H/3 156 +0.3 to -4.0 6.17
3/29/58 2800 | 2 2 E08 1.3 1.5 7.0 180 =0.2 to -2.2 6.18

o 3/28/58 2800 | 1+ 2 E0Q 3.0 1.5 7.0 192 «2.5 to «3.5 6.19
5/17/59 3150 | 2+ 2+ | Wil 2.0 15 10.3 1650 -2.0 6.20

7/21/59 2800 | 2 2 E50 2.5 2.0 3.0 410 0 to ~5.0 6.21

5/08/59 3750 | 2+ 2+ E86 3.0 2.0 4.0 917 /2 -0.5 6.22

ey 2800 3.5 3.0 6.0 629

6/18/55 2800 | 2 2+ w2l 2.0 2.0 k.0 790 -2.2 6.23

6/25/60 2800 | 1« 2+ WOl 4.5 2.0 4.5 155 /3 H/3 2 0 to -1.0 6.2

6/05/57 2800 | 1+ 2 Wh3 1.7 2.0 5.0 43 8/3+ +0.2 to -2.8 6.25

11/05/57 2800 | 1+ 2 W5h 2.3 2.0 5.5 240 +0.3 6.26

6/18/59 2800 | 2 3+ w13 2.0 2.0 6.0 612 -5.0 to =10.0 6.27

i 12/12/58 2800 | 2 2+ | oo 3.5 2.0 8.0 430 /3 ®f2 256 -1.5+ to +b.5 | 6.28
8/02/58 2800 | 2+ 1- w90 3.0 2.0 9.0 683 H/3 +1.1 6.29
2/24/56 3150 | 2+ 3 E26 3.0 2.0 16.0 907 s/3 1.0 6.30
7/22/56 2800 | 1+ 2 W55 3.8 2.5 5.5 180 +0.8 6.31
8/ar/60 3750 | 1+ 1 E84 4.5 2.5 6.5 130 +0.5 to +1.6 6.32

12/11/58 2800 | 2 2 WO 5.0 2.5 T.0 245 H/3 2 -2.0 6.33

12/02/59 2800 | 1+ 2+ w16 2.5 2.5 8.0 350 58 -1.5 6.34

1/15/58 2800 | 2 2+ | ws8 25 2.5 10.5 540 *0.Tto 3.0 | 6.35
8/14/60 3750 2 24 Wob 5.0 2.5 1.0 282 . 4.6 to -8.6 6.36

1 E39 5.6 to 9.6
1/21/59 2800 | 1+ 3 EL8 6.0 5.0 9.0 100 B/3 -1.5 6.37
3/13/56 2800 | 1+ 2 E50 4.0 3.0 8.0 215 6.38
1/06/57 2800 | 1+ NFP 2.0 3.5 7.0 350 H/3 H/3 hg 6.39
8/11/60 2800 | 2 2+ E26 5.0 4.0 14:0 220 H/3+ EBf2 Lg 0 to ~1.0 6.40
ufo5/59(2) | 3750 | @+ 3 68 8.0 b5 11.0 290 3.0 6.1
3/15/56 2800 | 2 2+ E21 5.5 5.5 12.5 220 38 -8.0 6.2
10/21/58(3) 3750 | 2 2+ wa22 7.0 2.5 51.0 164 2/3+ E/3 166 0 to -6.0 6.43
10/11/60 3150 | 2 2 w3t 9.0 6.5 1.0 172 s/3 s/3 i -6.0 to -32.0 6.44
12/23/58 3750 | 2 2+ E66 1.5 9.5 27.5 128 %) -19.0 6.45
6/09f59t™) | 2000 | 2 2 ES0 5.5 9.5 31.0 321 B/2 ug +1.5 6.46
Averagé 2.7 2.4 7.7

(1), (W) These two events numbers 10 and 46 meet the group classification of Covington. The two events are
separated by 21 mimutes when the flux was less than 10f of the pesks.
(2 Burst in progress at 3750 sunrise, consequently Rise Time and Durabion are gquestionable, probably
less than the values that are based in extrapalation apd reports at other frequencies.

