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FOREWORD

One of the projects under the programs for cooperation in solar-terrestrial sciences since the
IGY has been the selection through international mechanisms of intervals for special study, chosen
on the basis of scientifically significant events or conditions which occurred. These "Retrospec-
tive World Intervals" have been chosen by the International Ursigram and World Days Service (LUWDS)
and announced through suitable periodicals such as IQSY Notes or STP Notes., Their selection has
tended to concentrate attention on these intervals which has resulted in intemsified study and re-
ports on observations and in research papers.

These selected intervals are, of course, coordinated with the scientific projects which are
active in the solar-terrestrial scientific community and they are in fact a recognition of the in-
terest and excitement of workers in the field. For example, the Proton Flare Project of July 1966
was one of these Retrospective World Intervals aand resulted in a special scientific symposium
which was published as TQSY Annals, Vol. 4. There have also been special meetings and publication
on other intervals such as the solar-cosmic ray events of July 1959 and November 1960.

Another almost spontanecusly selected interval was May 23, 1967 and this resulted in the com-
pilation of many data details in a report issued by World Data Center A - Upper Atmosphere Geo-
physics, (UAG-5). This report which included many data which are normally not published but rath-
er held in the WDC archives also included discussion, assessment and some interpretation of the
data by many contributors. The report was well received in the scientific community and in fact -
the Inter-Union Commission om Solar-Terrestrial Physics (IUCSTP) made a recommendation at its Jan-
uary 1969 meeting in London:

"JORKING GROUP 12

Commends World Data Centre & (Upper Atmosphere Geophysics) for their efforts in produc-
ing the IER-FB Solar Geophysical Data reports and the UAG reports (particularly UAG 5
on the solar event of May 1967), and

Urges other Data Centres to adopt similar methods of data synthesis and dissemination.”

The present report is a continuation of this effort in international cooperation. The period
Oct. 24-Nov. 6, 1968 was again selected somewhat spontaneously by leading workers in the field as
an outstanding example of major solar-terrestrial phenomena. In this case, an effort has been
made to obtain contributions from all interested workers who might have significant observations,
or other contributions to the study. Notices of the plan to compile these data volumes were sent
to some 1500 active workers drawn from participants in the IUCSTP programs and contributors to
the World Data Centers. Many replied that all that they had teo offer was the data regularly sent
to the WDCs. About 50 have sent more detailed data or discussions on the cbservations which are
normally available,

These present reports therefore include the special contributions and in addition selections
from the data normally available at WDCs which, in the opinion of the compiler, helped to round
out the account of the solar-terrestrial phenomena under study.

These reports represent an effort to assemble data in a convenient form for elucidating the
mysteries of solar-induced terrestrial phenomena. It is a truly international undertaking under
the general auspices of Working Group 1 of TUCSTP. The acknowledgement of the many participants
is implicit by the inclusion of their contributions in these reports, It is to be hoped that the
reaction to these volumes will be a guide to what further data compilation projects of this kind
should be attempted in the future,

A. H. Shapley, Chairman
TUCSTP Working Group 1,
Monitoring of the Solar-
Terrestrial Environment




PART

PART

TABLE OF CONTENTS

I

FOREWORD

1. INTRODUCTION AND SUMMARY COF GENERAL ACTIVITY
2., HISTORY OF ACTIVE SOLAR REGION

3. OQUTSTANDING SOLAR FLARES

4. SOLAR LIMB PHENGMENA

5. BOLAR RADIO EVENTS

11

6. SOLAR X-RAYS

7. SUDDEN IONOSPHERIC DISTURBANCES

8., SPACE OBSERVATIONS - ELECTRONS, PROTONS, ALPHAS,

INTERPLANETARY MAGNETIC FIELDS

9. COSMIC RAYS

10. GEOMAGNETIC DATA
11. AURORAL PHENOMENA
12, TONOSPHERIC PHENOMENA

ACKNOWLEDGEMENTS

INDEX

PAGE

171
178

190
225
229
253
256

310

310

R




TABLE OF CONTENTS

PART I

FOREWORD

1.

