WORLD DATA CENTER A

for
Solar-Terrestrial Physics

REPORT UAG-81

EVOLUTIONARY CHARTS
OF SOLAR ACTIVITY (CALCIUM PLAGES)
AS FUNCTIONS OF HELIOGRAPHIC LONGITUDE
AND TIME 1964-1979

P

=
S

August 1981

1970 Northern Hemisphere

90° Co120° 150° 180° 210° 240° 270° 300°

30° 60° 3
e e




WORLD DATA CENTER A
National Academy of Sciences
2101 Constitution Avenue, NW

Washington, DC, USA 20418

World Data Center A consists of the Coordination Office
and the following seven Subcenters:

COORDINATION OFFICE
World Data Center A
National Academy of Sciences
210! Constitution Avenue, NW
Washington, DC, USA 20418

[Telephone:

GLACIOLOGY (Snow and Ice)

World Data Center A: Glaciology
(Snow and Ice)

Inst. of Arctic & Alpine Research

University of Colorado

Boulder, Colorado, USA 80309

[Telephone: (303) 492-5171]

METEOROLOGY (and Nuclear Radiation)
World Data Center A: Meteorology
National Climatic Center

Federal Building

Asheville, North Carolina, USA 28801
[Telephone: (704) 258-2850]

OCEANOGRAPHY

World Data Center A: Oceanography

National Oceanic and Atmospheric
Administration

Washington, DC, USA 20235

[Telephone: (202) 634-7249]

ROCKETS AND SATELLITES

World Data Center A: Rockets and
Satellites

Goddard Space Flight Center

Code 601

Greenbelt, Maryland, USA 20771

[Telephone: (301) 344~6695]

ROTATION OF THE EARTH

World Data Center A: Rotation
of the Earth

U.S. Naval Observatory

Washington, DC, USA 20390

[Telephone: (202) 254~4023]

(202) 389-6478]

SOLAR~TERRESTRIAL PHYSICS (Solar and
Interplanetary Phenomena, Ionospheric
Phenomena, Flare-Associated Events,
Geomagnetic Variations, Aurora,
Cosmic Rays, Airglow):

World Data Center A
for Solar-Terrestrial Physics
Environmental Data and Information
Service, NOAA, D63
325 Broadway
Boulder, Colorado, USA 80303
[Telephone: (303) 497-6323]

SOLID-EARTH GEOPHYSICS (Seismology
Tsunamis, Gravimetry, Earth Tides,
Recent Movements of the Earth's
Crust, Magnetic Measurements,
Paleomagnetism and Archeomagnetism,
Volcanology, Geothermics):

World Data Center A
for Solid-Farth Geophysics
Environmental Data and Information
Service, NOAA, D62
325 Broadway
Boulder, Colorado, USA 80303
[Telephone: (303) 497-6522]

World Data Centers conduct international exchange of geophysical observations in
accordance with the principles set forth by the Internmational Council of
Scientific Unions. WDC~A is established in the United States under the auspices
of the National Academy of Sciences. Communications regarding data interchange
matters in general and World Data Center A as a whole should be addressed to
World Data Center A, Coordination Office (see address above). Inquiries and com~
munications concerning data in specific disciplines should be addressed to the
appropriate subcenter listed above.

SUBSCRIPTION PRICE: $30.00 a year; $17.30 additional for foreign mailing; single copy price varies.
Checks and money orders should be made payable to the Department of Commerce, NOAA/NGSDC. Remittance
and correspondence regarding subscriptions should be sent to the National Geophysical and Solar-—
Terrestrial Data Center, NOAA, D63, 325 Broadway, Boulder, Colorado 80303.




WORLD DATA CENTER A
for

Solar-T errestrial Physics

REPORT UAG-81

EVOLUTIONARY CHARTS
OF SOLAR ACTIVITY (CALCIUM PLAGES)
AS FUNCTIONS OF HELIOGRAPHIC LONGITUDE AND TIME
1964-1979

by

E. Ruth Hedeman, Helen W. Dodson and Edmond C. Roelof
The Johns Hopkins University
Applied Physics Laboratory
Laurel, Maryland 20707

August 1981 - Wié
Published by World Data Center A for :! 5 | F : \ E

Solar-Terrestrial Physics, NOAA, Boulder, Colorado
and printed by

U.S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
ENVIRONMENTAL DATA AND INFORMATION SERVICE
Boulder, Colorado, USA 80303




II.

III.

IV.

CONTENTS

Introduction o o o o o o o o o o s o o o o o o e o o o s o o s o o

Data Relating to the Principal Centers of Activity, 1964-1979. . .
Acknowledgements « o « o s o o o o o o o s s o s o o o e o s o s o

Table 1. Information About Regions of Special Interest, 1964-1979

Evolutionary Charts of Solar Activity 1964-1979
Northern and Southern Hemispheres, SEPARATE. o« « ¢ ¢ o ¢ o o o o o

Evolutionary Charts of Solar Activity 1964-1979
Northern and Southern Hemispheres, COMBINED. « o o o o o ¢ o o o &

Solar Cycles 20 and 21 (1964-1979) < ¢ o o o s o o ¢ o o o o o o o

ii

.

.

Page

4-36

37-69

70-101

103




EVOLUTIONARY CHARTS OF SOLAR ACTIVITY (CALCIUM PLAGES)
AS FUNCTIONS OF HELIOGRAPHIC LONGITUDE AND TIME
1964-1979

E. Ruth Hedeman, Helen W. Dodson and Edmond C. Roelof
The Johns Hopkins University
Applied Physics Laboratory
Laurel, Maryland 20707

I. INTRODUCTION

The richness and diversity of data relating to solar activity present a challenge from the point of view of
organization and evaluation. For phenomena such as plages and centers of activity that tend to last for more than
one solar rotation, we have found useful a sequence of "evolutionary charts"” based on heliographic longitude for
successive solar rotations. Such a diagrammatic representation of calcium plages as a function of longitude and
time, coupled with considerations of heliographic latitude, permits relatively easy and confident recognition of
successively returning centers of activity.

In past years, certain studies of solar activity prepared at the former McMath-Hulbert Observatory of the
University of Michigan have used the format of such evolutionary charts to organize the chromospheric aspects of
long enduring solar activity for time intervals of several years. For examples, see "Some Patterns in the
Development of Centers of Solar Activity, 1962-1966", H. W. Dodson and E. R. Hedeman, IAU Symposium No. 35,
Structures and Development of Solar Active Regions, page 56, 1968; also, "The History and Morphology of Solar
Activity, 1964-1965", H. W. Dodson and E. R. Hedeman, Annals of the IQSY, Vol. 4, Page 3, 1969. These charts
proved useful in recognizing patterns of large scale organization on the sun. It is possible that solar activity
organized in this manner for 16 years, somewhat more than an entire solar cycle, can provide guidance for the
interpretation of other aspects of solar activity and of phenomena of the interplanetary medium including sector
boundaries, geomagnetic activity, energetic particle events and solar wind streams. To this end, evolutionary
charts have been prepared at the Applied Physics Laboratory of the Johns Hopkins University on the basis of
McMath-Hulbert Observatory data and diagrams, (with the exception of the last three months of 1979, for which
plage data from the Hale Observatories and reported in the Solar-Geophysical Data Bulletins have been used).
These charts organize data relating to practically all calcium plages reported by the McMath-Hulbert Observatory
to World Data Center A for Solar—-Terrestrial Physics (Boulder) in the years 1964-1979. The survey covers centers
of activity for all of Cycle 20 and the rise to maximum of Cycle 21. More than 200 solar rotations are
represented in the charts.

In order to characterize more fully the characteristics of the active centers depicted in the evolutionary
charts, we present in Section II (Table 1) an extensive compilation of data on the principal centers of activity,
1964~1979, For each "family" of active regions, the remarks in Table 1 summarize significant solar
characteristics as well as terrestrial effects such as geomagnetic storms and energetic particle events. In
addition, a quantitative Active Region Index (ARI) and a more detailed Active Region Profile is computed from five
solar indicators of the regions' disc transit activity (flares of Hq importance » 1, sudden ionospheric
disturbances, sunspot area and magnetic complexity, and decimeter and meter radio emission). The Active Region
Indices and Profiles are included .in Section II, not only because they provide useful solar diagnostics, but also
because of their possible relationship to the severity of solar-terrestrial disturbances during the disc transit
of the principal active centers.

Each circle on the charts themselves represents a calcium plage reported by the McMath-Hulbert Observatory.
The size and form of the circles vary according to the area, intensity, and flare activity of the center of
activity defined by the plage. The size is related quantitatively to representative disc~transit CakK plage area—
intensity measure (k) based on the daily values of corrected plage areas A (in millionths of a solar hemisphere)
and intensities I (1 = faint, 5 = very bright) reported by the McMath-Hulbert Observatory and published in Solar

Geophysical Data. The area-intensity measure is

A
500

The thickness of the circles representing the active centers increases with increasing flare activity.
Surrounding squares indicate the regions that produced flares associated with the most highly energetic particle
emission. When the  charts for 1979 were prepared, complete energetic particle data were not available;
consequently no squares appear even though there were some PCA events, e.g., June 5, August 18 and 20, and
November 15. The circles are plotted at the heliographic longitudes of the centers of the respective plages for
the rotation in question (within * 5°). Plages for which both latitudes and longitudes are relatively similar on
successive rotations are considered to be returns of the same center of activity, and are connected by straight
lines., Dashed lines sometimes connect old and dying plages with the resurgence of new and more active centers of
activity in the same location. Dashed lines also join transient plages (duration < 14 days) with other more
permanent features. On the charts, time runs from right to left (according to change in heliographic longitude on
the sun) and from top to bottom (according to advancing Carrington rotations). The beginning time (month and day,

to a decimal fraction) is indicated to the right of the Carrington rotation number on the right margin of the
charts.

k = + 2 (1-3)




Latitudes are not specifically indicated for the individual plages on the charts because of the clutter which
would result during years of high activity. To aid in the identification of specific centers of activity and to
permit a clearer evaluation of the development of activity on the sun, separate evolutionary charts for the
northern and southern hemispheres are presented in Section III. The section opens with an extensive graphical
legend illustrating the description of symbols given above, and the pair of charts for each year (1964-1979) is
preceded by a brief summary of the most notable patterns in the evolution of that year's activity. In order to
provide a view of activity oun the whole solar disc, combined evolutionary charts for the years 1964-1979 are
presented in Section IV, with the symbols for northern regions in black and southern regions over-printed in
blue. Again, the section is preceded by a graphical legend, in which the symbol sizes are graded by the values of
the CaK area-intensity measure (k) precisely to the same scale as the following charts. Finally, a summary chart
appears at the end of Section IV which combines the northern and southern charts of Section III into a single 16—
year, 2l4-rotation (Carrington 1474-1689) evolutionary history of Solar Cycle 20 and the rise of Solar Cycle 21.

The effects of differential rotation are clearly evident in the evolutionary charts. In general, centers of
activity with latitudes in the teems have rotation rates of approximately 27.3 days and present nearly vertical
flow lines in the diagrams. New cycle regions with comsiderably higher latitudes tend to rotate more slowly and
describe flow lines sloping downward to the left (e.g., chart for 1966N). Later in the cycle, regions with lower
latitudes have faster rotation rates and generally develop flow lines sloping downward to the right (e.g., charts
for 1970N and 1970S). Proper motions of the regions or asymmetric growth and decay frequently modify the above
general patterns. It may be of some interest to compare the patterns in these evolutionary charts to the trends
which appear in the charts of large~scale solar magnetic fields inferred from Ho absorption features published in
the "Annotated Atlas of Hq Synoptic Charts" by P. S. McIntosh (UAG Special Report No. 70) which covers Solar Cycle
20 (1964-1974) in a corresponding format of 140 Carrington rotations (1487-1616).

TI. DATA RELATING TO THE PRINCIPAL CENTERS OF ACTIVITY, 1964-1979

To aid in correlating the information contained in the evolutionary charts with other aspects of solar-
terrestrial interactions, descriptive notes on individual centers of activity that were significantly above
average, on the basis of flares, spots, or associated aspects of geophysical or particle phenomena, have been
compiled in Table 1 for the principal centers of activity for the 16 years covered by the charts. Table 1 is
arranged so that successive rotations of the same center of activity are grouped together. For each of the
important centers, the level of activity has been quantified by computing an Active Region Index (ARI) which has
been derived on the basis of the following solar indicators:

a. Number of flares of Ha importance 1 or greater (scale of 0-5)

No. Scale
-2 0
3-9 1
10-19 2
20-29 3
30-35 4
> 36 5

b. Number of Sudden Ionospheric Disturbances (scale of 0-5)

No. Scale
0-1 0
2—-5 1
6~15 2
16-25 3
26-49 4
> 50 5

c. Spots - area and magnetic complexity (scale of 0-5)

Sunspot Area* Spot Type and Scale
Max Mean T a ] BY»Y
<500 <500 0 0 1
500-1000 <1000 0 1 2
>1000 400-1000 1 2 3
1000-3000 1000-2000 2 -3 4
>3000 >2000 - 4 5

*Spot areas in millionths of the hemisphere.

d. Intensity of ~ 10 centimeter radio. emission/maximum radio temperature (scale of 0-5). When data were
available, this component of the region profile was based on the maximum radio temperature of the plage as it
traversed the solar disk, as observed on the whole disk scans made by the radio telescope of Stanford
University at a wavelength of ~ 10 centimeters.

Max. Radio Temp. (x 104 °K) Scale
0-25 1
26—-50 2
5175 3
76-100 4
>100 5




After 1973, the Stanford temperature data were no longer available. For subsequent years, evaluations have
been based on the daily east~west scans at a wavelength of ~ 10 centimeters, made with the radio telescope at
Ottawa. The scale used (0-5) was then dependent on the maximum height reached on the daily scans for the
appropriate region. This was a subjective evaluation, but was made after intercomparing many of the earlier
regions, for which radio temperatures were known from the Stanford data, with the concurrent Ottawa scans.

e. Intensity of meter wavelength radio emission (scale of 0-4). For this componment of the region profile,
the Nancay charts presenting the solar interferometric observations at 169 MHz were examined. The Nancay
records also were compared with plots of the daily 200 MHz solar flux, and when Nancay observations were not
available, the latter data were used.