(3 Profile classification of this event questionable. The major impulsive parrow profile burst is
followed by a long duration burst with three major peaks not included in the 10f average.
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A TABLE 7 'MAJOR RF BURSTS AT 2800 OR 3750 Me/S,
NOT FOLLOWED BY A KNOWN PCA EVENT;
CLASS 2 PROFIIE {IMPULJIVE BROAD PROFILE)
Imporiance ation 3pecira) Data
Rige Rate Fig.
Date £ R Flare| CMD Time 2508 2108 Rise 11 1vm I¥em Ly Lo
[ E & b
3/28/58 2800 | 1+ 2 E3L | 5% 9.5 4 1Y 104% “1.9 7.7
9/03/57 2800 | 2 3 W30 | 7+ 75 1.5 | 193¢ -1.0 to -8.6 7.2
4/16/57 2800 | 2 3 EB5 | 6.5% 9.5+ 9.0 315 | 254+ 17k 3 -7 %o -12 72
5/01/63 3750 2 2 E&6 | 5.5 11.5+ 2.0 @22 202 130% [ 5/1 2 to -4 7.3
9/15/63 3750 | 3 2 |E63/ETS| 4.5 19% 6.5 52 980 ugo* | s/a bg +22.4 to +7.4 7.5
5/11/59 2800 1+ 3 E41 {11.5% aL.5 33 783 /3~ H3 i ~0.5 to «12 7.4
1/15/60 2800 | 1+ 2 W69 | b5 WS 215 »>77 10 uge 106 -14.0 7.6
Average 10.6% 13.6 33.6
*Maximum peak flux
B’ First peak
b Second pesk
TABIE 8 MAJOR RF BURSTS AT 2800 OR 3750 Me/s
f NOT FOLLOWED BY A KNOWN PCA  EVENT;
: CIASS 4 PROFILE (SEOW COMPLEX RISE)
Jmportance AP Durasion pectral Date
" Riee Rate Fig.
Date E RF, Flare | cup Time 2504 210% Rise 1z Tim Ivem Ay ¥o. |
6/29/60 3750 | 1+ 1 |wab/usé| 13 P bl d 65 s/e s/3 tg -0 9.1
2/19/56 2800 | 1+ 1+ | wer 9.5 [ 22 68 68 -10.5 9.2
9/16/6312) | 2800 | 1+ 2| m9 66:5 10 8 n 156 gt | 9.3
1/06/57 2600 | %+ 1- w3 2 13 >ho 20 H/3* g 1 9.4
j— 2/16/56 2800 | 1+ 2+ | EOB 5.5 17 se 39 3 ? 9.5
4/a7/51 2800 |3 3+ | E0 36 7 W 67 B3 8/3 ig <34 9.6
9/16/602) | 2800 | 2 1 £68 51 0 35 40 83 B3 & +32 9.7
12/26/56 2800 | 1+ 2 w10 19 22 56 L8 /2 +he 9.8
*Type IV in progress, started at 1706 cm, 1711 m.
{1)nis event has a1l of the characteristics of a FCA event.
i : {2)grivaky reports & PCA starting.at 1920 based on balloon chservations.
i
4
i
TABIE O OUTSTANDING RF EVENTS (FLUX > 1000 UNITS) AT CENTIMETER WAVE~
LENGTHS WITH SMALL OR KO REPORTED EMISSION AT 2800 0R 3750 Me/s
FLARE SWF SPECTRAL RF_EMISSION
FEAK
i DATE _|s7aRT |Max, | 1vp, |posTrron |szaRr DUR. |TYPE |nep. | IX  13Vm | IVem £ |MIS |START _mx__l DUR, JFLUX At PCA
12/29/56 | 0040 [00bs | 1+ | NI6ES | OObM | 106 | § 3+ 3000 } TOK jook3 {0056 | 90 1150 + 1 N
wos 130 1| swwe w® 2980 { NED | 1120 - | 1.0 1700 wo
3 6/06/57 3 ﬁ%ﬁ i 2800 | orr 1129 |1329.8) 2.5 | 525 2.2 4.2
NEP | 00004 0 o2z s e 3000 | rok {ozag {0254 | k0.0 | 1100 e
\ 10/20/57 310 [ or » 3750 | maG {0238 |o2sk.h| 18.0 | 478 .
i { o2 1 | msEoe | o156 | U9l sL 3000 § T0K {0153 {0232 | 70.0 | 1130 -2 xo
12/13/57 | {221 3 > i 3 3750 | NAG JOXS5 0232 6.0 650
2/26/58 48} 2 {sweeL | osko| s6|sL |2 |ose 3000 | TOK josk3 | 0545.8] 5.0 | 343 o
/2645 il 3;52 bisf2 0550 [ 0550 8.0 | 1048 42, -2
3750 | naG |o5k3 | 0551.7) ak.0 | 500] +3.7, <0.3
100 S1LETB 53 | 1003|2980 | ¥ED [0953 - 110.0 [y13ko 3.2 @
3/23/58 | o7 mé * 76 | 0953 | 196 3 132/106 {3000 |mx 0958 |ao02 20 puigo -1
010 80-3000 - ; st Tts"‘
oy - S i
10; -23
133 o8
/58 | o822 {0835 | 2+ | siowBo | o851 | 8|S {3 2980 | wEp {0833.5 - 1 s50] 3n
Kk 0836 27/8e 0847.5 43.0 1 810
0900 82-9400 |:3000 {HHI j0830 0904 | 69.0 | 1259{+29, +28, +b, W
m3 |1 | m R o115 |2000 imag tommr  joxzz | 30.0 | 2250 + 10 o
8/28/59 | o om3 359 15/~ 3000 |TAK {0115 0120 20,0 |.1520 +7
9f03/59 | o1 [ok2z | 2+ | N2SEB6 | oh22 | 20 S 3 b2k 3000°| TAK {1420.5 {2M20.5] 2.0 | 6850 - ég KO
oli2 13.5, - 24
g3 3.5/ Su3
5/26/60 | 0850 |oge2 | 2+ | mlns ok | M |s |2 ogo2  |2980 |uED |o900 - | 27.0 p1350 - N
0928 48/6g
0930 200/9100
0934
uj63 | 220z {2206 | 1 | m12ET: m 2000 | ms 2230 |2235.5] 12.0 | 1880 +29.5 no
*o/24/63 3 2800 forr |2229.5 {2235 | 10.5 | 180
18/63 | 2236 - |1 | mee20 L 2000 |mo {211 12327.0] 130.01 1100 no
el 3750 | mag j223%  {2330.5{ 120.0| 57