2.

3.

A. H, Shapley

INTRODUCTION AND SUMMARY OF GENERAL ACTIVITY
J. Virginia Lincoln

HISTORY OF THE ACTIVE SOLAR REGION
"Evolution of the Active Region (HY and K Faculae and Spots) of the
Proton Events of October 29-early November 1968"

(G. Godoli, O. Morgante and M., L. Sturiale)

H Disk Passage of the Active Region”
(M. McCabe)

"On Some Aspects of the Early Evolution of the Region"
(T. Fortini and M, Torelli)

"Sunspots Associated with the Froton Flares of Late October 1968"
(Patrick 8. MeIntosh)

QUTSTANDING SOLAR FLARES
"Eruptive Flare of October 24, 1968"
(4. Zirin)
"Study of the Plares in the Active Region of the Proton Events of 1968
October 2% - Early November During its Transit October 21 - November &'
(G. Godeli, 0. Morgante and M. L. Sturiale)
"8ix Large Solar Events Recorded by the NASA Solar Particle Alert Network
from October 27 to November 4, 1968"
(P. E. Lafferty, J. W. Snyder and J. H. Reid)
"A Study of the Film Record of WX Flare of October 30-31, 1968"
(Richard A, Miller and Allan R. Trinidad)
"Description of the HX Flares of November 1, 2 and &, 1968"
(C. J. Macris and C. E. Alissandrakis)

SOLAR LIMB PHENOMENA
"Note on the Limb Passage of the Active Region November 2-4, 1968%
(Charles L. Hyder)
"Eruptive Prominence Associated with the Solar X-ray Burst of 4 November 1968
(Stephen Pinter)

SCLAR RADIC EVENTS
"Summary of Worldwide Outstanding Solar Radio Emission Events - Fixed
Frequency and Spectral’
(Hope I. Leighton and J. Virginia Lincoln)
"Millimeter Radio Emission of McMath Plage No, 9740"
(G. Feix)
"Radio Burst Spectra Associated with Proton Flux Increases"
(D. 8. Lund)
"Solar Radio Activity in Plage #9740 22 October - 4 November 1968"
(John P. Castelli, Walter Clark, William O'Brien and Santimay Basu)
"Solar Radio Bursts During the Period 27 October through 5 November 1963"
(Fred L. Wefer)
"Report on the Solar Radio Events of the period 1968 October 27 - November &'
(A. thme, F. Fﬁrsternberg and A. Kruger)
"Solar Activity at A = 1,6 cm (1% GHz) During the Period 27 October -
4 ¥ovember 1968 and its Relation to Proton Events'
(. L. Croom and R. J., Powell)
"Unusual-1 to 5 GHz Solar Radio Emission of 29 October 1968"
(R. A. Mennella and J. H. Reid)
"Comments on Solar Circumstances at the Time of the Great Radio Frequency
Burst, 1968 Octeober 29, 1516 uT"
(Helen W. Dodsom and E. Ruth Hedeman)
"Movement and Structure in a Complex Solar Outburst at 80 MHz"
(N. R. Labrum)
"Bursts of October 30-31 and November &, 1968 at Toyokawa, Japan"
"Some Radio Bursts in the Period October 29-November 3, 1968 Observed
at Metric Waves with High Temporal Resolution"
(A. Abrami)
"Spectral Diagram of the Event of 1968 Wov, 2"
(X, J. van den Heuvel Rijnders)