When an active region could be identified on the Nancay charts with a reasonable degree of certainty, the
maximum intensity of the region as it crossed the disk between east limb and west limb (as recorded on the
charts) was then converted to a scale of 0-4, Although these were subjective evaluations, an effort was made
to keep the numbers within the following bounds:

Evaluation Nancay Max. Intensity Scale
"Radio noisy” region for <~ 30 0
only a few days.

"Radio noisy” region for < 100 1
1-7 days.

Radio noise present during 100-200 2
almost entire disk transit.

Strong radio noisy regiom. ~ 200 3
Very strong radio noise > 200 4

during disk transit.

The Active Region Index is the sum of the five evaluations:

ARI = a+b+c+d+ e

More detailed information pertaining to causal effects of solar-terrestrial disturbances is contained in the
Active Region Profile, which is represented by the five numbers (a,b,c,d,e) that appear to the left of the ART in
Table 1.

The list of principal centers of activity in Table 1 has been supplemented by the addition of data relating
to certain regions of apparently lesser levels of activity but known to have been of some specific interest. For
these regions, the Active Region Index is not reported.

In addition, extensive remarks have been prepared for the plages and "families” of plages of Table 1. These
comments include frequent references to "CFI flares”, i.e., "major" flares for which Comprehensive Flare Indices
have been derived and published in UAG Special Reports Nos. 14, 52, and 80. The energetic particle events
referred to for 1964-1969 are based on data in the “Catalogue of Solar Particle Events, 1955-1969" edited by Z.
Svestka and P. Simon (D. Reidel, Dordrecht, 1975). For subsequent years, flare-associations with particle events
are based on data (1) for 1970~1972 in Technical Reports by Dodson and Hedeman to Air Force Geophysics Laboratory,
(2) for 1973-1974 in reports to The Johns Hopkins University/Applied Physics Laboratory, and (3) for 1975-1979 on
unreported studies by the authors. PCA events for 1979 are included in these remarks, even though we were not
able to indicate them on the evolutionary charts. It is hoped that the detailed information contained in these
extensive comments can provide useful information and guidance in the interpretation of possible relationships
between features of the evolutionary charts and time-related interplanetary or geophysical phenomena.
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TABLE 1

INFORMATION ABOUT REGIONS OF SPECIAL INTEREST, 1964-1979

ROT. L McMATH REGION

YEAR NO. (Dgg) PLAGE CMP LAT PROFILE ARIT

1964 1478 200 7182 Mar 11 NO4& 11000 2
An active region of old cvcle 19. PCA flare on March 16.

1965 1490 160 7661 Feb 04 NO9 10000 1

Last significant active center of old cycle 19. Continuation of activity
in same zone of active longitude, after lull during months of solar minimum
(April-December, 1964). Major PCA flare on February 5.

1494 195 7809 May 21 N23 11100 3

1494 175 7812 May 23 N24 10000 1

Development of first significant activity of new cycle 20, in same active

longitude zone of earlier old cycle activity. Two large, bright and flaring
plages at high latitude. Low energy proton flare on May 25, in region 7809.

1499 230 8012 Oct 02 S19 10000 1
1499 217 8005 Oct 03 N21 22210 7
Continued new cvcle activity in same longitude zone (with slight shift
westward on sun). Weak PCA flare on October 4 in southern region 8012.
02 203 8105 Dec 25  NIG 10200 3

gor new cvcle activity has rapidly reached low latitude of NIO°. Weak
proton flare on December 30 in regiom 8105.

1966 1503 235 8130 Jan 19 N29
1503 227 8131 Jan 19 N18 01300 4
1503 207 8132 Jan 21 N1l
1503 195 8133 Jan 22 N31

A "cluster” of bright and active new cycle plages at both high and low
latitudes in same active longitude zone as previous active regions. Proton
flares in region 8131 on January 17 and January 19.

1505 137 8207 Mar 22 N20 54313 16

4 great flaring region during entire transit across disk. Twelve major

CFI flazres between March 15-25. Energetic proton flares on March 17, 18, 19,

20, 21, 22, 24, 25 and 27. ©PCA flare on March 24. Region contains first
large, complex vy spot of new cycle.

1506 335 8223 Apr 03 N27 34421 14
First major region to appear in hitherto inactive longitude zone, on
opposite hemisphere of sun. Six major CFI flares between March 28-31. Weak




low energy proton flares on March 31 and April 1. Region contains large,
complex By spot.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1966 1509 213 8362 Jul 03 N33 23310 9

A flare-rich region at high latitude, in active longitude zone, with
rapidly growing large, complex By spot. Energetic flare with ground-level
cosmic ray event on July 7 (first GLE of new cycle). Also proton flare on
July 9 (near west limb) and proton events on July 14 and 16, attributed to
region 8362 on invisible hemisphere.

1510 198 8413 Jul 31 N35
Return of region 8362, still active. Energetic proton flare of import-
ance 3b on July 28.

1511 248 8454 Aug 24 NO8
A low latitude new cycle region. A Bp spot appears on disk on August 23,
grows rapidly, and becomes a very "stable” feature since it persists for 6
solar rotations (until January 1967).

1511 180 8461 Aug 29 N22 22312 10
A major active region, with large and complex, By spot, and growth of
added new plage since previous rotation. Nine major CFI flares between August
24 and Septewber 4.
Strong PCA-proton flares on August 28 and September 2. Proton flare at
west limb on September 4.

1967 1517 127 8687 Feb 13 N24

A major GLE on January 28, 1967 is spatially located about 60° beyond
west limb of sun, on invisible hemisphere, This coincides with the location
of new region 8687, which formed on the invisible hemisphere. A major flare
of importance 3b occurs in this region on February 13 (as small spots are
dying), producing PCA and protons.

1518 295 8704 Feb 27 N23 54442 19

1519 295 8740 Mar 27 N21 54330 15

Successive returns of a great flare-rich region in its second and third

rotations. Proton flares on February 27 and March 24 and March 27. Both

regions contain very large and complex spots, and each region produced 8 major
CFI flares, between February 22-March 4, and March 22-April 1.

1521 232 8818 May 25 N26 34451 17
A  great, active and flare-rich region with very large and
complex By-§ spot. Major flares on May 23 and May 28 produce strong PCA and




very energetic proton events, and subsequent. strong geomagnetic activity at
earth.

ROT. L McMATH REGION

YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1967 1523 100 8905 Jul 28 N27 45444 21
1524 90 8942 Aug 26 N22 34330 13

Successive returns of very large and flare-~rich regions that contain both
old and new plage which can be traced back to its original appearance in
rotation 1517. Both regions contain large and complex By spots. Although the
regions each produce many flares, relatively few of them are major CFI flares.

Proton flares occur in region 8905 on July 30, August 1, 2, 3 and 4, and
numerous electron events occur on July 28, 29, 30, 31 and August 2.

Low energv proton flares occur in region 8942 on August 18 and August 24.

1526 27 9034 Oct 24 N13 21300 6
1527 32 9073 Nov 19 N16 11300 5
1528 30 9115 Dec 17 N14 23322 12
1968 1529 30 9153 Jan 13 N20 11200 4

The second, third, fourth and fifth members of a long-lived family of
active plages, with successive returns at same location for about 8 solar
rotations. Represents a new outbreak at this longitude after a long interval
of quiescence (at corresponding longitudes) in the northern hemisphere.
Proton flares occur on October 26, 27, 29 and 30 in region 9034. No major
proton flares during disk passage of regions 9073 and 9115 in subsequent
rotations. Proton flare on January 14, 1968 in region 9153.

Low energy proton flux, however, is greatly enhanced during entire disk
passage of region 9073. The spot in region 9073 is large and complex (By-§).

1967 1527 245 9047 Nov 03 822 22100 5

Increased activity in southern hemisphere, in longitude =zone favored
during early onset of new cycle activity in northern hemisphere. Four major
CFl flares. PCA flares on November 2 and November 7. Other flares with
energetic protons on November 4, 10, and 1ll.

1529 245 9128 Dec 28 S21 11302 7

A resurgence of activity in southern hemisphere in midst of old plage

from active region 9047 (see preceding event). Flares with electron bursts on
December 28 and 29.

1968 1529 87 9145 Jan 09 S22 21300 6

Increased activity in southern hemisphere, on opposite side of sun from
location of previous active region 9128. Four major CFI flares occur in
region 9145. PCA flare on January 11 and other proton flares on January 1l
and 12. Spot is large and complex (By).




ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI

1968 1529 60 9146 Jan 11 N13 33410 11
Flare-rich region with complex By spot. Six major CFI flares. PCA flare
on January 12, and other proton flares on January 9, 15 and 17.

Low energy proton flux is enhanced during C. M. passage of regions 9145
and 9146.

1530 160 9184 Jan 31 N15 33543 18
Flare-rich region with very large By spot. Strong radiator at C¥ and M
wavelengths, and in X-rays. Four major CFI flares., PCA flare on February
8. Other proton flares on February 1, 2, 5 and 6. This major flaring region
does not produce any major geomagnetic activity at earth.

During the early part of 1968, increased solar activity has spread to all
longitude zones on the sun, 1in both the northern and the southern
hemispheres. Much of the increased flare activity was accompanied by proton
emission (mostly at low energies). The most significant events were associ-
ated with the following regions.

1535 245 9429 Jun 09 S12 12200 5

A major flare of importance 3b (CFI = 14) occurs in this region on June

9. The flare was accompanied by PCA (6.5 db), electrons (> 40 keV), and

strong proton emission (> 94 MeV), and was followed by a major geomagnetic

storm on June 10. Although plage and spot are not especially large, they lie

in a favored longitude zone (245°), HNew cycle solar activity in the southern
hemisphere has now reached low latitudes.

1536 155 9503 Jul 13 NI11 23430 12
A  resurgence of solar activity in the northern hemisphere, at
longitude ~ 160°. (See region 9184, above). Region 9503 is a very large and
very bright plage. The accompanying large and complex sunspot diminishes
rapidly in area after east limb passage. Four major CFI flares occur while
region is far to east (between E40 and E90°). A flare at the east limb on
July 6 was accompanied by PCA and very strong proton emission. Another major
flare, of importance 3b, CFI = 17, followed on July 8, also with PCA and
protons. Very strong proton emission was recorded with each of these flares
by the satellite Pioneer VII, for which the Earth-Sun angle was -77°., After
July 12 (near C. M. passage), major flaring in the region ceased.

1537 157 9567 Aug 09 N12 22320 9

Return of active region 9503. Very large and very bright plage. Large

and magnetically complex spot with & configuration. Flares on August 3, 6 and
14 accompanied by proton emission.

1537 32 9593 Aug 18 Sl4 23301 9
An important southern region, in a longitude zone previously dominated
(for almost a year) by active regions in the northern hemisphere. Four major




CFI flares on August 13, 18, 20 and 21. Flare with low energy proton emission
on August 21. :

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1968 1540 240 9735 Qct 23 N17 34311 12

A major northern region in a favored longitude zone for previous southern
hemisphere activity (see active regions 9429, 9128 and 9047). A very large
and verv bright plage, with large and magnetically complex spot. Four major
CFI flares on October 20, 21, 28 and 29. No “proton flares”, but probably a
low energv “particle stream” (sequential), related to the disk transit and
C.%.,P. of the regiom.

1340 175 9740 Oct 28 S15 44414 17

One of the few truly great regions of solar cycle 20, and the most im-
portant region of 1968. Very large and complex spot, with & configuration.
Strong emitter of x-rays, and of radio emission at meter wave—-lengths. Four—
+een CFI flares occur in the region between October 23 and November 4. Six of
these flares are importance 2, with CFI's of 10, 11, 12 and l4. A major flare
of importance 3b (CFI = 13) occurs on October 30, with PCA and strong proton
emission. Other PCA flares occur on November 1 and November 4. This great
region 9740 is the first active region in the southern hemisé%ere to appear in
the active longitude zone between 150°-180°, which heretofore has been domin-
ated by activity from regions in the northern hemisphere. Major geomagnetic
activity at earth between October 31 and November 4 can be associated with the
major flaring activity in region 9740.

1541 350 9760 Nov 11 N18 12301 7

A flare at the west limb in region 9760 (CFI = 10) on November 18 pro-

duced a significant ground level cosmic ray enhancement, PCA, and energetic

electron and proton emission. Although flaring regions have appeared off and

on between longitudes 330°-360° since the onset of solar cycle 20, this has

not been an especially active longitude zone (see other active region at this
longitude in April 1966).

1542 354 9802 Dec 08 N21
Region 9802 is a return of the "cosmic ray flare" region 9760 of the
previous rotation. It is not a major active region, and contains only rather
small o spots. A major CFIL flare of importance 3n (I > 9) occurs on December
2 when the region 1s near the east 1imb. The flare was accompanied by PCA,
and strong proton emission.

1542 105 9842 Dec 27 N19 22401 9

Six major CFI flares occur in this region between December 23 and Decem-

ber 29, mostly of importance 1, and with type II bursts in the dynamic spec—

trum. A flare of importance 2b on December 27 (CFI = 10) was accompanied by

moderate proton emission. Other low energy proton flares occurred on December
26, 28, 30, and January 3.




Although the longitude of ~ 100° has not been an especially active zone
during previous months in 1968, it will prove to be extremely ac¢tive through-
out most of 1969.

ROT. Lo McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ART
1969 1543 108 9879 Jan 23 N22

Region 9879 is a return of active region 9842 of the previous rotation
(see above). A flare of importance 3n occurred in the region on January 24
(CFI » 8). Although the plage continues to be large and bright, it contains
only a rather small and inconspicuous single spot. The 3n flare was accompan-
ied by PCA and energetic protons and electrons.