# Sec. Table 17 for other events during September 1963.
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.
s I FLARE FCA ROFIIE | FLARE. 1
FIG. Lok C¥D ) IMP, | PEAK do 8T LiA33 | ONSET b UTHER f | PEAK .
Lo iofestse | W] 3+ | 3757 118000 | 13.07 O 2 1 03341 -6.5 3000 {2 ukin |
7400 +1.5 2% |r2oin
L] fesfec | E88 } 2+ | 3r30 22000 | 2.7] 4P 2F 1 0030} -3, =6 00 14700
2700 1100
2% | 1/35/00) W35 | 3 3150 {13600 |20.0] 2 2 2 o207 | %1. 200 24000
7400 +17.5 2000 4950
1000 G150
4.5 | 3fenfen | B0 | 2+ 3750 | B2s0 | 2,6 a2 4 DGUD | +30, +23, 322, +20.5 | 2000 LTl
: 200
i
7.5 19/35/us | B73 | 2 3r50 | 4500 |NONE REPORTED| 2 0015 | +10, -1, =3, =5 g400 | 17000
8080 422, 411, +9, 47 2000 2s0c
2% 7/16f32 | w30 | 3+ |2800 | wooo |ea.2]ih 367 2 211h { «3.5, «7.5, =9.5 200 1200
63500 4225, 425.5, +23.5
kb fv/rof50 | B63 | 3+ {3750 | 6300 Jeoof M ™ | 0206 [+1.5, -12 s00 | 26500
8500 *14.5, +0.5 1000 6000
w7 | 77150 | Bob | 3+ [3750 | 6ooo Jezr {1t ac® | 0325 | +7 9400 6300
200 | 10000
b4 jhjosfeo | wea | 2 3750 | 6000 | 3.1 2P us® 4 (€0215 | FLARE ORSET HOT ghoa 14200
SEEN 2000 1230
1000 18000
9.6 {4/17/57 { B69 { 1 2800 | 6000 {NONE REPORTED 4 2000 |?
1.20] 8/16/58 { ws0 | 3+ 3750 | 5800 {¥as {2t 28" 1 o433 lo, -1 9500 7340
3000 5030
200 18000
2.7%| 11/12/60 who | 3+ |2800 | 900 lar.2{ot 4™ | 2 1315 {415 9100 | >7500
4800 46,5 1500 Ve
5500 +16 200 2000
1. 20/63 | Wo9 | 2 750 | 5350 [PCA IN FROGRESS FOR | 23ib | -+ 51 9400 3500
7a| 9/20/63 | Wo9 315 50 MINUTES | 2000 2100
J— * GROUND LEVEL EVENT
@
TABLE 11 THE SOLAR ‘REGION 3400 THAT
= CROSSED THE SOLAR DISK BETWEEN FEBRUARY 10 AND 2k, 1956
5 FLARE TWF SPECTRAL R F _EMISSION _ TEL
T - TEAK
pare | srare | wax, {mvp. | postrion] sramt | bur, |rveE joe. | 11| avel avem | £ lonser] wax. Ipum, prx laslas | a7 Fic. wo.
2/10/56 | 2110 {2138 | 3 | N23890 | 2110 | 55 8 | 3+ 2800 | 2112 28.5 | 346¥
" 2/1/56 (0538 {0557 | 3 | N22E33 | 0532 | 116 j SL | 3 °27' 3750 | o541} 0553 | 75.0 | 2720 6.30
26/3,
i 2/16/56 11805 |1837 | 2+|nm20oEo8 | 2802 | 93 | 8L | 3 1%2? 2800 | 1756| 1813 | 51.0§ 623 9.5
b : 384/3
2/17/56 |1100 |1120 3 | NeoWos 1102 Ly s 3 NOKE REPORT
2/19/56 {1430 | 1445 | 1+ |N23W2? | 1kag | 151 5 |3 1428 (2800 | 1425 643 9.2
57/68
2/23/56 |o33 |o3b2 ~ 3 |HamwBo | 0330 | 160 3+ 0335 | 3750 | 0334 | 0336 | 15.5 | 18000 16.5 |13 o 29 1.8