11

18
19

22

30

34

40
48

54

65

68

97
103
1i2
127

136

145

150

154
158
161
163

169




DATSA ON SOLAR-GEOPHYSICAL ACTEIVITY OCTOBER 24 - NOVEMBER 6, 1568
1. INTRODUCTION AND SUMMARY OF GENERAL ACTIVITY
by

J. Virginia Lincoln
Space Disturbances Laboratory
ESSA Research Laboratories, Boulder, Coloradc

This report is the result of the response to the call for contributions for a data compila-
tion on this period in late October to early November 1968 which included considerable solar flare
activity and solar proton events followed by major geomagnetic and ionospheric disturbance. The
contributions amounted to such volume it was decided to publish the report in two parts to permit
easier handling. As with Report UAG-5, "Data on Solar Event of May 23, 1967 and its Geophysical
Effects", issued February 1969, some of the data published in "Solar-Geophysical Data' are re-
peated here, and other reports routinely sent to World Data Center A - Upper Atmosphere Geophysics
have heen utilized. The value of this compilation, however, is because of the many contributions
made by scientists throughout the world. It should be noted that each person's contribution has
been prepared without the benefit of seeing the other contributions. Thus, there will be repeti-
tion but from different viewpoints.

The data are grouped inte 13 sections. In a few cases the introductory text has been sup-
plied by the compiler. Only minor editing, if any, has been made to the original contributiens.
The contributors are identified in detail in the various subsections, and without them this report
would not have been possible. Their cooperation is gratefully acknowledged.

General Activity

To seb the scene for the many contributions to follow some data first published in "Solar-
Geophysical Data' or in '"STP Notes' are presented. Casual examination of the Abbreviated Calendar
Record for October 21 through November 4, 1968 reprinted oa the following pages from STP Notes
No. 7, indicates a sharp increase in solar activity on October 27 which continues through November
&, the date of west limb passage of McMath plage region 9740. The geophysical indices hecome dis-
turbed on October 29. Statements concerning such geophysical activity appear on that date as
well, and continue through November 2.

The solar activity history concerning McMath Region 9740, as such data are now presented in
"Solar-Geophysical Data’, appears in Table 1 below. The calcium plage data are from McMath-Hul-
bert Observatory; the sunspot magnetic field data from Mt. Wilson, Observatory; the area, count,
and Zurich classification from Sacramento Peak Observatory; and the 9.1 e¢m data from Stanford
University. See "Solar-Geophysical Data' Descriptive Text for units used.

TABLE 1
MCMATH REGION 9740 CMP DATE 28.4 RETURN OF REGION 9692 ROTATION 3

CALCIUM PLAGE DATA SUNSPOT DATA 9.1 cM
YR MO DA[MC NO. LAT CMD L  AREA INT MAd NO. TAT CMD L MAG H AREA CNT C | INT FLUX
68 10 21| 9740 814 EB7 179 1200 2.5 g 4
68 10 22} 9740 S13 E73 180 2500 3.0 17033 815 E75 173 op 130 6 D 25 i1
68 10 23] 9740 S15 E60 179 5700 3.0 17033 S17 E66 173 (By) 420 15 D 29 12
68 10 24| 9740 17033 816 E49 175 (By) 4 327 23 D il 14
68 10 25| 9740 515 E33 178 6700 3.5 615 43 H 3z 14
68 10 26! 9740 S16 E20 180 7000 3.5 17033 16 E25 173 (By) 3 820 35 D 42 18
68 10 27| 9740 815 E10 176 7800 3.5 17033 816 E13 173 (8§) 6 829 23 H 40 18
68 10 28| 9740 17033 515 W03 174 (8) 5 759 58 H 50 22
68 10 29| 9740 S15 W17 178 7700 4.0 17033 S14 W16 174 & 719 60 H 62 28
68 10 30§ 9740  S15 W32 180 7000 4.0 S15 W25 1014 40 H 46 21
68 10 31] 9740 Si6 W46 179 6500 3.5 17033 516 W40 173 S 858 43 B 54 25
68 11 01| 9740 516 WeD 181 5600 3.5 17033 816 w53 172 (&) 5 772 35 ¢ 54 25
68 11 02| 9740  S17 W72 180 5600 3.5 17033 Sle6 W69 172 (8) 5 524 12 D 41 19
68 11 03§ 9740 817 W83 177 3000 3.5 515 w80 192 15 H 32 i5
68 11 04} 9740 519 W94 20 g