1544 60 9946 Feb 23 N16 24212 11
1545 75 9994 Mar 21 N18 35431 16
1546 75 10035 Apr 18 N17 34200 9
1548 85 10134 Jun 10 N17 23322 12

Region 9946 is an extremely large and very bright plage (some of which
formed on the disk during the previous rotation), containing a large 8-type
spot. Activity in this region and in its many successive "descendents” make
the longitude zone of 60°-110° a conspicuous feature throughout 1969.

Ten major CFI flares occur in region 9946 between February 20 and March
1, as the region transits the disk. Major flares on February 23, 24, 26 and
27 were accompanied by PCA and other energetic particle emission. A great

flare on February 25 (CFI = 13) also produced a major ground level cosmic ray
event.

Region 9946 returns in March as region 9994 - an extremely large and very
bright plage, containing a very large and complex spot with

a & configuration. The region is rich in x-rays, and is a strong emitter of
ten—cm. radio radiation. Eleven major CFI flares occur in 9994 as it transits
the disk between C.M. and west limb passage. Major flares on March 21 (CFI =
12 and 14) contribute to the production of PCA and other very energetic parti-
cle emission. A great "beyond the west limb" event on March 30 (seen as a
great eruptive prominence, and recorded on the Culgoora radioheliograph)
produced another large ground level cosmic ray event.

When the region returned again in April (as region 10035), it continued
to be active, although at a somewhat reduced level. While the plage remains
very large and bright, the spots are considerably reduced in size, and are no
longer complex. A major PCA event on April 11 (with very energetic protons
and electromns) is attributed to region 10035 when just beyond the east limb.
A great flare of importance 3b (CFI = 10) occurs in the region on April 21I.
No energetic particles are reported with this flare.

After an inactive transit in May, the region returns in June (as region
10134), having undergone a resurgence in spot development and major flare
activity., The plage is larger and brighter, and a large, complex spot has
developed in the region. Five major CFI flares occur between June 5 and June
11, while the region transits the eastern half of the disk. Two major flares
on June 5 (importance 2b, CFI = 14, and importance 3b, CFI = 11) are accompan-
ied only by low energy particle emission. A flare on June 7 produced moderate
PCA.




Although there continue to be plage "descendents™ in subsequent rota-
tions, major activity in the region essentially ceases after the transit of
region 10134.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1969 1545 275 93966 Mar 06 N13 23100 6
154 270 10014 Apr 03 N17 14440 13
1547 275 10057 Apr 30 N13 12200 5
1548 290 10108 May 26 N13 33101 8

On the opposite hemisphere of the sun, the solar longitude of ~ 270°
(which was an active longitude throughout 1968) continues to be a part of an
active zone (between 240°-280°) in which another "family™ of active regions is
comspicuous. Major activity in this family begins in region 9966, when it is-
in its third rotation. Five major CFI flares occur in the region between
¥arch 2 and March 13. A major flare on March 12 (CFI = 14), when the plage
was near the west limb, was accompanied by PCA.

The region returns in April, rich in x-rays and strong in ten cm. radio
radiation. The plage is very large and very bright and contains a very large
and magnetically complex spot, with a § configuration. No major flares or
energetic particle events are reported during the disk transit of region
10014. (There is an unidentified strong PCA event om April 11, but it is
attributed to an active region on the opposite hemisphere.)

The region returns again at the end of April (as regiom 10057), still
large and bright, but with its complex spot now greatly reduced in area. Two
major CF1 flares occur on April 26 (CFI = 12) and May 2 (CFI = 10). Moderate~-
ly energetic particle emission occurs with flares on May 2 and May 5, as the
region moves toward the west limb,

In May, the region returns again, as region 10109. Eight major CFI
flares occur, between May 17 and May 30, as the region transits the disk.
Several flares on May 28 and May 29 produce moderate proton emission., The
conspicuous activity of region 10109, however, is in the frequent electron
bursts that accompany small flares in the region, especially between May 28
and May 31, as the plage approaches the west limb. Rotation 1548 is the last
rotation in which any major activity occurs in any member of this "family" of
plages, although the "line of descent” continues for 3 more rotations.

1548 85 10135 Jun 10 S16 23422 13
1549 90 10181 Jul 07 Sié 22310 8
During the first half of 1969, major solar activity has been confined to
longitude zones located on opposite hemispheres, and to active regions in the
northern hemisphere. Region 10135 is the first major southern region to
appear, and it has developed after the active "family"” of northern plages (LO
= 60°=85°) has reached its maximum development. Region 10135 contains one of
the largest spots of solar cycle 20; it is the first large spot (mean area >
1500 millionths of the hemisphere) to appear in the southern hemisphere. The
spot is magnetically complex, with a § configuration. Although region 10135
is a strong producer of x-rays and radio radiation, almost no particle emis-
sion is reported with any of its flares.
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Region 10135 returns in the next rotation as active region 10181. The
plage continues to be very large and bright, and the spot is still large and
complex, though now diminished in area to half its previous size,

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1969 1552 130 10326 Sep 24 NI5

During July, August and September, 1969, there is a marked diminution in
major solar activity, interrupted by the occurrence of major flares on Septenm~
ber 25 and September 27. A flare of importance 3n occurs in region 10326 on
September 25 (CFI = 5). The region is in its third rotation, and is virtually

"spotless”. The flare produced moderate PCA, and other energetic particle
emission.

1552 86 10333 Sep 27 NOS 10200 3

On September 27, a flare of importance 3b (CFI = 12) occurs in region

10333. This region, in its third rotation, is a part of the continuing activ-

ity in the northern hemisphere in the favored longitude zone 60°~85°, Moder-
ate proton emission accompanied this major flare.

1553 65 10385 Oct 26 N12 23421 12
1554 75 10432 Nov 22 NIl 54421 16
1555 78 10477 Dec 19 N12 22000 4
1970 1557 90 10568 Feb 10 N16 34210 10

There is renewed major activity in the northern hemisphere in the active
longitude zone (60-80°) favoring the production of major flares and energetic
particle emission. Region 10385 is in its third rotation, and apparently
developed rapidly while on the invisible hemisphere. The plage is verv large
and bright and contains a very large and complex spot, with
a 6 configuration. A major flare at the west limb on November 2 (CFI = 11)
produced the strongest PCA event (14.5 db) since the onset of solar cycle 20.

Region 10432 is a return of region 10385, which must have continued its
development while on the invisible hemisphere, The plage continues to be
extremely large and bright, and the spot continues to be large and complex,
with a § configuration. Region 10432 was a strong producer of flares of
importance > 1, and was also rich in x-rays. Nine major CFI flares occurred
in the region between November 18 and November 27, as it transited the disk.
Many of these flares also were accompanied by energetic particle emission., A
flare of importance 2b on November 24 (CFI » 12) produced a moderate PCA
event.

The very active region 10432 returns as region 10477 - still a very large
plage, but lessened in intensity, and with spots now fragmented, much smaller
in area, and no longer complex.

Region 10568 exhibits the characteristic development of new plage that
frequently occurs in the midst of persistent old plage. There has been a
resurgence of activity at the favored active longitude of 60°~90°. Although
region 10568 is large and bright, contains a large spot, and is rich in x-
rays, it does not produce any major CFI flares, or any particle emission.
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ROT. L McMATH REGION

YEAR NO. (DES) PLAGE CMP LAT PROFILE ARL
1970 1557 290 10542 Jan 27 s20 22310 8
1558 295 10584 Feb 23 S15 22000 4

A resurgence of activity in the other active longitude zone of 1969 (LO
= ~ 270°), this time in the southern hemisphere. Region 10542, in its third
rotation, has developed a large 8_ -—tvpe spot which becomes magnetically com—
plex, with § configuration, between January 28 and January 30. Major CFI
flares on January 28 and January 31 are accompanied by strong proton emission,
and some PCA.

Region 10584 is a return of active region 10542. It is very large and
verv bright, but spots are greatly reduced in area and no major solar activity
occurs in the region.

~

1558 237 10595 Feb 27 N16 22300 7
1559 247 10641 Mar 25 N16 33110 8
1561 260 10743 May 18 N16 13420 10
1562 265 10781 Jun 14 N18 22301 8

Activity in region 10595 represents a major increase in activity in what
had been a persistently inactive zone on the sun for most of 1969. Six major
CFI flares occur in the region between February 21 and March 4, as the plage
transits the disk. Strong flares on March 1 and 4 (CFI's = 10 and 11) are
accompanied by low energy particle emission. PCA on March 6 is attributed to
a2 "behind the west limb" event, when bright surges, a spray, and loops are
observed at the location of region 10595 at the northwest limb. The region
returns as 10641 - a large and very bright plage, containing a scattering
of &-type spots. Six major CFI flares occur in 10641 between March 21 and
March 29, as the region traverses the disk. Flares with energetic particle
emission occur on March 21 (CFI = 5), March 25 (CFI =.11) and March 29 (CFI =
14). A small PCA event also is reported on March 29.

There is a resurgence of activity within this "family" of active regions
in rotations 1561 and 1562 when very large and magnetically complex spots
appear in the large and bright plages 10743 and 1078l. No major flares occur
in these regions, however.

1558 155 10607 Mar 05 NO8 24202 10

1559 160 10652 Apr 01 NO7 11100 3

Region 10607 is a major region which has developed in a previously

inactive longitude zone. Seven major CFI flares occur between February 27 and

March 2, as the region transits the disk. Four of these flares have CFI's =

11, 12, and 13. Major flares in the region on March 1 (CFI = 9, 11 and 13)

were accompanied by low energy particle emission. In the next rotation,

activity diminishes, the spot (though complex) is small, and there is no major
activity.

1558 82 10618 Mar 10 S15 22310 8

Region 10618 is a major plage in the southern hemisphere in the longitude

zone (60°-90°) which has favored the occurrence of important solar activity

and energetic particle emission since early in 1969. Flares accompanied by
energetic protons occur in the region on March 6 (CFI = 10), and March 7.
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Subsequent returns of this plage in later rotations do not produce any
major solar activity.

ROT. Lo McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1970 1559 3 10675 Apr 13 N16 23200 7
1560 6 10725 May 10 N15 13310 8
These regions - 10675 and its subsequent return as 10725 - represent an

increase in solar activity in a longitude zone (~ 0°) which has been inactive
for more than a year and a half, The "interruption" is temporary, however,
since activity subsides after two rotations. Three major CFI flares occur in
region 10675. One of these, on April 8 (CFI = 8) was accompanied by low
energy particle emission.

1559 60 10670 Apr 09 N11 11221 7
1559 55 10669 Apr 09 S15 13421 11

These are regions north and south that are almost co-longitudinal, and
are in the "favored" active longitude zome of 60°-90°. A major flare (CFI =
14) occurs in region 10670 near the west limb on April 15, accompanied by
energetic particle emission and a weak PCA event. Region 10669, in the south-
ern hemisphere, is a large and very bright plage, with a large and complex
spot. Minor flares in region 10669 on April 6 and April 7 are accompanied by
moderate proton events.

1561 128 10760 May 28 S09 23200 7
1562 135 10798 Jun 23 508
Region 10760 is one of the few regions in the southern hemisphere in
which any major activity has occurred thus far in 1970. The "ancestor™ of
10760 (in rotation 1560) developed in the midst of old plage descended from
active region 10618 (see rotation 1558, above). Flares with energetic protons
occurred on May 30 (CFI = 7) and June 2 at the west limb (CFI = 10). Low
energy proton events on June 5 are attributed to "beyond the west limb" activ-—
ity in 10760 on the invisible hemisphere. A moderate PCA event accompanied
the flare of May 30.
Region 10798 is a return of active region 10760. On June 25, a flare of
importance 2n occurs in region 10798, which is "spotless” on that day. This
flare was accompanied by energetic particle emission, and weak PCA.

1561 215 10789 Jun 17 N19 45410 14

During the latter half of 1970, major solar activity in the northern
hemisphere now spreads to important solar plages located at all longitudes on
the sun. Region 10789 has developed in a previously inactive longitude
zone. The region is rich in the production of flares and x-rays, and contains
a very large and complex spot. The plage is very bright. Ten major CFI
flares occur in the region between June 13 and June 17, as the region tra-
verses the eastern half of the disk. A major flare on June 14 (CFI = 11) was
accompanied by energetic protons. A gradual rise and fall in low energy
proton flux (between June 12 and June 26) is attributed to the disk transit of
region 10789.
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ROT. L McMATH REGION

YEAR NO. (DE8) PLAGE CMP LAT PROFILE ARI
1970 1562 95 10801 Jun 27 N12 11100 3
1563 95 10845 Jul 24 N12 24312 12
1564 97 10882 Aug 20 N10O 12200 5

A new resurgence of activity at the "favored" longitude of ~ 90° begins
in the northern hemisphere with the development of this "family” of plages.
Region 10845 is large and very bright, and contains a large and complex spot
with a & configuration. Eleven major CFIL flares occur in the region, between
July 19 and July 27, as the region traverses the disk. Many of these flares
have CFI's » 10. Major flares on July 20, 21, 23 and 27 are accompanied by
energetic particle emission. A flare on July 23 (CFI = 12) produced a moder-
ate PCA event.

When the plage returns in rotation 1564, as region 10882, plage and spot
are diminished in area, but the spot is still complex. After east limb pass-—
age on August 13, the spot decreases rapidly in area. A bright limb flare,
with coronal loops (CFI = 14) occurs on August 12, when the region is just
beyond the NE 1limb. This flare was accompanied by very energetic proton
emission.

A msjor flare on August 14 (CFI = 12), when the region is at E74°, is
also accompanied by energetic particle emission, and moderate PCA. [Note =
almost simultaneously, a major flare (CFI = 11) occurs in active region 10865
near the west limb (see below), so the source of the particle emission may be
moot . ]

1562 40 10808 Jul 01 N24 23310 9
A large, bright plage containing a moderately large and complex spot with
a & configuration, Seven major CFI flares occur in the region, between June

28 and July 7. Flares accompanied by energetic particle emission occurred on
June 28, July 1, 2, 6, 7 and 8,

1564 235 10865 Aug 09 N18 1431~ > 9
1565 238 10918 Sep 05 N18 12412 10
1567 250 11002 Oct 29 N18 33311 11

Region 10865 represents a resurgence of activity in old plage descended
from active region 10789 (see rotatiom 1562, above). The bright plage con-
tains a magnetically complex spot which grows on the disk, increasing rapidly
in area on and after August 13. CFI flares occur in the region on August 10,
12, 14 and 16. A major CFI flare on August 14 (CFI - 12) occurs simultaneous-
ly with a major flare in region 10882. These synchronous flares were widely
separated on the solar disk (W75 and E74). Energetic particle emission and
PCA were reported.