50/2¢;

! | 1 H
#IN SUNSET OSCILIATION

TABLE 12 THE SOLAR REGICH 394} THAT CROSSED THE
BOLAR DISK BEIWEEN APRIL 15 AKD 23, 1097

" AaN— T3 SPECTRAL T T HF RSSO
DATE START . » { POSITION ) ONSET . . II | IVm iVom l T IOIISEI‘ MAX, P;Jik‘l‘}oh PEAX | At | Fig.

FLUX Yo,
T
i 4/16/57 faonis | 2053 | 3 {neoEds |aoks | 7] 8] 3 1038 ' 2800 | 10LO Imua 54 1650 |- 19 7.1 .
1105 57/3
200~940¢ |
4/17/51{ 1006 | 2002 [ 3 [weoE7s 2980 { 1005 ]

8/17/57) 2000 | 2118 3+ | N20E69 1937 | 163 5L 3+| 2032 | 2011 2021 2800 | 2005 | 20u2 79.0 | 0000 |- 3} 9.6
o3 | ukjz | bjhy f
200-2800 )

i

TABLE |13 THE SOLAR REGION 4708 THAT
CROSSED 'THE SOIAR DISK BETWERN AUGUST 15 AND 28, 1958
ANT REGION L6B6 THAT CROSSED THE DISK BETWEEN AUGUST 6 AND 18, 1958