Following the Abbreviated Calendar Record pages will be found as Fig. 1 a reprint of the
daily scout maps of solar phenomena for October 27, 1968 from "Solar-Geophysical Data" IER-FB 292
issued December 1968. The remaining days of the period of interest are not repeated in this form.
The HX, sunspot and calecium plage histories are being discussed in later contributions to this re-
port. However, to remind one of other general activity for the disk passage of the plage regiom,
Fig. 2 presents the Stanford 9.1 cm maps, the Fleurs, Australia 21 cm maps and the Mt. Wilson mag-
netograms. Please see "Solar-Geophysical Data' IER-FB 292 and 293 of December 1968 and January
1969 for a larger repreduction size to permit reading of the numbers on the maps.

As another way of assessing the activity of this period the final Rz ané the 2800 MHz solar
flux associated with the tramsit of this solar region are given below:

Rz 5 Rz s Rz s

Oct. 21 122 164.8 Oct. 26 133 174.6 Oct. 31 99 161.¢
22 134 166, 5% 27 138 175.1% Nov. 1 89 155,7%
23 136 168.7 28 118 173.3 2 76 154,0%
24 139 175.2 29 114 193.8 3 76 148.5
25 138 173.8 30 112 166,.2% 4 81 142.7

*Adjusted for seolar burst

The histogram below depicts these same values in relation to several days either side to
indicate the activity relative to the 27-day solar cycle at that time,

60— .
40 — —
20— |
0 RN
15 16171819 202122232425262728283031 1 2 3 4 56 7T B 910 121314651617 1819 20
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Daily solar flux at 2800 Miz, S, and relative sunspot numbers, R
October 15 - November 20, 1968,
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ABBREVIATED CALENDAR RECORD (Continued)
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ARBREVIATED CALENDAR RECORD (Continued)
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2. HISTORY OF THE ACTIVE SOLAR REGION

“"Evolution of the Active Region (H¥ and K Faculae and Spots) of the Proton Events
of Qctober 2%-ecarly November 1968 "

by

G. Godoli, 0. Morgante, amd M. L. Sturiale
Osservatorio Astrofisico di Catania
Universitd di Catania, Consiglio Nazionale delle Ricerche

[The compiler has prepared the following paragraphs from the outline submitted by G. Godoli.]

The faculae and spot history of McMath region 9740 as observed at the Catania Observatory is
presented in the figures teo follow., The observations have been combined with data in the Fraun-
hofer daily maps and in "Sclar-Geophysical Data'. The active region at 515 and Carrington longi-
tude L = 171 can be followed from August 29, 1968 to January 24, 1969. The region is born and
dies on the invisible hemisphere. The sunspot group according to Mt. Wilson Observatory was Pp-
type on its appearance September 1, 1968,

The BX and K faculae maps are shown in Fig. 1 a, b and ¢ for the six transits of the active
region. The four transits of the sunspot region are presented in Fig. 2. The B faculae daily .
maps have been drawn using a 138s Durst projector from the heliograms of the Catania HX patrol.
In this patrol one heliogram is made each five minutes (1 heliogram/5 min) with a Halle filter
No. 78 fed by a single aspherical lemns (15 cm/222 cm) from 75 minutes after sunrise to sunset.
The filtergrams are 20.5-23 mm. in diameter. The maps were drawn at 150 mm. and reduced for
printing.

The K faculae maps have been drawn using the same projector from the Catania K spectro-
heliograms. Daily K,3: spectroheliograms are taken at Catania with a small spectroheliograph
fed by the Steinheil refractor (33 cm/347 cm). The spectroheliograms are 31.5-32 mm. in diameter
and again the maps were drawn at 150 mm.

The sunspot daily maps have been drawn using a M35 Durst automstic projector from the helio-
grams of the Catania white light patrol. The Catania white light patrol is made hourly with a
GH649 Kodak emulsion + a 0G, Schott filter fed by the Cooke refractor (15 om/223 cm) from 75
minutes after sunrise teo sumset. The heliograms are 20.5-21 mm, in diameter and the maps have
been drawn at 130 mm.