Region 10918 1is a return of region 10865. The plage has more than
doubled in size, and the complex spot is now quite large, with a § configura-
tion. Relatively few major flares occur in the region. A CFI flare on Sep-
tember 8 (I = 11) produced a low energy particle event. After diminishing in
form and activity in rotation 1566, there is a resurgence of activity and new
growth in the plage. As plage 11002, the region is large and bright and con-
tains a large and complex spot with a § configuration. Four major CFI flares
occur in the region, between October 26 and November 4. Flares producing
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proton emission (mostly low energy) occur on October 25, 27, 28 and November
1. In subsequent rotations, the plage is fragmented and greatly diminished.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ART
1970 1567 130 11019 Nov 07 S12
A flare of importance 3b occurred in region 11019 on November 5. This
major flare (CFI = 14) was accompanied by very energetic particle emission,

and PCA. Although the plage was large and bright, it contained only 2 or 3

very small g-type spots. The important flare was related to a major "disap-
pearing filament" in the region.

1567 35 11029 Nov 14 N15 24423 15
1568 42 11073 Dec 11 N15 22300 7
This large and very bright plage contains the largest sunspot to be
observed in 1970 (max. area = 2510 millionths of the hemisphere). The spot is
magnetically complex, with a § configuration. Ten major CFI flares occur in
the region, between November 11 and November 17. Major flares on November 15,
16 and 17 were acccmpanied only by very low energy particle events. Region
11029 was rich in the production of x-rays and was a strong "radio—emitter”,
especially at meter wavelengths. .
The plage returns in rotation 1568 as region 11073, still large and
bright, but the complex spot is now reduced in area. A major flare on

December 11 (CFI = 10) is accompanied by energetic proton emission and weak
PCA.
1568 343 11035 Nov 18 NO9 22311 9
1569 355 11077 Dec 14 N10 22300 7

Region 11035 is a large, bright plage containing an average—-size complex
spot with a & configuration. Four CFI flares occur in the region, between
November 12 and November 23. Flares on November 21 and 23 produce energetic
particle emission.

In the next rotation, the plage returns as active region 11077. The
plage remains large and bright, the spot complex. Seven major CFI flares
occur between December 8 and December 13, as the region traverses the eastern
part of the disk. Major flares on December 12 and December 13 (CFI = 11 and
8) are accompanied by energetic particle emission.

1569 284 11084 Dec 20 N18 11201 5

A revival of activity in the northern hemisphere at this longitude., The
plage is large and bright, and contains two moderately large g_-—type spots.
No major flares are reported during the transit of the region. A" surprisingly
strong particle event, with weak PCA occurs on December 24. The electron
burst is preceded by a flare of importance Sn in region 11084.

NOTE - A moderate and brief geomagnetic disturbance on December 24 (dura-
tion only about 6 hours) marks the onset of the first major storm sequence of
solar cycle 20. Was there a coronal hole located near region 110847

Solar activity diminished markedly in 1971. There are many plages,
located at all solar longitudes, but relatively few of them are active - in
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the production of major flares, x-rays, or radio or particle emission. No
flares of importance 3 occurred during 1971. An outstanding feature of the
vear is the occurrence of the first geomagnetic storm sequence. Some of the

most important regions are discussed below.

ROT. L, McHMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ART
1971 1569 5 11111 Jan 10 S04 11312 8
1570 9 11145 Feb 06 S05

Region 11111 contains a large R —type spot. It was a strong emitter of
meter wavelength radio radiation., Two flares in the region on January 13 and
14 produced moderate proton emission. Region 11145 is a return of region
11111. It is diminished in area and contains only a small o_ spot. Three
flares on February 3, 5 and 6 are accompanied by low energy proton emission.

‘ 1570 225 11128 Jan 21 N20 12312 9

Region 11128 is a large bright plage containing a large B —-type spot.
Three major CFI flares occur in the region on January 16, 21 and 24. The
major flare on January 24 (CFI = 13) was accompanied by very strong particle
emission and a major ground level cosmic ray event.

1572 30 11221 Mar 31 S17 12100 4

Region 11221 is a rather small, but very bright plage. It contains a

spot of moderate size which is magnetically complex, with a § configuratiom.

Two major CFI flares occur in the region. The flare on April 1 (CFI = 8) is

accozpanied by energetic particle emission and a weak PCA event. The flare on
April 6 (CFI > 6) produced strong proton events and moderate PCA.

1573 157 11256 Apr 18 N21 12011 5

Region 11256 is a bright plage, containing only a relatively small g-type

spot. Four major CFI flares occur in the region (on April 20 and 21), but the

indices are < 10. Minor flares on April 21, 22, and 23 produce energetic
proton emission.

1574 270 11294  May 07 N14 12221 8

Region 11294 is a very bright plage containing a large and complex spot

with a § configuration. Three major CFI flares occur in the region on May 3,

12 and 13. The flare of May 3 (CFI = 9) produces a low energy proton event,

Flares on May 12 and 13 (CFI = 8 and 9) occur when the region is near the west

limb and are accompanied by strong particle emission. A strong proton and PCA

event on May 16 is attributed to region 11294 on the invisible hemisphere,
beyond the west limb.

1576 295 11393 Jun 28 N16
In this small bright region, four major CFI flares occurred on June 29
and 30. Flares on June 29 (CFI = 8 and 9) were accompanied by energetic

particle emission. :
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ROT. Ly McMATH REGION

YEAR NO. (DEG) PLAGE CMP LAT PROFILE ART
1971 1578 270 11482 Aug 24 Si2 23432 14
1579 275 11516 Sep 20 813 12100 4

Region 11482 is the first truly major region to appear on the disk since
the passage of region 11128 in January (see rotation 1570). The plage of
11482 is large and very bright. It contains a very large spot (the largest
spot of 1971), which is magnetically complex, with a § configuration. The
region does not produce any major CFI flares, but it is rich in x-rays and is
a strong emitter of radio radiation, especially at centimeter wavelengths. A
gradual rise, with the onset of a long interval of increased proton flux (at
low energies) 1is associated with the transit of region 11482 across the
disk. A major solar event occurred on September 1 accompanied by very ener-
getic particle emission, PCA, and a strong ground level cosmic ray event.
Although no flare was t eported, an active bright prominence was observed at
the NW limb, concomitantly with type II and type IV bursts in the dynamic
spectrum. The event is presumed to have had its origin in region 11482, on
the invisible hemisphere, about two days beyond the west limb.

Region 11482 returns as region 11516, still a large and bright plage,
with a complex spot now greatly reduced in area. Five major CFI flares occur
in region 11516, between September 12 and 17, as the region traverses the
eastern part of the disk. Flares on September 15 and 18 are accompanied by
low energy proton events.

1579 80 11537 Oct 04 N1l
A renewal of activity in the northern hemisphere at this longitude. (In
later rotations, active regions will also appear in the southern hemisphere at
this longitude.) A major flare in region 11537 on October 3 (CFI = 12)
produced very energetic protons and a small PCA event.

1581 90 11619 Nov 27 S13 11110 4
1582 90 11657 Dec 24 S13 11000 2

Region 11619 is a large and very bright plage which has developed in the
southern hemisphere, co-longitudinally with the descendents of region 11537
(see above). A moderately large spot of magnetic complexity, with a § config-
uration, is located in the region. Two major CFI flares occur on November 23
(CFI = 10) and December 2 (CFI = 9). These flares were accompanied by moder-
ate particle emission.

When the region returns in the next rotation, as 11657, the plage contin-
ues to be large and bright, but the spot is greatly reduced in area, and is no
longer complex. A major flare on December 29 (CFI = 10), when the region is
near the west limb, probably is associated with a low energy proton event.

During 1972 there is a noticeable "thinning out™ of the plages, especial-
ly in the northern hemisphere. There are now zones on the sun which are
completely free of plages for several rotations. Some of the most important
regions - associated with the more energetic events - are discussed below.

1972 1583 110 11693 Jan 20 S15 22310 8
1584 110 11734 Feb 16 S17 23000 5
Region 11693 is a large and very bright plage, with a large and complex
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spot with a § configuration, Seven major CFI flares are reported in the
region between January 13 and 23. A flare on January 19 produced energetic
particles and PCA. Ian the next rotation, the plage returns as region 11734,
The region continues to be large and bright, but the spot is much smaller and
has lost its complexity. Four major CFI flares occur in the region between
February 10 and 14. Flares on February 11 (CFI = 6) and February 13 (CFI =
10) are accompanied by moderate proton events.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI
1972 1584 20 11748 Feb 28 N10 14330 11

Region 11748 has developed in a longitude =zone that has been relatively
free of major activity since March of 1971. The plage is large and extremely
bright and contains a large and complex spot, with a § configuration. The
region is especially rich in x~rays, and is a strong emitter of radio waves at
centimeter wavelengths. Eight major CFI flares occur between February 16 and
23, as the region traverses the eastern part of the disk. A major flare on
February 22 (CFI = 13) was accompanied by energetic particle emission.

1585 192 11769 Mar 08 S08 13313 11
1586 194 11799 Apr 04 sS08
In its third rotation, region 11769 is a large and very bright plage,
containing a large and complex spot. Six major CFI flares occurred in the
region on March 5, 6 and 7. Flares on March 5 and 6 (CFI = 9 and 10) produced
moderate PCA.
Region 11799 1is a return of active region 11769. The plage is still
large and bright, but the spots are small and fragmented. A flare in the
region on April 10 (CFI = 6) was accompanied by low energy protons.

1588 300 11883 May 20 Sl4 12422 11~

1589 . 300 11926 Jun 16 513 12210 6

Region 11883 is a very bright plage in the southern hemisphere, in a
longitude zone that has been devoid of major regions since the appearance of
the major region 11482 of August 1971 (see rotatiom 1578). Region 11883
contains a very large and complex spot, with a § configuration. The region
returns in the next rotation as plage 11926, still large and bright, but with
its complex spot considerably reduced in size. Major CFI flares on June 12
and 15 (CFI = 10 and 8) are accompanied by energetic proton emission. Another

major flare on June 15 (CFI = 8) - a "spotless” flare related to a great
filament eruption in the neighborhood of region 11926 - also produced a small
PCA event,
1588 167 11895 May 30 NOS 22311 9
1589 170 11933 Jun 26 NO8 12000 3

Active region 11895 has developed in a longitude 2zone which has been
inactive for more than a year. The plage is extremely bright, and contains a
large, complex spot with a § configuration. Four major CFI flares occur in
the region between May 24 and June 6. A major flare on May 28 (CFI = 14) was
accompanied by very energetic particle emission, and PCA. Another proton
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flare occurred on June 3 (CFI = 10) and a major proton event, with PCA, on
June 8 is attributed to region 11895 as a "beyond the west 1limb" event.

Region 11933 is a return of active region 11895. The plage is still
large and bright but the spot 1is small and no longer is complex. Five major
CFI flares occur in region 11933 between June 20 and 25.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ART
1972 1588 87 11911 Jun 06 S12 13320 9

Region 11911 is a large and very bright plage in its third rotation. It
contains a large and complex spot with a § configuration. A minor flare in
the region on June 8 produced an energetic proton event.,

1590 14 11976 Aug 04 N13 23432 14

Region 11976 1is one of the truly great regions of solar cycle 20. A
large and very bright plage, it contains a very large and complex spot with
a § configuration. The region is a strong radiator at both centimeter and
meter wavelengths. Ten major CFI flares occur between August 2 and 11, as the
region traverses the disk, some with CFI's as great as 12, 13, 15, and 17.
The only flares of importance 3 reported in 1972 occur in region 11976 on
August 4 (CFI = 17) and August 7 (CFI = 15). These flares produced very
energetic particle emission and strong PCA. A ground level cosmic ray event
also occurred on August 4, Other major flares in the region were also produc-
ers of strong particle emission. Proton events on July 22 and 24 are attribu-
ted to activity in 11976 while on the invisible hemisphere (when it must have
been undergoing rapid development) before east limb passage. The greatest
geomagnetic storms of the year .occur as a result of the great flares in 11976,

1594 310 A 12094 - Oet 30 S13 34431 15
Region 12094, in the southern hemisphere, is a region with a high active -
region index because of its components. It is rich in the production of x-

rays, and is a strong emitter of centimeter wavelength radio radiation. The
plage is large and extremely bright and contains a very large spot (the second
largest spot of solar cycle 20) of magnetic complexity and & configuration.
'Only two major CFI flares were reported in the region, however, on QOctober 27
and 29 (CFI = 3 and 7). Flares of importance 1, with low energy protons,
occurred on October 25 and 29. The major flare of October 29 (CFI = 7) was
accompanied by more energetic particle emission and moderate PCA. Numerous
electron bursts accompanied many of the lesser flares in the region. Major

geomagnetic storminess occurred between October 29 and November 2.

1595 359 12115 Nov 22 S09 12000 3

This small bright plage in its third rotation, containing only a

small B -type spot, nevertheless produced energetic particle emission with the
occurrefice of three major CFI flares on November 24, 25 and 28.




ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ARI

1972 1585 105 12136 Dec 12 N12

with the appearance of this small bright plage at longitude 105°, activi-
ty in the northern hemisphere has shifted to a longitude zone which has been
inactive for more than a vear. Three major CFI flares occur in the region on
December 8, 10 and 16. The flare of December 16 (CFI = 10) was accompanied by
noderate proton emission.

1973 1596 140 12160 Jan 05 NO7 11000 2
116 12164 Jan 07 N15 11000 2
Throughout much of 1973, activity in the northern hemisphere is dominated
by active regions forming and developing in the longitude zome 110°-150°.
Region 12160 develops in this zone in rotation 1596, near the location of
region 12164, which is the return of active region 12136 of the previous
rotation. Two major CFI flares on January 9 (CFI = 3) and January 11 (CFI =
10) are accompanied by electron bursts. A low energy proton event on January
12 is attributed to regiom 12160 at the west limb.