L LARE. S SPECIRAL S AR CAP, ABS, .
B FEAK Fis
DATE | sTART | Max. [TMP, | POBTTION | ONSET [puUr. |rvrE o, |11 | ™ | mver £ Jonser wax. IR, mrx'Aa OJSET { Int. db. ! AT |nO,
*8for] kst 1505 3 | s16E7TY | 1500 { 205 | S 3% 2800 | 1438 220 :
1508 1500 {1503 [13.5
1509 1516 {1522 [12.3 -1 %
1510 -1
1511
*3/13} 12051220 | 2 | s1wB None Reported| 2300 | 1207 [1220 |13.5] 115 |-10
*8/16| o432] 0439 3] Blwwso | o432 | 661 & 3+ o438 | oh39 3750 | o43b {ou3e 1¢0.0} $600 0 G500 1% {1haF hao
ollio 57/3+ | 146/56 -1
1690500
8f19| 2128|2254 2 N18E26 2200| 65| s 2 2207 | 2150 2800 | 220k {2210 [17.0( 335 -uk
2258 114/3 | dkof6e 13750 | 2006|2210 [10.0[ 325 [-ue
2320 169-9500
233t
8f20{ ook2|ooh3] 2+ mIEEIT | ooz 33| 8 2+ | cok6 3750 oausoouz.?:.o 1450 0.5 [e1/1404 3.0
0obé 19/3 =35
8f22| 117 | wu8{ 3 N18W10 1351 1704 8 3+ 1500 { 1438 2800 § 2430 j1506 | 12¢| 3500{+18 ] 1s30 106 |iFeF fa
1506 6x1/2 | 92f200 0
167-9400
8251 ogh9 | 1000 2+ HI6Wh6 3000 J 0952 | 1005 }76.0| 334{4+5
1003 +2
1005 0
1615 : X «10
: )
8/26] o005 Joo27 3 | Meowsk oolc 2o sL| 3+|oo2r| nojo | o017 [3150] ooo- | ook fs0.0f soselen | oree [ 1o.s (s ks
| . ‘ ' 2uf3| 2uof3 | 113/208
1 167-940

* THESE SOLAR EVENTS OCCURRED XN SOLAR REGION 4686 WHICH CROSSED THE SOLAR DISK BETWEEN AUGUST 5 AND 18,
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TABLE 1b THE SOLAR REGION 5148 THAT CROSSED
THE DISK BETWEEN MAY 3 AND 21, 1959