From the maps the evolution curves were deduced. These are presented in Fig. 3 a and b.
The prajected areas (Area,} are given in 107* of the solar disk. The corrected areas (Area, =
1/2 Areap sec h) are given in 10~% of the solar hemisphere.
The following conclusions can be drawn from Figures 1, 2 and 3.
1. The #Y and K faculae lasted six rotations;
2. The sunspot group lasted four rotations;
3. The sunspot group was born on the disk during the first transit of the faculae;
4, The sunspot group grows markedly during the peried of occurrence of the proton events,
and in general the sunspot group evoluticn curve is similar to that of proton emission
as seen in the figures in "Solar-Geophysical Data"™ No. 298, p. 163 and No. 300, Part II,
p. 91;
5. The area of the HY faculae is always smaller than the area of K faculae [ Morgante 19687;
6. The maxima of Hx and K faculae occurred on the same day November 1, 1968;
7. The decreasing portions of the evolution curves are unusually steep, as it was found for

the K faculae evolution curve of proton flares of August 28 and September 2, 1966
Godoli znd Fossi 19681.

REFERENCES
GODOLI, G,, and 1968 Oss. Astrofis. Catania Pubbl, Wo. 122,
MONSIGNORI B. C, FOSSI
MORGANTE, O. 1968 Mem. Soc. Astr. Ital., 39, 101,
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Sunspot group area in hundred millionths of a hemisphere

"Sunspots Associated with the Proton Flares of Late October 1968"

by

Patrick S. McIntosh
Space Disturbances Laboratory
ESSA Research lLaboratories, Boulder, Colorado

In the study of previous proton-flare sunspot groups [ Gopasyuk and Moreton, 1967; McIntosh,
1968, 1969; Sakurai, 1967] sunspot proper motions, sunspot rotation, and rapid sunspot growth have
been related to the occurrence of the flares. The region of late October 1968 is no exception.

This sunspot group is also outstanding for the rapid changes in appearance resulting from rapid spot
growth and motions in all parts of the region.

The proton flare of 30 October can be related in position and time to the rapid growth of new
spots near a convoluted portion of a longitudinal neutral line. The site of the flare was only one
of several areas of high magnetic field gradient across a neutral line in the longitudinal field oc-
curring in this region. This site differed from the others in its rapid development during the 24
hours prior to the flare and in the conspicuous motion of a sunspot toward this site during the same
period.

This active region was the third disk passage of a region which formed late on 1 September. If
we examine the patterns of faint plage and quiescent filaments which remained after previous active
regions decayed, we can trace the activity at the location of the October region continuously as far
back as late January 1968. Active regions formed within a 5 x 15 degree area bounded by Carrington
longitudes 167 to 182 and heliographic latitudes 810 to S15 on the following dates: a few days be-
fore east limb passage on 24 January, 21 March, 9 June, and 1 September. The activity in October
can be interpreted as the outbreak of a number of small areas of new magnetic fields superposed on
the region marked by the returning leader sunspot which formed during September. Thus, the October
passage represents the fifth in a series of emerging regions at the same absolute coordinates on the
sun, and it represents the 1lth solar rotation since the first region formed,

- ¢ -
L 4
L o
Feb., 1968 March April May June July Aug.

Sept. Oct. Nov. Dec. Jan., 1969 Feb. March

i N
}\ ¢ /\ . :/ i
May June July Aug. Sept. Oct. Nov.

Fig. 1. Approximate sunspot area within a region bounded by S10 to 815 latitude and 167 to 182 degrees
Carrington longitude. Extrapolations have been made between west limb passages and returns to

east limb.
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After the October 1968 disk passage, activity at this location can be traced more-or-less con-
tinuously to the present (December 1969). Eight additional new regions have formed since the pro-
ton-flare sunspots. Figure 1 depicts all of the observed regions at these solar coordinates by a
plot of sunspot group area with time. A quasi-periodic series of sunspot groups is derived, with
the first five becoming successively larger in maximum area. A period of 56 days appeared at least
five times and a period of 81 days appeared twice. After the large region in October, none of the
groups have been as large and the periodicity has not been as marked. Most of the groups have shown
more rapid growth than is normally observed in emerging active regioms.