1598 138 12246 Mar 01 NO8 12100 4

Another resurgence of activity in the same longitude zone occurs with the

development of region 12246, in the midst of old plage descended from region

12164, Region 12246 is very bright. Three major CFI flares occur on February

28 and March 1. The flare on March 1 (CFI = 8) also produced a low energy
proton event.

1599 85 12293 Apr 02 S04 01310 5

1600 85 12323 Apr 29 S06 01110 3

Region 12293 is a large and extremely bright plage that has appeared in

the southern hemisphere in a longitude zomne which has been inactive for about

8 solar rotations. The region contains a large and complex spot. The plage

returns as region 12323, still large and very bright. The spot is reduced in

area, but remains complex with a § configuration. No major flares, or strong

particle emission, are reported in these regions during their disk transits.

With the gradual fading of this family of plages, a broad zone in the southern

hemisphere, completely devoid of plages, opens up between longitudes ~ 60°-
120°.

1600 325 12306 Apr 11 S09 13112 8

1601 333 12336 May 07 S12 13320 9

Region 12306 is an extremely bright plage and is a strong producer of x-
rayss Three major CFI flares occur in the region on April 10 (CFI = 9) and

April 11. The flare on April 11 (CFI = 10) is accompanied by a strong proton
event. Region 12306 returns in the next rotation as region 12336. The plage
i's large and continues to be extremely bright. There is a moderately large
and complex spot with a ¢ configuration in this region. The region continues
to be a strong emitter of x-rays. Four major CFI flres occur in the region on
May 1, 3 and 5. The flares of May 3 (CFI = 15) and May 5 (CFI = 10) may have
produced only very minor low energy proton events.
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With the decline in activity in this family of plages, a longitude =zone
between ~ 300°-360° in the southern hemisphere becomes almost completely
devoid of plages for the remainder of the year.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT PROFILE ART
1973 1600 152 12322 Apr 24 N12 13301 8
1601 150 12352 May 21 N12 22122 9
1602 148 12387 Jun 17 N15 11100 3

Region 12322 represents a major resurgence of activity in old plege
related to active region 12246 (see rotation 1598, above). Region 12322 is a
very bright plage, rich in the production of x-rays and low energy particle
emission. It contains a large and complex spot with a § configuration.
Eleven major CFI flares occur in the region between April 22 and May 1, many
of these flares producing electron and proton events. A major flare of im-
portance 2b on April 29 (CFI = 15) was accompanied by very energetic particle
emission, PCA, and a ground level cosmic ray event,

Region 12352 is a return of active region 12322. The plage continues to
be large and very bright., The spot is reduced in area, but remains complex
with a & configuration. Four major CFI flares occur in the region on May 17,
18 and 19. The flares of May 18 (CFI = 7) and May 19 (CFI = 13) are accompan-
ied by proton events.

In the next rotation, the plage returns as region 12387. The plage is
reduced in area, but remains bright. An east limb flare on June 10 is accom-
panied by energetic particle emission.

1603 273 12417 Jul 05 N13 12210 6
1604 275 12461 Aug 01 N12
The development of region 12417 represents a renewal of activity in this
longitude zonme, in the northern hemisphere, after a quiet interval of more
than a year. The plage is large and very bright, and contains a large 8 _~-tvpe
spot. No major activity occurs in the region during its transit acrods the
disk. In the next rotation, the plage returns as region 12461, diminished in
area and intensity, and almost spotless. The only flare of importance 3
reported in 1973 occurred in this “"spotless"” plage on July 29, IMP. 3b (CFI =
11). The flare was related to a major "disappearing filament” in the region
and was accompanied by moderate particle emission.

1605 200 12507 Sep 04 S15 01211 5
1606 197 12540 Oct Ol Sl4
1607 197 12584 Oct 28 S13 11211 6

A resurgence of activity at this longitude in the southern hemisphere.
Region 12507 is a large and extremely bright plage containing a large 8 -tyvpe
spot. A major CFI flare on September 7 (CFI = 12) produced strong proton
emission and PCA. In rotation 1606, the plage returns as region 12540. it is
diminished in area but continues to be a bright plage. CFI flares on QOctober
4, 5 and 6 are related to type II bursts in the dynamic spectrum, electron
bursts, and moderate particle emission. In rotation 1607, the plage returns
with renewed vigor, as region 12584. The plage is very bright and contains a
large Bp—type spot. Major CFI flares occur on October 30, November 1 and
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November 3. The major flare of November 3 (CFI = 11) is accompanied by
energetic particle emission.

ROT. Lo McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ARL
1974 1613 180 12848 Apr 11 S12 24310 10
1614 187 12906 May 8 S12 22011 6
1615 192 12972 Jun 4 S13

In 1974, major solar activity is confined primarily to the southern
hemisphere, the longitude zone 150°-200° continuing to be the most active.
Two families of plages develop within this longitude zone, beginning with
region 12848 in rotation 1613. Region 12848 is a large and very bright plage,
and contains a large and complex 8y spot with a ¢ configuration. Although it
is the source of numerous flares, and is a strong producer of x-rays, the
region is devoid of any energetic particle emission. The plage returns in
rotation 1614 as region 12906, extremely large in area, and still very bright,
although the spot is now greatly reduced in size and no longer is complex.
Two major CFI flares occur in region 12906 on May 1 (at E75°, dimportance 2b,
CFI = 6), and on May 13 (at W65°, importance 2n, CFL = 7). The flare on May
13 occurs when the region is "spotless” (the spot, which has been diminishing
in area during disk tranmsit, has disappeared by May 12). Nevertheless, this
flare is accompanied by the ejection of electrons, and by low energy particle
emission.

In rotation 1615, the plage returns as region 12972, now greatly reduced
in area and intensity. A scattering of small o spots in the region have all
disappeared by June 6. On June 8, a major flare event occurs in this spotless
region, consisting of "parallel ribboms of bright plage along both sides of an
active filament” becoming an eruptive prominence and bright surge at the
limb. The event is reported as an "unconfirmed” flare.of importance 3, and is
accompanied by electron and strong proton emission, and PCA.

1615 165 12977 Jun 6 Sl4 12001 4
1616 157 13043 Jul 4 Si4 35311 13
Region 12977 develops near (and following) the location of old region
12972 (see above). 1In rotation 1616, it returns as active region 13043, the
most active region of 1974, and one of the great regioms of solar cycle 20.
Region 13043 is a large and very bright plage, a great flare producer, and
extremely rich in x-rays. The plage contains a large and complex By spot,
with a ¢ configuration. 1In its transit across the disk, 27 major CFI flares
occur in region 13043, between June 30 and July 9, Nine of these flares have
CFI's » 10 and are accompanied by major electron and proton emission. Great
flares on July 3, 4 and 5 (CFI = 1l4), also produced PCA. (Flares on July 3
and 4 were observed in white light). Major geomagnetic disturbance occurred
on July 4, 5 and 6. Although the region returns in three subsequent rota-
tions, it is greatly reduced in area and intensity, and is no longer active.

1616 347 13002 Jun 19 S16
A major flare of importance 3n occurs in region 13002 on June 23,
A Bp spot of modest size has been diminishing rapidly in area since CM passage
and by June 22 is < 50 millionths of the hemisphere. Flares in the region on
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June 19 and 21 are accompanied by the emission of low energy protons and are
characterized by filament activation. The flare of importance 3 on June 23 is
essentially a "spotless” flare (by June 24, the spot has disappeared), CFI =
7, with low energy particle emission.

ROT. Lo McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ARI
1974 1619 263 13225 Sep 15 NO7 22321 10
1620 270 13280 Oct 12 N1O 23331 12
1621 278 13324 Nov 7 NO9 11000 2

After a quiet interval of more than a year, the only activity in the
northern hemisphere during 1974 begins with the development of active region
13225 4in rotation 1619 in September. Region 13225 1is an extremely bright
plage, and contains a large and complex vy spot with a ¢ configuration. Nine
major CFI flares occur in the region between September 10 and 23, as the plage
transits the solar disk. There is a general increase in low energy particle
flux during the disk passage of the region. Strong proton emission occurs
with major flares on September 10 (CFI = 14), September 13 (CFI = 12), Septem-—
ber 19 (CFI = 12) and September 23 (CFI = 12). PCA is reported following the
flares of September 10, 13 and 19,

In rotatiom 1620, region 13225 returns as active region 13280 - very
large and very bright, with the spot still large and complex and with g con-
figuration. Seven major CFI flares occur in region 13280 between October 5
and 12, as the region traverses the eastern portion of the disk. Enhanced low
energy particle flux continues. Two flares on October 11 (CFI = 10) are
accompanied by the ejection of electrons and protons.

When the plage returns again in rotation 1621, as region 13324, it is
greatly reduced in area and intensity, and the spots are small and fragment-
ed. A rise and fall in low energy particle flux is still noticeable, during
the disk transit of the region. The plage is very active as it approaches
east limb passage on October 31, when an "eruptive prominence event” may have
been responsible for energetic particle emission on that day. The plage
becomes spotless after November 9, and although it returns for two more rota-—
tions, it has dwindled into inactivity.

1620 25 13310 Oct 31 S07 11000 2
A major "spotless” flare (CFI = 11) occurs in region 13310 on November 5
(at W78°). Electrons, protons > 60 MeV, and PCA are reported with this flare.

1621 245 13339 Nov 10 N38
The first high-latitude new cycle spot of cycle 21 is observed in region
13339, which forms on the disk, near the west limb, on November 16.

1975 1631 308 13786 Aug 5 NO6 12321 9
During 1975, solar activity is greatly diminished. Broad latitude zones
in both the northern and southern hemispheres have become inactive. Plages
are smaller, their latitudes closer to the equator, and spots are fewer in
number. An occasional new cycle spot is observed at high latitude, but is
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seen for only one or two days. An upsurge in old cycle activity occurs after
mid-vear in the northern hemisphere.

In rotation 1631, region 13786 is a large and very bright plage in its
third rotation. It contains a moderately large and complex spot with a ¢ con-
figuration. Two major CFI flares occur in the region. Enhanced low energy
particle flux is observed during the disk transit of the region. A flare on
August 3 (CFI = 9), produces more energetic proton emission.

ROT, L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ARI

1975 1631 260 13790 Aug 9 NO9 12331 10

Region 13790 is a "twin" to active region 13786 in area, brightness, and
flare and =x-ray production. It contains a large R _~type spot which occas-
sionally becomes complex, and also may contribute to the long interval of
enhanced low energy flux noted above. Two CFI flares occur in region 13790 on
August 3 when the region is very close to the east limb, and may contribute to
the energetic particle emission mentioned above.

1631 168 13811 Aug 16 N28 12000 3

Region 13811 is the first new cycle (cycle 21) region to show any signif-

icant major activity. The region forms on the disk in the west on August

19. The plage is small, but bright, and contains a small 8_ spot. Eight CFI

flares occur on August 21 and 22, as the region approaches the west limb. Two

of these flares have CFI's of 11, and are accompanied by highly energetic
proton emission.

1635 343 13937 Nov 20 S07 11222 8

Region 13937 is the only "active" region that has appeared in the south-

ern hemisphere throughout 1975. Indeed, the southern hemisphere has been

relatively "quiet" for over a year and a half. The plage of 13937 is of

modest size, but is very bright, and contains a complex 8 _ spot with a ¢ con-

figuration. Eight CFI flares occur in the region betweenPNovember 14 and 21,

as the region transits the eastern portion of the solar disk. An increase in

low energy particle flux is observed during disk transit. A flare on November
21 (CFI = 10) produces highly energetic proton emission.

1976 1636 284 14029 Jan 18 S12 12110 5
Although 1976 is the year of solar minimum between old cycle 20 and new
cycle 21, there are still occasions when outbreaks of solar activity occur.
Region 14029 is the last significant old cycle region to develop in the
southern hemisphere in the longitude zone between 240°-330°. The plage is
very bright, and contains a complex spot of modest size. Two major CFI flares
occur in the region, on January 12 and 17.

1976 1639 198 14127 Mar 19 NO5 03211 7
1640 205 14161 Apr 15 NO5 01110 3

1641 214 14203 May 11 NO3 01100 2

Regions 14127, 14161 and 14203 form a "family"” of old cycle plages in the
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northern hemisphere at a longitude that has been devoid of any major activity
for more than a year. There appears to be enhanced low energy particle flux
coincident with the disk transit of regionm 14161. A CFI flare in this region
on April 20 (at W77°, CFI = 6) is associated with low energy proton emission.

ROT. L, McMATH REGION

YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ARI

1976 1639 38 14143 Mar 31 s07 14322 12
1640 46 14179 Apr 27 S08 02100 3

The greatest activity of the year 1976 occurred in the two southern
regions 14143 and 14179, in a longitude zone which has been free of any major
activity for many months. Region 14143 is in its second rotation, having
formed on the disk in the west during the previous rotation. The plage of
14143 is very bright, and contains a large and complex spot. During its disk
transit, there is a noticeable enhancement of low energy particle flux. Eight
major CFI flares occur in region 14143, between March 23 and 31. Major flares
on March 23 (at E90°, CFI = 12), March 25 (CFI = 9) and March 28 (CFI = 10)
are accompanied by strong proton emission.

The plage returns in rotation 1640 as region 14179, now diminished in
area and intensity, but still active. Although the spot 1s smaller in size,
it remains geomagnetically complex. Four major CFI flares occur in region
14179 on April 29, 30, and May 1. A major flare on April 30 (at W45°, CFI =
11) was accompanied by highly energetic particle emission, as well as a ground
level cosmic ray event.