FLARE | SPECTRAL 4 R EMISSION !
IMP
START | 48X, | Ir) MM bed Ive| IVer a4r ap £ DNSET] WAX. |wa
He
o8 | 2252 | 2256 2+ | H23E86} S/2/22 2259 2800 2254 | 2257 . s
2258 20/3 3750 122w | 28355 | 1L 2t
09%| 0123 | 0150} 3 |neoe78 M !
10| 2055 | 2o | 3¢ | moeur fysr/aesseo| 2123 |en6 f2108 | 2" 05® 22 |2800 |2200| 2249 | 7160 2500 +, +1|u.10
2148 } 8/3+ 1164/3] 157/86
25| w |3 |moest
1§ 2006] 2022 13§ HroRNY| 8/3-/67 2020 {2028 2R3 ahsorption 2800 2010 | 2022 200 | YO0 0, A3 7.4
2034 19/3+ | 18/3 }z2/4 | still incremsing 2033 750
13 | 057 ) 0513 | 2s | Ne2Ee6| s/2/36 10516 |oses |one 3750 jos10 {C523.1 ¢ 5.0 | 570
051k 9/3 |63/1 118/3
0515
1554 1210 2 | uME8| 6/1+/30 2800 11552 {1553.4 | 5.0 | 100
1613
17 | 0523 0527 | 2+ | N2IM30| S/2+/35 3750|0523 | 0525 13.0 |3300 | -2 6.20
oroo | 0707 |1 | m2ow30| S/24/23 3750 |o705 |0706.7 | 3.0 11280 1.0.3, 1 6.8
o708 1.3
18 P 8/2/50 d}m ;3750 oo jouon.2 | 3.0 li7so £.6
5/- i :
Db |
| | i % This major flave reported by.Sydney only. No RF reported at any fresuency, and no 3.
- TABLE 15 BASIC CHARACTERISTICS OF REGIONS THAT
o PRECEDED AND POLLOWED THE JULY 1959 REGION 5265
PLAGE SUN SPOT FIRST FLARE
PLAGE o MEAN GREEN. P DAYS Max, | MEAN M ar DATES MEAN 50,
xo. 7.3 AREA | POBITION o, 101G« SEER AREA | AREA | NUMBER SEEN | MAG. CL.| FLARES [ pate | oo
1AT, o DATE
so70 | 3/28.2 | 800 N8 19253 3/28.51 2h-3 375 127 | 14018 3/28.5 26-2 aﬁ 1 2 3/31 | W 36
. hfe
320.5 E53- N 20
i 9.2 W78
5105 | 4/2k.6 | 7500 X238 19301 4 /24,70 19-29 379 166 | 1hoTh Lf24.8 19-28 aﬂpd 5 /18 1 E 8
Lfe3
" 3215 &70-
H21.l w62 r2
5157 | s5/21.4 | 4500 N 20 19352 5/20.96 17-27 g-}gb 508 | 14139 5/22.0 15.26 4 ﬂpl 30 5/17 | B US
327 33%.5 EU5-
m6.9 w 81 N 16
5204 | 6/17.5 | 9000 N 19 19396 6/17.46 1-23 %.1/11 856 | 1211 6/17.5 11-23 1¥1 70 6/12 | E 90
330 1
330.4 E80- B 17
mr.) w79
5265 { 7/13.7 1 12000 ¥ 16 AgukB 7/14.66 8-21 1'781 ik/2 | 1u28h 7/1k.7 8.20 1¥1 82 7/o1 | £ 90
7/27
339 330.4 EBY4- N7
. 6 W 85
5315 | 8/10,1 | 11000 N17 1gkg2 8/11.03 5-14 §7u 193 | 14348 8/12.3 415 1xd None
05
. 3h2 328.3 E76- N1k
po Kik.9 W k7
bt TABLE 16 THE SOLAR REGION 5265 THAT CROSSED THE
SOLAR DISK BETWEER JULY 8 AND 21, 1959
g FLARE ] S SPECTRAL RF 21551 POLAR CAP. ABS. N
T T T PEAK Tnt. | P
DATE | START | MAX, | Inp. | POSXTION ONSET |DUR. \TYPE |Imp. | II : I¥s | ivem ? !onss-r MAX. |DUR. , FLUX 5% ONSET ; db 1 AT ol
t
: ,
i !
7/8 | o703 [om1} 1+ | WIGEES First flare in region 5265. No|associated phencaens reported ‘ 1 :
]
7/09 | 1930|1956 | 2 | moE67 : 1983 29 | 8 |1+ 204, 2020 | 2800 ] zoue | 206 | 200 wrs! 3 2000 ¢ jﬁin |
1959 196/3  1uofég B . +43 1 1
2001 167-9400 H +h1 i H
2046 i o ; t 1
! : .
tr/ro | o206 {oeea| 3+ | M20E63 | o200 [150 gL | 3+ oceafs 0209 | 3750 | <0209 022k 55 16300 42 000 1 20,0 '1"‘ 548 .3
G o236 /i 57/3% | co36.3 s | s . | |
0308 167-9500 i 9/2000 - 10/1000 | i
1
051 3+ | ‘HI6E59 3750 | 0514 ] 0516 | 20.3( 26 ' H ;
539 o8| 3 | meuvesd | o6os fass | & | Fone reported. i
i ; : :
mfiz | 213k |2e30| 2+ | mgmeh | 2220 {100 6 |2 2800 | 2224 . 2228 | 16.0] 80 ! -2 : : *
2231 3750 | 2225 2228 | 15.0] 105 -3 ; ! R
-3 i i
2250 ) ; = H i
/13 | cess |owo| 3 | msms | owos ] 7r | o - 3750 | 0eu8.8  c2os| 3.0| 38 | |
3000 | ORbp  ©@50 3.0( 346 i
/i | 0325 (0349 | 3+ | HI7EOM | 0328 180 B § 3+ {0338/8] ow0i/3. 0337 (3750} 0330 0356 | 100. |.6000 +7.0 i okhs 23.7 ,1" ad® 7
0520 | 0527 34/3 {129/3 1987306 i | .
L 3bfokls - 14/0800 !
7/16 | 1525 (1556 1 3 w27 1610 | 28 8 |2 161(?( 2800 1613 1615 9.0} 350 +19 !
2615 ; ! 7/3 o i
1616 i i : | B : }
1628 : i : -3 i
. H i : . {
2k 2125 | 3+ ¢ m6K30 } 2118 la77 | 3 3+ | 2121 | 212, 2121 i 2! amg  zie2 o lhooo -2, -7, -9 |eszso ] oeres 0t ® 2.2
2129 1 b | 262/3 {159/106 | D | 4200 49, 45, 43 ' { |
2131 R ! i : 167-7u00 ! o2k 1 6500 . 429, +25, +23 [16/2200 - 17/0600
| | % Ground level effect at 2250. L i y i i :
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