The sunspot group which formed in early September was notable for rapid growth to a mature
Eac-type* group of 600 millionths hemispheric area in only 72 hours. The following portion of the
region quickly diminished while the leader spot continued to grow in size and field strength, becom-
ing perfectly symmetric during its passage west of central meridian. The form of the group was
basically that of a classical bipolar group with little complication.

On the last day before west limb passage new plage formed on the northern side of the leader,
establishing a pattern of plage partially encircling a strong spot. This basic pattern was retained
for the three subsequent returns of the region.

The second disk passage, beginning on 24 September, consisted of a stable large sunspot (the
old leader spot) and a few small attendant spots. More significant was the pattern of plage close
to the spot on the north side and an active filament east of and extending south of the spot. -This
filament disrupted at least three times during the disk passage, followed by major flares each time.
The pattern of spots and plage remained virtually the same throughout this disk passage.

The third passage of this region was heralded days before its disk appearance by strong coronal
line-emission, loop prominences, and large surges. The region had clearly developed strong magnetic
fields and relatively high densities in the corona above the region. The sunspots, when near east
limb, consisted once again of the large symmetric leader spot surrounded by smaller spots. Figure
2 depicts the sunspot group from east limb to near central meridian.

The structure of the sunspot group near the time of the proton flares late in the disk passage
can be better understood by examining the structure and dynamics of the region throughout the disk
passage. The positions of successively emerging new spots and the directions in which these spots
move may provide clues for understanding the nature of the optical and radio flares. The magnetic
structure of the region can be estimated by combining magnetic polarity measurements from the Cri-
mean Astrophysical Observatory, Sayan Mountain, Kislovodsk, and Rome with the polarities inferred
from careful examination of fine structure in HY. The polarities allow the intérpretation of the
spot evolution as the successive emergence of possibly six bipolar sets in the near vicinity of the
old leader spot remaining from the two previous solar rotations. These sets are numbered in the
order of their emergence in Figures 2 and 3. In the southern hemisphere during this solar cycle the
leading, or western spots, are normally of north polarity and the follower spots are normally of
south polarity. The old returning leader, therefore, was of north polarity.

The sunspots on 22 October presented three significant magnetic areas. The old leader was ac-
companied by a small decaying bipolar set to the northwest (set #1) and a compact, apparently young,
bipolar set to the southwest (set #2). Set #1 had the normal polarity arrangement, but set #2 had
reversed polarities, so that the leader of set #2 was the same polarity as the follower of set #1.
The leader of set #2 moved westward until the set attained maximum area late on 23 October. This
divergence of leader from follower is a normal behavior for simple bipolar sunspot groups.

As the leader of set #2 approached the longitude of the leader of set #1 new spots formed be-
tween them to create set #3. The leaders of both set #1 and #2 began to fragment and diminish as
the spots of set #3 developed. These spots reached their maximum size late on 24 October and were
intermittently seen through the 29th.

On 24 October new spots formed to the southeast of the old principal spot at the same time that
new growth took place in the follower of set #2. The spots near the number 4 at 1636 UT were of
south polarity, while the new umbra in the follower of set #2 was north polarity, as the follower
had been since its first observation. The south polarity spots quickly grew and coalesced and began
a rapid movement to the southwest. By the middle of 25 October penumbra encompassed the umbrae of
both polarities, forming a magnetic delta configuration. The rapid growth and movement of the south
polarity magnetic field is probably related to significant flares on 23 and 24 October directly over
this area.

* This classification is the one now followed by observatories cooperating in the IUWDS interchange
of solar data. Devised by the author, it consists of a modified Zurich class, the type of largest
penumbra, and the density of sunspots in the interior of the sunspot group.
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