1644 127 14352 Aug 8 N19 01212 6

1645 123 14395 Sep 4 N21 01001 2

During the second half of the year 1976, new cycle regions predominated

over the occurrence of old cycle regions. They now occur at all longitudes

and at latitudes ranging from the teens up to 35°. Region 14352 is the first

member of a new cycle "family” of plages that persists for 4 solar rota-

tions. Region 14352 is a very bright plage, containing a complex By spot of

moderate size. In rotation 1645, the plage returns as region 14395. The spot

is now much smaller and only of type a. A major CFI flare occurs in region
14395 on September 6 (CFI = 6), accompanied by low energy particle emission.

1644 18 14366 Aug 16 SG3
Region 14366 is an old cycle plage that forms on the disk near the cen-
tral meridian on August 15. A major CFI flare occurs on August 22 (CFI = 8),
when the region is at the west limb. This flare produced a major electron
burst, and very energetic proton emission.

1648 147 14528 Nov 23 N12
The new cycle (cycle 21) has developed rapidly during the second half of
1976. By rotation 1648, the outbreak of new cycle plages has occurred at a
latitude as low as 12°.
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ROT. L McMATH REGION

0

YEAR NO., (DEG) PLAGE CMP LAT. PROFILE ARI

1977 1650 206 14607 Jan 12 527 01011 3
1651 165 14637 Feb 12 S42 02111 5
1653 22 14726 Apr 18 S22 13110 6

Although the new cycle is advancing, during the first part of 1977 there
are still broad longitude zones in both northern and southern hemispheres
which remain free of spots and plages, and the most important so—called "ac-
tive" regions are located in the southern hemisphere. These regions are
listed here. The most significant plage is region 14726 which shows a major
increase in flare activity and the production of x-rays. The plage is of
moderate size, but is very bright and contains a small complex y spot. Three
nmajor CFI flares occurred in region 14726 on April 12 (at E82°, CFI = 9),
April 16 (CFI = 5), and April 21 (CFI = 2). The flare on April 16 was accom—
panied by a low energy proton event.

1656 200 14815 Jun 25 §523 12110 5
By the middle of 1977, solar activity undergoes a marked increase, with
more active regions appearing at previously inactive longitudes.
Region 14815 is very bright and is in its second rotation, having formed
on the disk previously in May. The region contains a small 3 spot (which
occasionally becomes complex), with a ¢ configuration.

1656 145 14822 Jun 30 Nlé 13331 11
Region 14822 is the first major region to appear in the northern hemis-
phere since August 1976. The plage is very bright and contains a large and
comzlex spot. This spot is the first truly large spot of the new cycle (max.
area > 1000 millionths of the hemisphere). The plage is a strong x—ray produ-
cer, and a strong emitter of centimeter radiation. No major CFI flares are
reported in the region. There is enhanced low energy particle flux during the
transit of the region across the disk.

I(D

1658 323 14888 Aug 9 N24 12120 6

Active region 14888 has developed in the northern hemisphere in a longi-

tude zone (300°-360°) which has been devoid of any major activity for more

than a year and a half. The plage is bright and contains an average-
sized Bp spot with a ¢ configuration.

1659 198 14943 Sep 15 NO8 13331 11

1660 205 14979 Oct 12 N13 03110 5

Region 14943 is the most outstanding region of the year, and will be one

of the truly great regions of cycle 21. The plage is large and very bright,
is rich in x-rays, and is a strong emitter of centimeter radiation. The large

spot (max. area = 1100) is complex, with a ¢ configuration. Its low latitude
(N¥08°) leaves it open to question as to whether it belongs to old cycle 20 or
to' the new cycle. Since the neutral line runs about east to west, it is

difficult to decide whether the polarities are like those of the old cycle, or
like the new. If it is an o0ld cycle spot (and plage), it is most unusual.
Region 14943 is very active. Seven major CFI flares occur in the region
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between September 5 and 24 (before the east limb appearance of the regicn, and
beyond the west limb). Enhanced low energy particle flux occurs during the
disk transit of the region. Truly major flares occur on September 7, 9, 16,
19 and 20 (CFI = 12, 11, 13, 13, 11) accompanied by highly energetic particle
emission.

On September 24, when the region is one day beyond the west limb, an
event occurs (for which no flare is reported), which produces a ground level
cosmic ray increase.

In the next rotation, region 14943 returns as active region 14979, The
plage continues to be very large and bright. The spot remains complex though
now greatly reduced in area. A major CFI flare on October 12 (CFI = 11) was
accompanied by highly energetic particle emission.

ROT. L McMATH REGION

YEAR NO. (DE&) PLAGE CMP LAT. PROFILE ART
1977 1660 348 14963 Oct 1 N16 02011 4
1660 340 14967 Oct 2 N33 12000 3

Regions 14963 and 14967 are small active regions that have developed in
the inactive zone (300°-360°) previously mentioned in connection with region
14888 (see above). A major flare in region 14967 on October 6 (CFI = 11) was
accompanied by energetic proton emission.

1661 65 15031 Nov 19 N26 01031 5

Region 15031 has developed in a longitude zone in the northern hemisphere
(0°-60°) which has remained inactive since the latter half of 1975. Plage and
spot grow rapidly on the disk after November 16. A major flare on November 22

(CFI = 12) was accompanied by strong particle emission and a ground level
increase in cosmic ray intensity.

1977 1662 194 15049 Dec 6 S23

1978 1663 201 15081 Jan 2 S19 23011 7
Region 15049, and its "descendent” 15081, continue activity in the south-

ern hemisphere in the active longitude zone ~ 160°-220°. A major flare in

region 15049 on December 6 (CFI = 8) was accompanied by electrons and low

energy proton emission. Major CFI flares also occur on December 28 and Decem—

ber 30, when the plage returns as region 15081 in the next rotation.

1977 1662 138 15056 Dec 11 825 23211 9

The appearance of region 15056 continues the spread of activity in the
southern hemisphere to previously mostly inactive longitudes. The region is
in its second rotation, having formed on the disk on November 9 in rotation
1661. The plage is bright and contains a g~type spot which occasionally
becomes complex, with a ¢ configuration. Three major CFI flares occur in the
region, on December 8, 10, and 17.
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ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ART

1977 1663 350 15074 Dec 21 S28 11001 3

This high-latitude southern region forms on the disk on ~ December 22 and
spot and plage then grow rapidly. Major CFI flares occur on December 26 and
27, as the region approaches the west limb. The flare on December 27 (CFI =
8) was apparently accompanied by strong particle emission.

1978

During 1978, there was a marked increase in major solar activity in both
the northern and southern hemispheres, as the solar cycle advanced rapidly.
For the first three months of 1978, there continued to be longitude =zones
which remained devoid of any significant plages (270°-330°, and 90°-120°), but
after April 1978 plage development spread to all longitudes, in both hemis-
pheres. For the most part, however, the greatest activity occurred in regions
in the northern hemisphere. After September 1978, there was a shift in major
activity towards the southern hemisphere.

1663 201 15081 Jan 02 S19 23011 7
Some of the major active regions of 1978 will be mentioned here. Region
15081 has been discussed before. In its third rotation, it is in the active
longitude zone related to the location of the great active region of September
1977 (region 14943, rotation 1659). Eight major CFI flares occur in region
15081, between December 26 and January 9 (east limb to west limb), the espe-
cially major flares of January 7 and 8 having CFI's of 10 and 12. A major
"behind the west limb" event occurred on January 10.

1664 34 15139 Feb 11 N17 44433 18
1665 39 15175 Mar 11 N18
1666 30 15221 Apr 07 N21 13230 9

This major region (15139) has developed in a longitude zone in the north-
ern hemisphere where there has been very little major activity except for the
existence of region 15031 of November 1977 in rotation 1661 (in which the
ground level cosmic ray event of November 22, 1977 occurred). Region 15139 is
a large and very bright plage, very "rich" in everything - flares, x-rays,
radio emission - and contains a very large and magnetically complex spot
(8Y). Seven major CFI flares occur between February 7 and February 17, as the
region traverses the disk. The major flare of February 13 (CFI = 12) was
accompanied by strong proton emission and PCA. In rotation 1666, the plage
returns, with renewed vigor, as region 15221. Major CFI flares occur on April
8 (CFI = 12), and April 11 (CFI = 13). The flare of April 1l was accompanied
by strong proton emission, and a PCA event. "Descendents” of this major
active region continue to appear for about 5 more rotations, but no further
significant activity occurs.
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ROT. L McMATH REGION

YEAR NO. (DE8) PLAGE CMP LAT. PROFILE ARI
1978 1664 80 15134 Feb 08 N27 12011 5
1665 72 15172 Mar 08 N22 22121 8
1667 73 15266 May 02 N24 34441 16
1668 75 15314 May 28 N18 23231 11
1669 77 15368 Jun 24 N19 12000 3

The appearance of region 15134 in rotation 1664 in February begins the
development of one of the great plage "families"” of 1978 (also located in the
longitude zone of the cosmic ray region of Kovember 1977).

After a period of decline and inactivity in rotation 1666, there is a
resurgence of activity in the old plage and the development of new plage, in
rotation 1667, containing a large and complex spot with a § configurationm.
Region 15266 is one of the truly great regions of cycle 21. Two great flares
of importance 3b occur in the region on April 28 and April 30. A total of 16
major CFI flares occur during the transit of the region across the disk,
between April 25 and May 9. Eight of these flares have CFI's > 10. Bright
loops were observed above the region as it was coming around the east limb on
April 23. The 3b flare of April 28 (CFI = 18) initiated a major particle
event, with PCA, which continued through the 29th and 30th - no doubt augnment-
ed by the major flares of April 29 and 30 (CFI = 15). A sudden commencement
on April 30 marked the onset of a strong geomagnetic disturbance that contin-
ues for 5 days. A flare on May 7 (at W/2, CFI = 13) was accompanied by strong
proton emission and a ground level cosmic ray event. Major flare activity in
region 15266 continues on May 8 and May 9 (CFI = 12 and 10) as the plage goes
over the west limb. West limb passage was marked by “spectacular surges and
loop prominences”.

In the next rotation, the plage returns as region 15314 - continuing as a
major active region, with 5 major CFI flares occuring between May 23 and June
2. A flare of importance 3b on May 31 (CFI = 12) was accompanied by strong
proton emission. A flare in the region on June 2 also probably was responsi-
ble for an energetic proton event and weak PCA.

1667 278 15235 Apr 15 N17 14002 7

Region 15235, located in old plage that has persisted for 7 (or more)
rotations on the opposite hemisphere from the location of the great region
15266, has experienced a resurgence, with the growth of new and very bright

plage and a new B-type spot. Six CFI flares occur in the region, between
April 11 and April 20.

1669 48 15375 Jun 26 520 13210 7

Region 15375 is the first major active region to develop at this longi-

tude in the southern hemisphere in more than a year. Its appearance marks the .

onset of expanding major southern activity into new longitude zones. Four
major CFI flares occur in the region on June 26, 27 and 28.

1670 165 15403 Jul 15 N18 55411 16

Region 15403, in the northern hemisphere, is the most active region of
1978, in terms of numbers of flares (of IMP > 1), and SID's (x-ray produc-
tiomn). The plage contains a large and magnetically complex spot, with
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a § configuration. Nineteen CFI flares occur in the region, between July 7
and July 18. Most of the major flare activity occurs while the region is far
to the east (between E90 and E45°). Many of these flares have CFI's » 10. A
great flare of importance 3b occurred on July 10 (CFI = 15), and a flare of
importance 2b on July 11 also had a CFI of 15. No energetic particle emission
was reported with any of the major flare events in region 15403. No signifi-
cant geomagnetic disturbance occurred, except for a brief storm on July 13-1l4.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ART
1978 1672 190 15509 Sep 05 S31 23211 9

Region 15509 is a major plage that has developed in the southern hemis-
phere, at a high latitude. The region is large and bright, and contains a B-
tvpe spot which occasionally becomes complex. Activity in the southern hemis-—
phere is spreading to all longitude zones.

1672 7 15543 Sep 19 N35 12340 10

A major region in the northern hemisphere has developed in a longitude

zone (at ~ 0°) which has been devoid of any major activity since the start of

the new cycle (in 1976). The plage 1is very bright, and contains a large,

complex By spot. It is a strong radio emitter at centimeter wavelengths.

Located at a very high latitude, the region has a short lifetime of only two

rotations. A flare of importance 3b occurs in the region on September 23 (CFI

= 13), accompanied by strong proton emission, strong PCA (9.6 db), and a
ground level cosmic ray event.

1673 157 15570 Oct 05 S1l4 12210 6

1673 50 15587 Oct 13 S18 12210 6

These regions (15570 and 15587) represent the continued increase in

activity in the southern hemisphere, as the activity spreads to different

longitudes. Both regions contain complex y-type spots of moderate size., Four

major CFI flares occur in region 15570, between October 1 and October 9. The
flare on October 9 (CFI = 9) was accompanied by energetic particle emission.
Six major CFI flares occur in region 15587, between October 6 and October 18.

1675 85 15687 Dec 04 S17 12201 6

1676 89 15733 Dec 31 518 11111 5

Region 15687 is in its second rotation, and is a member of a long-lived

"family" of plages that has formed in the southern hemisphere at ~ L = 90°,

The plage is large and very bright, and contains a complex By spot of moderate

size. The plage returns in rotation 1676 as region 15733 - a large, bright

plage which contains a complex By spot. A major CFI flare occurred on Decem—
ber 27 (CFI = 11). No particle emission was reported.

1675 32 15694 Dec 08 S23 34201 10

Region 15694, in the southern hemisphere, is a very bright plage that
contains a large B—type spot. The plage is rich in =x-rays, and produces
numerous flares of importance » l. Six major CFI flares occur in the region,
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between December 3 and 13. An important flare on December 11 (2b, CFI = 13)
was accompanied by energetic particle emission.

ROT. L, McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ARI
1978 1676 333 15697 Dec 13 Si6 22324 13
1979 1677 330 15748 Jan 09 S17 12210 6

1678 329 15800 Feb 06 S20

1679 320 15856 Mar 06 523 11000 2

The development of active region 15697 has carried the extension of
solar activity in the southern hemisphere to a longitude zone in which there
has been no previous major activity since the beginning of the cycle. The
plage is large and bright, and contains a large and complex By spot with
a ¢ configuration. Seven major CFI flares occur in the region, between Decem-
ber 10 and December 18. Several major flares occur simultaneously with the
flares of region 15694, especially those of December 11 (CFI = 9) and December
13 (CFI = 8). The plage returns in rotation 1677, much reduced in area, but
still bright. The spot is smaller, but remains magnetically complex. In
rotation 1678, the plage is smaller and less bright, and the region (now
15800) is almost spotless. The only activity in the region is an isolated
major flare of importance 3n on February 1 (CFI = 8), when no spots are pres-
ent. When the plage returns again, in rotation 1679, as region 15856, it is
considerably reduced in area and intensity, and contains only a
small o spot. Another isolated major flare of importance 3n (CFI = 11),
occurs in the region on March 1, accompanied by energetic particle emission.

1979 :

1979 1is the year of maximum for the present solar cycle (cyele 21).
Statistical maximum in the Zurich sunspot numbers is in December 1979,
Throughout 1979, active regions occur with increased frequency at all solar
longitudes in both the northern and southern hemispheres. There is consider-
ably more major activity, however, in the northern hemisphere than in the
south, especially in the longitude zone between 100°-210°. Some of the most
active regions will be mentioned below - with and without comments.

1979 1677 350 15749 Jan 08 N10 01101 3
1678 355 15802 Feb 04 N12 11120 5

Spot and plage in region 15749 grow rapidly on disk after central meridi-
an passage.

The spot in region 15802 is complex (y).

1677 300 15754 Jan 12 N19 22010 5
1678 293 15807 Feb 09 N16 22221 9
1679 293 15863 Mar 08 N16 11000 2

Three major flres occur in region 15754 on January 8, 13 and 14 (CFI =
10, 7, 6).

The spot in region 15807 is larger in area, and is complex. Flare and x-
ray production has increased.
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ROT. L McMATH REGION

YEAR NO. (DE8) PLAGE CMP LAT. PROFILE ARI
1979 1677 177 15772 Jan 21 N20 11121 6
1678 175 15823 Feb 18 N19 22212 9
1679 164 -~ 15877 Mar 17 N15 12010 4

Region 15772 contains a complex y-type of moderate size. In region 15823
the spot is larger, still complex (y), with a § configuration. Three major
CFI flares occur on February 18, 19 and 20. The flare on February 18 (CFI =
12) occurs simultaneously with a similar major flare in region 15830 (see
below). Region 15823 returns in rotation 1679 as a part of the very extensive
plage 15877.

1677 133 15777 Jan 24 N14 11121 6
1678 144 15830 Feb 20 N15 33411 12
1679 164 15877 Mar 17 N15 12010 4
1680 172 15933 Apr 13 N23 11000 2
1681 180 15990 May 10 N23 12030 6
1682 180 16051 Jun 06 N20 23331 12

Moderately large spot in region 15777 has occasional complex y character-
isties. In the next rotation, region 15830, now much larger in area, contains
one of the largest spots of the year - a very large y spot. The region is
rich in number of flares and x-rays. Six major CFI flares occur in region
15830 between February 16 and February 22. The major flare of February 16

(importance 3b, CFI = 15 at E59) produced a major energetic particle event
(with delayed onset) of long duration, probably augmented by the major flares
on February 18 (CFI = 10 and 12). "Simultaneous flares” occur frequently in

regions 15830 and 15823 (see above).

By rotation 1679, the two major active regions (15830 and 15823) have
merged into the very large plage 15877, which now contains numerous small
spots. In rotations 1680 and 1681, the plage continues to decrease in area
and intensity. By rotation 1682, there is a resurgence of activity, with the
development of new plage and the growth of a large and complex y spot with
a & configuration. Four major flares occur in region 16051 on June 3, 4, 5
and 19. The flare on June 5 (importance 2b at El4, CFI = 12), was accompanied
by a strong proton event, and PCA. A flare of importance 3b (CFI = 8)
occurred in the region on June 10. In subsequent rotatioms, the plage de-
clines rapidly in area and intensity.

1678 287 16808 Feb 09 520 12121 7
1679 288 16864 Mar 08 S16 11000 2
Activity in the southern hemisphere. Region 16808 contains a

complex y spot of average size. Two CFI flares occur on February 5 (CFI = 8).

1679 320 15856 Mar 06 823 11000 2
1680 318 15918 Apr 02 s27 23431 13
1681 313 15968 Apr 30 526 11030 5

Region 15856 is old plage, "descended” from active region 15697 of Decem-—
ber 1978. On March 1, a "spotless” flare of importance 3n occurs in region
15856. A resurgence in activity within this old plage begins in rotatiom
1679, and develops into the very active region 15918 by the next rotation.
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Region 15918 contains a very large y spot, with a § configuration. A major
flare on April 3 (CFI = 10), was accompanied by a strong proton event and PCA.

ROT. L McMATH REGION

YEAR NO (DEE) PLAGE CMP LAT PROFILE ARI
1979 1679 118 15887 Mar 21 NO7 23220 9
1680 138 15937 Apr 15 NO4 22340 11

Region 15887 is new plage which has developed in the northern hemisphere
(in the active longitude zone) at a very low latitude. The region contains a
complex y-type spot with a § configuration. Three major CFI flares occur on
March 22, 26 and 27. When the region returns in rotation 1680, the spot has
doubled in size and remains complex. Three major CFI flares occur in region
15937 on April 9, 14 and 15. Although remnants of the plage continue to exist
for many subsequent rotations, no further major activity occurs.

1681 338 15967 Apr 28 N17 22321 10

Region 15967 is a major new plage in the northern hemisphere. It con-

tains a large and complex By spot. Five major CFI flares occur in the region,

between April 26 and May 3. A flare on April 27 (CFI = 13) was accompanied by
energetic particle emission.

1681 283 15974 May 02 N1é6 12331 10

Active region 15974 formed on the disk, near the west limb, in the previ-

ous rotation. Region 15974 contains a large and complex By spot. Major CFI
flares occur simultaneously on April 29 and May 3 in regions 15967 and 15974

(CFI = 8 and 10). Although the plage continues to exist for two more rota-
tions, no additional major activity occurs.

1681 152 15996 May 12 S21 01020 3
1682 163 16052 Jun 08 521 11111 5
1683 160 16112 Jul 05 523 11000 2

Region 15996 grows on the disk in area and intensity, after C.M.
passage. It returns in rotation 1682 as large and bright plage 16052 which
contains two rather large B-type spots. Two CFI flares occur in region 16112

(in the next rotation) on June 27 and July 5 (CFI = 1 and 4, with type II
radio bursts).

1681 104 16014 May 16 N16 11110 4
1682 105 16067 Jun 12 N16 11312 8
1683 100 16123 Jul 09 N17 12000 3

Region 16014 first appears as a small plage on the disk near the east
limb and grows rapidly. A small g-type spot occasionally becomes complex. In
the next rotation, the plage (now region 16067) has grown in area and intensi-
ty, and contains one of the largest spots of the year - a large 8 spot, some-
times becoming By. No major CFI flares occur in these active regions,
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ROT. L McMATH REGION

YEAR NO. (DE8) PLAGE CMP LAT. PROFILE ARI
1979 1682 212 16046 Jun 04 N17 11101 4
1683 215 16104 Jul 01 N16 11100 3
1682 92 16065 Jun 13 S16 01201 4

Region 16065 contains a moderately large By spot. Two CFI flares occur
on June 18 (CFI = 7 and 5) accompanied by moderate particle emission.

1683 172 16117 Jul 04 N18 01100 2
1684 178 16171 Jul 30 N18 11010 3
1685 183 16238 Aug 26 N19 11000 2

Region 16117 is mostly new plage that has developed in the following
"remnants" of active region 16051 of the previous rotation. Region 16117
contains a moderately large g~type spot which occasionally shows By—§ charac-
teristics. Two CFI flares occur on July 5 and 7. The flare on July 7 (CFI =
6) produced an energetic proton event.

%

1683 122 16122 Jul 08  NIO 11101 4
Region 16122 contains a complex By spot of moderate size, with a § con-
figuration. Two CFI flares occur on July 4 (CFI = 10 and 8).

1684 349 16161 Jul 18 N17 11110 4
1685 350 16208 Aug 14 N16 02300 5
1686 352 16275 Sep 10 N15 01200 3
1687 358 16336 Oct 06 N14 11100 3
1687 5 16398 Nov 02 N15 11201 5

A long-lived "family" of plages in the northern hemisphere. Region 16208
contains a large By spot with a § configuration. The spot continues to be-
large and complex (By) in rotation 1686, but diminishes in area as it transits
the disk. When the spot returns in October, it is small but still complex,
and finally disappears on the disk. Region 16336 returns in November with
renewed vigor. A large g-type spot has developed in region 16398, and the
plage is considerably larger and brighter. Although remnants of the plage
continue to exist for several more rotations, these regions are small in area
and relatively spotless.

1684 245 . 16164 Jul 26 Sl4 11100 3
1685 244 16231 Aug 22 S16 11000 2
1685 270 16224 Aug 20 526 22301 8

Region 16224 is an important new southern plage containing a large and
complex By spot with a § configuration. The spot, at a relatively high lati-
tude, exhibited reversed polarities during most of its transit across the
disk. Eight major CFI flares occurred in the region on August 13, 14 and 16,
while the region was still far to the east (between E90 and E47°).
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ROT. L McMATH REGION

YEAR NO. (DE8) PLAGE CMP LAT. - PROFILE ARI
1979 1685 195 16239 Aug 26 NO6 23440 13
1686 197 16298 Sep 22 NO6 24420 12
1687 199 16368 Oct 19 NO5
1688 210 16421 Nov 14 N12 11100 3

Region 16239 continues the chain of active northern regions in the active
longitude =zone between 100° and 200°. It is a new, large and very bright
plage that has appeared at low latitudes, near the equator, and contains a
very large and complex y spot with a § configuration. Five major CFI flares
occur between August 18 and 26, from east limb appearance to C.M. Flares on
August 18 (E90, CFI = 10) and August 20 (CFI = 12) were accompanied by ener-
getic particle emission and PCA.

The plage returns in rotation 1686 as active region 16298. The plage has
nearly doubled in area and the spot 1is still very large and complex
(now By). Three major CFI flares occur on September 15, 16 and 19. The flare
on September 19 is importance 3b (CFI = 9). Proton emission has been in
progress since September 14.

In the next rotation, the spot has diminished greatly in area, and disap-
pears on the disk on October 21. 1In rotation 1688, there is a resurgence of
ativity in the leading part of the old plage remnants from region 16368 with
the development of a new By spot (of small size) in region 16421.

1685 63 16263 Sep 05 N22 11101 4
Region 16263 contains a large 8 spot,

1685 32 16267 Sep 07 S21 12000 3

Seven major CFI flares occur in region 16267 between September 2 and 11,

during the transit of the plage (CFIl's range from 2 to 8, and each flare has a
type II radio burst). No energetic particle emission is reported.

1686 302 16279 Sep 14 N13 12211 7
1687 309 16344 Oct 10 N16 22311 9
1688 313 16406 Nov 06 N17 02001 3

Region 16279 contains a large g=-type spot. When the plage returns in
rotation 1687 as region 16344, it is much more active and the spot is very
large and complex - By, with a § configuration. Three major CFI flares occur
on. October 4, 5 and 7. The flare on October 5 (at E59, CFI = 12) was accom—
panied by moderate particle emission. ‘

By the next rotation, the spot has simplified to a small gqp. A major CFI
flare occurs on November 6 (CFI = 11).

1686 123 16315 Sep 27 N18 12211 7
Another active northern region in the favored longitude zome (100°-
200°). Region 16315 contains a very large g-type spot.

1686 16324 Sep 30 S22 12100 4
1687 16384 Oct 27 S20 01000 o1
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ROT. Lo McMATH REGION
YEAR NO. (DEG) PLAGE CMP LAT. PROFILE ARI

1979 1687 330 16341 Oct 09 N24 11101 4
Region 16341 contains a large p-type spot which occasionally becomes
complex (BY).

1687 250 16357 Oct 15 N26 12100 4

1688 230 16419%a Nov 13 N30 12311 8

Region 16419a is a large, bright plage at high latitudes, and contains a

large and complex By spot. Three major CFI flares occur in region 1641%a on

November 6, 8 and 15. The flare on November 15 (importance 2b, CFI = 9) was
accompanied by energetic protons and a small PCA event.

1687 220 16366 Oct 17 N33 12210 6
Region 16366 contains a large B spot which occasionally becomes complex

(BY).

1687 180 16373 Oct 20 N27 23411 11
1688 170 16426 Nov 17 N30
Active region 16373 is rich in the production of flares and x-rays. The
plage contains a very large and complex By spot with a § configuration. Two
major CFI flares occur on October 19 (CFI = 7). The region formed on the
disk, in the previous rotation, near the central meridian. In rotation 1688,
the spot is smaller and has simplified into an ap.

1688 276 16413 Nov 09 S15 34401 12

1689 280 16467 Dec 06 S16 01110 3

Active region 16413 is a great southern plage, with numerous flares of

importance » 1, and strong x-rays. The region contains a very large By spot

with a 6 configuration. Nine major CFI flares occur in the region between

November 4 and 12. Flares on November 8, 9 and 10 (CFI = 10, 11 and 13) and
November 12 (CFI = 8) are accompanied by energetic particle events.

1688 240 16418 Nov 12 S16 02422 10

1689 242 16478 Dec 09 S16 01110 3

Active region 16418 contains the largest spot of the year (maximum area

1970 millionths of the hemisphere, mean area ~ 1500). The spot is
complex By. The region has a flare on November 12 (CFI = 9) which occurs

simultaneously with a major flare in region 16413.

On November 8, 9, 10 and 11, the daily vlaues of the 10 cm. flux (Ottawa,
corrected) exceeded 300 (max. value 367 on November 10). This is a rare
occurrence - similar to circumstances in March and April 1947, during the disk
passage of two of the greatest sunspots ever observed (max. area in March =
4554 millionths of the hemisphere, and on its return in April = 6132). The
high flux in November must be related to the disk passage of the two large
spots in regions 16413 and 16418 (max. area 1720 and 1970 respectively).
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SOLAR CYCLES 20 AND 21 (1964-1979)
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UAG SERIES OF REPORTS

Between 4 and 12 UAG Reports are published at irregular intervals each year. Subscriptions may be ordered through the
National Geophysical and Solar-Terrestrial Data Center, Environmental Data and Information Service, NOAA, Boulder, CO
80303, USA. The subscription price for the calendar year only is $30.00 ($17.30 additional for foreign mailing). Each year the
single copy prices total less than $30.00, the expiration date for all subscriptions will be extended. Back issues may be pur-
chased at the prices shown below plus a $3.00 handling charge per order; some reports, though, are available only on microfiche.
Orders must include check or money order payable in U.S. currency to the Department of Commerce, NOAA/NGSDC.

UAG-1 "IQSY Night Airglow Data," by L.L. Smith, F.E. Roach, and J.M. McKennan, ESSA Aeronomy Laboratory, Boulder,
€O, July 1968, 305 pp, $1.75.

UAG-2 "A Reevaluation of Solar Flares, 1964-1966," by Helen W. Dodson and E. Ruth Hedeman, McMath-Hulbert
Observatory, University of Michigan, Pontiac, MI, August 1968, 28 pp, $0.30.

UAG-3 *Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 6 July 1966 through 8 September
1968," by James W. Warwick and George A. Dulk, University of Colorado, Boulder, CO, October 1968, 35 pp,
$0,55.

UAG-4 "Abbreviated Calendar Record 1966-1967," by J. Virginia Lincoln, Hope I. Leighton and Dorothy K. Kropp, ESSA
now NOAA, Aeronomy and Space Data Center, Boulder, CO, January 1969, 170 pp, $1.25.

UAG~5 "Data on Solar Event of May 23, 1967 and its Geophysical Effects," compiled by J. Virginia Lincoln, World
Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, February 1969, 120 pp, $0.65.

UAG-6 "International Geophysical Calendars 1957-1969," by A.H. Shapley and J. Virginia Lincoln, ESSA Research
Laboratories, now NOAA, Boulder, CO, March 1969, 25 pp, $0.30.

UAG-7 "Observations of the Solar Electron Corona: February 1964 - January 1968," by Richard T. Hansen, High
Altitude Observatory, NCAR, Boulder, CO, and Kamuela, HI, October 1969, 12 pp, $0.15.

UAG~8 "Data on Solar-Geophysical Activity October 24 - November 6, 1968," Parts 1 and 2, compiled by J. Virginia
Lincoln, World Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, March 1970, 312 pp,
$1.75 (includes Parts 1 and 2).

UAG-9 "Data on Cosmic Ray Event of November 18, 1968 and Associated Phenomena," compiled by J. Virginia Lincoln,
World Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, €O, April 1970, 109 pp, $0.55.

UAG-10 "Atlgs of lonograms," edited by A.H. Shapley, ESSA Research Laboratories now NOAA, Boulder, CO, May 1970, 243
pp, $1.50.

UAG-12  "Solar-Geophysical Activity Associated with the Major Geomagnetic Storm of March 8, 1970," Parts 1, 2 and 3,
compiled by J. Virginia Lincoln and Dale B. Bucknam, World Data Center A, Upper Atmosphere Geophysics, ESSA
now NOAA, Boulder, CO, April 1971, 466 pp, $3.00 (includes Parts 1-3).

UAG-13  "Data on the Solar Proton Event of November 2, 1969 through the Geomagnetic Storm of November 8-10, 1969,"
compiled by Dale B. Bucknam and J. Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics, ESSA
now NOAA, Boulder, €O, May 1971, 76 pp, $0.90.

- UAG-14  "An Experimental, Comprehensive Flare Index and Its Derivation for 'Major" Flares, 1955-1969," by Helen W.
Dodsgn and E. Ruth Hedeman, McMath-Hulbert Observatory, University of Michigan, Pontiac, MI, July 1971, 25
pp, $0.30.

UAG-16  "Temporal Development of the Geophysical Distribution of Auroral Absorption for 30 Substorm Events in each of
: 1QSY (1964-65) and IASY (1960)," by F.T. Berkey, University of Alaska, Fairbanks, AK; V.M. Driatskiy, Arctic
and Antarctic Research Institute, Leningrad, USSR; K. Henriksen, Auroral Observatory, Tromson, Norway; D.H.
Jelly, Communications Research Center, Ottawa, Canada; T.I. Shchuka, Arctic and Antarctic Research Institute,
Leningrad, USSR; A. Theander, Kiruna Geophysical Observatory, Kiruna, Sweden; and J. Yliniemi, University of
Oulu, Oulu, Finland, September 1971, 131 pp, $0.70 (microfiche only).

UAG-17  "Ionospheric Drift Velocity Measurements at Jicamarca, Peru (July 1967 - March 1970)," by Ben B. Balsley,
NOAA Aeronomy Laboratory, Boulder, CO, and Ronald F. Woodman, Jicamarca Radar Observatory, Instituto
Geofisico del Peru, Lima, Peru, October 1971, 45 pp, $0.55 (microfiche only).

UAG-~18  "A Study of Polar Cap and Auroral Zone Magnetic Variations," by K. Kawasaki and S.-I. Asasofu, University of
Alaska, Fairbanks, AK, June 1972, 21 pp, $0.20.

UAG-19  “"Reevaluation of Solar Flares 1967," by Helen W. Dodson and E. Ruth Hedeman, McMath-Hulbert Observatory,
University of Michigan, Pontiac, MI, and Marta Rovira de Miceli, San Miguel Observatory, Argentina, June
1972, 15 pp, $0.15.

UAG-21  "Preliminary Compilation of Data for Retrospective World Interval July 26 - August 14, 1972," by J. Virginia
Lincoln and Hope I, Leighton, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, November
1972, 128 pp, $0.70.

UAG-22  "Auroral Electrojet Magnetic Activity Indices (AE) for 1970," by Joe Haskell Allen, National Geophysical and
Solar-Terrestrial Data Center, Boulder, C0O, November 1972, 146 pp, $0.75.

UAG-23  "U.R.S.I. Handbook of Ionogram Interpretation and Reduction," Second Edition, November 1972, edited by W.R.
Piggott, Radio and Space Research Station, Slough, UK, and K, Rawer, Arbeitsgruppe fur Physikalische
Weltraumforschung, Freiburg, GFR, November 1972, 324 pp, $1.75.

UAG-23A "U.R.S.I. Handbook of Ionogram Interpretation and Reduction,” Second Edition, Revision of Chapters 1-4,
edited by W.R. Piggott, Radio and Space Research Station, Slough, UK, and K. Rawer, Arbeitsgruppe fur
Physikalische Weltraumforschung, Freiburg, GFR, November 1972, 135 pp, $2.14.

UAG-24  "Data on Solar-Geophysical Activity Associated with the Major Ground Level Cosmic Ray Events of 24 January
and 1 September 1971," Parts 1 and 2, compiled by Helen E. Coffey and J, Virginia Lincoln, World Data Center
A for Solar-Terrestrial Physics, NOAA, Boulder, CO, December 1972, 462 pp, $2.00 (includes Parts 1 and 2).
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"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 9 September 1968 through 9
December 1971," by James W. Warwick, George A. Dulk and David G. Swann, University of Colorado, Boulder, CO,
February 1973, 35 pp, $0.35.

*pata Compilation for the Magnetospherically Quiet Periods February 19-23 and November 29 - December 3,
1970," compiled by Helen E. Coffey and J. Virginia Lincoln, World Data Center A for Solar-Terrestrial
Physics, NOAA, Boulder, CO, May 1973, 129 pp, $0.70.

"High Speed Streams in the Solar Wind," by D.S. Intriligator, University of Southern California, Los Angeles,
CA, June 1973, 16 pp, $0.15.

"Collected Data Reports on August 1972 Solar-Terrestrial Events,”" Parts 1, 2 and 3, edited by Helen E.
Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, July 1973, 932 pp, $4.50.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1968," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, C0O, October 1973, 148 pp,
$0.75.

"Catalogue of Data on Solar-Terrestrial Physics," prepared by NOAA Environmental Data Service, Boulder, CO,
October 1973, $1.50. Supersedes UAG-11, 15, and 20 catalogs.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1969," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, February 1974, 142 pp,
$0.75.

"Synoptic Radio Maps of the Sun at 3.3 mm for the Years 1967-1969," by Earle B. Mayfield, Kennon P. White
111, and Fred I. Shimabukure, Aerospace Corp., E1 Segundo, CA, April 1974, 26 pp, $0.35.

"puroral Electrojet Magnetic Activity Indices AE(10) for 1967," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, May 1974, 142 pp,
$0.75.

"Absorption Data for the IGY/IGC and IQSY," compiled and edited by A.H. Shapley, National Geophysical and
Solar-Terrestrial Data Center, Boulder, CO; W.R. Piggott, Appleton Laboratory, Slough, UK; and K. Rawer,
Arbeitsgruppe fur Physikalische Weltraumforschung, Freiburg, GFR, June 1974, 381 pp, $2.00.

"Catalogue of Digital Geomagnetic Variation Data at World Data Center A for Solar-Terrestrial Physics,”
prepared by NOAA Environmental Data Service, Boulder, CO, July 1974, 20 pp, $0.20.

“An Atlas of Extreme Ultraviolet Flashes of Solar Flares Observed via Sudden Frequency Deviations During the
ATM-SKYLAB Missions," by R.F. Donnelly and E.L. Berger, NOAA Space Environment Laboratory; Lt. J.D. Busman,
NOAA Commissioned Corps; B. Henson, NASA Marshall Space Flight Center; T.B. Jones, University of Leicester,
UK; G.M. Lerfald, NOAA Wave Propagation Laboratory; K. Najita, University of Hawaii; W.M. Retallack, NOAA
Space Environment Laboratory and W.J. Wagner, Sacramento Peak Observatory, October 1974, 95 pp, $0.55.

"Auroral Electrojet Magnetic Activity Indices AE(10) for 1966," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, December 1974, 142 pp,
$0.75.

"Master Station List for Solar-Terrestrial Physics Data at WDC-A for Solar-Terrestrial Physics," by R.W.
Buhmann, World Data Center A for Solar-Terrestrial Physics, Boulder, CO; Juan D. Roederer, University of
Denver, Denver, CO; and M.A. Shea and D.F, Smart, Air Force Cambridge Research Laboratories, Hanscom AFB, MA,
December 1974, 110 pp, $1.60.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1971," by Joe Haskell Allen, Carl C. Abston and
;eslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO, February 1975, 144 pp,
2.05.

"H-Alpha Synoptic Charts of Solar Activity for the Period of Skylab Observations, May 1973 - March 1974," by
Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, €O, February 1975, 32 pp, $0.56.

"H-Alpha Synoptic Charts of Solar Activity During the First Year of Solar Cycle 20 October 1964 - August
1965," by Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, CO and Jerome T. Nolte, American
Science and Engineering, Inc., Cambridge, MA, March 1975, 25 pp, $0.48.

“Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-80 MHz, 10 December 1971 through 21 March
1975," by James W. Warwick, George A. Dulk and Anthony C. Riddle, University of Colorado, Boulder, CO, April
1975, 49 pp, $1.15.

"Catalog of Observation Times of Ground-Based Skylab-Coordinated Solar Observing Programs,” compiled by Helen
E. Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, May 1975, 159 pp, $3.00.

“Synoptic Maps of Solar 9.1 cm Microwave Emission from June 1962 to August 1973," by Werner Graf and Ronald
N. Bracewell, Stanford University, Stanford, CA, May 1975, 183 pp, $2.55.

“Auroral Electrojet Magnetic Activity Indices AE(11) for 1972," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, €O, May 1975, 144 pp,
$2.10 (microfiche only).

“Interplanetary Magnetic Field Data 1963-1964," by Joseph H. King, National Space Science Data Center, NASA
Goddard Space Flight Center, Greenbelt, MD, June 1975, 382 pp, $1.95.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1973," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, €O, June 1975, 144 pp,
$2.10 (microfiche only).

“Synoptic Observations of the Solar Corona during Carrington Rotations 1580-1596 (11 October 1971 - 15
January 1973)," [Reissue of UAG-48 with quality images], by R.A. Howard, M.J. Koomen, D.J. Michels, R.
Tousey, C.R. Detwiler, D.E. Roberts, R.T. Seal, and J.D. Whitney, U.S. Naval Research Laboratory, Washington,
DC, and R.T. Hansen and S.F. Hansen, C.J. Garcia and E. Yasukawa, High Altitude Observatory, NCAR, Boulder,
€0, February 1976, 200 pp, $4.27.
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UAG-70

UAG-71
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“Catalog of Standard Geomagnetic Variation Data," prepared by NOAA Environmental Data Service, Boulder, CO,
August 1975, 125 pp, $1.85.

"High-Latitude Supplement to the URSI Handbook on Ionogram Interpretation and Rediction," edited by W.R.
Piggott, British Antarctic Survey, c/o Appleton Laboratory, Slough, UK, October 1975, 294 pp, $4.00.

"Synoptic Maps of Solar Coronal Hole Boundaries Derived from He II 304A Spectroheliograms from the Manned
Skylab Missions," by J.D. Bohlin and D.M. Rubenstein, U.S. Naval Research lLaboratory, Washington, DC,
November 1975, 30 pp, $0.54.

"Experimental Comprehensive Solar Flare Indices for Certain Flares, 1970-1974," by Helen W. Dodson and E,
Ruth Hedeman, McMath-Hulbert Observatory, University of Michigan Pontiac, MI, November 1975, 27 pp, $0.60.

"Description and Catalog of lonospheric F-Region Data, Jicamarca Radio Observatory {November 1966 - April
1969), by W.L. Clark and T.E. Van Zandt, NOAA Aeronomy Laboratory, Boulder, CO, and J.P. McClure, University
of Texas as Dallas, Dallas, TX, April 1976, 10 pp, $0.33.

“Catalog of Ionosphere Vertical Soundings Data," prepared by NOAA Environmental Data Service, Boulder, CO,
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